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75 AIR BASE WING 

UNITED STATES AIR FORCE 

HILL AIR FORCE BASE, UTAH 84056 

 

APPENDIX “C”  

SAFETY, FIRE PROTECTION AND HEALTH SPECIFICATION 

INDUSTRIAL SAFETY REQUIREMENTS 

 

 

         DATE: 11 December 2014 

 

PREPARED BY:  

      Michael R. Harbert, 75 ABW/SEG, (DSN: 777-2125)    

 

SECTION I - GENERAL REQUIREMENTS 

A. Safety Program Requirements. 

The contractor will implement a safety program plan that ensures protection of 
Government personnel and property. The program will consist of, as a minimum: 

1. Mishap reporting, as defined in paragraph B1 below. 

2. A Safety Plan that addresses, as a minimum, the subjects listed in Section II –Specific 
Requirements, and will be used during the performance of the work described in the contract. 
The Safety Plan will be approved by 75 ABW/SEG (Safety Office) prior to commencement of 
any work described in this contract. 

3. Routine and recurring surveillance to ensure the safety requirements of this contract are 
enforced. 

4. Competent personnel to provide surveillance of the Safety Plan. 



  

 2

5. Identification of segregated work site locations for operations that cannot be co-mingled with 
general industrial operations and the process for ACO approval of operations and changes at 
these specific sites. 

6. All contractor personnel shall be trained and qualified to perform their duties safely. 

7. The contractor shall include a clause in all subcontracts requiring the subcontractors to comply 
with the safety provisions of this contract, as applicable. 

B. Mishap Notification 

1. The contractor shall notify 75 ABW/SEG (801-777-3333), or the Hill AFB Command Post 
(777-3007) after normal duty hours, and the designated Government Representative (GR), i.e., 
the ACO, PCO, or DCMA QAR (Quality Assurance Representative) within one (1) hour of all 
mishaps or incidents at or exceeding $2,000 (material + labor) in damage to DOD property 
entrusted by this contract, even if the government is wholly or partially reimbursed. This 
notification requirement shall also include physiological mishaps/incidents. A written or email 
copy of the mishap/incident notification shall be sent within three calendar days to the GR, who 
will forward it to 75 ABW/SEG. For information not available at the time of initial notification, 
the contractor shall provide the remaining information no later than 20 calendar days after the 
mishap, unless extended by the ACO. 

Mishap notifications shall contain, as a minimum, the following information:  

(a) Contract, Contract Number, Name and Title of Person(s) Reporting 

(b) Date, Time and exact location of accident/incident 

(c) Brief Narrative of accident/incident (Events leading to accident/incident) 

(d) Cause of accident/incident, if known 

(e) Estimated cost of accident/incident (material and labor to repair/replace) 

(f) Nomenclature of equipment and personnel involved in accident/incident 

(g) Corrective actions (taken or proposed) 

(h) Other pertinent information 

2. The contractor shall cooperate with any and all government mishap investigations. 
Additionally if requested by government personnel or designated government representative 
(GR), i.e., the ACO, PCO, or DCMA QAR (Quality Assurance Representative), the contractor 
shall immediately secure the mishap scene/damaged property and impound pertinent 
maintenance and training records, until released by safety investigators.  
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3. The contractor shall provide copies of contractor data related to mishaps, such as contractor 
analyses, test reports, summaries of investigations, etc. as necessary to support the government 
investigation. 

4. The contractor shall support and comply with the safety investigation and reporting 
requirements of AFI 91-204, Chapters 1 – 7. 

C. General Safety Requirements: 

   If the safety plan is modified, the contractor shall submit the proposed modification, in 
writing, to the Contract Administration Office safety representative. 

 The contractor is solely responsible for compliance with all federal, state and local laws, 
the Occupational, Safety and Health Act (OSHA) (Public Law 91-596) and the resulting 
standards, OSHA Standards 29 CFR 1910 and 1926, as applicable, and the protection of their 
employees.  Additionally, the contractor is responsible for the safety and health of all 
subcontractor employees.     

 The contractor shall ensure assigned personnel are adequately trained and qualified for 
the task being performed.  Brief all personnel on the hazards involved with operations and 
applicable precautions to be taken.  Should unidentified hazards arise, cease operations until 
actions are taken to eliminate or mitigate hazards to safe levels. 

 Compliance with OSHA and other applicable laws and regulations for the protection of 
contractor employees is exclusively the obligation of the contractor.  Note:  Air Force 
Occupational Safety and Health Standards (AFOSH STD) are annotated because many of the Air 
Force Standards exceed the OSHA standard criteria.  If a conflict is noted, the most stringent 
requirement takes precedence.  The government shall assume no liability or responsibility for the 
contractor's compliance or non-compliance with such requirements.  The contractor shall furnish 
to each of his/her employees a place of employment, which is free from recognized hazards.  The 
contractor shall brief his/her employees on the safety requirements of this contract and on 
hazards associated with prescribed tasks.  The contractor is responsible for compliance with 
OSHA Public Law and the resultant standards identified within.  In addition, the contractor is 
required to flow down the safety requirements/specification to all subcontractors.  This applies to 
Federal Acquisition Regulation (FAR) 12 commercial acquisitions as well.  This contract shall in 
no way require persons to work in surroundings or under working conditions which are unsafe or 
dangerous to their health.  The contractor must coordinate and perform work so as not to impact 
the safety of government employees or cause damage to government property.  This requires 
providing personnel with protective equipment and associated safety equipment as may be 
necessary.  The contractor must also protect personnel from hazards generated by the work.  If 
the contractor employs BILINGUAL speaking employees, they must post bilingual signs and 
have written procedures for specific tasks in applicable languages. 

 

SECTION II – SPECIFIC REQUIREMENTS 

The contractor’s prepared Safety Plan shall: 



  

 4

 

• Demonstrate a management commitment to employee safety and health 

• Identify applicable rules and regulations 

• Identify the roles and responsibilities of Management, Supervisors, Employees and 
Safety Coordinator 

• Identify work to be performed and location of expected operations 

• Provide a description of safety program, safety monitoring responsibilities, organizational 
structure, and contact information for on-site personnel 

• Include a work hazard analysis of the worksite and operations to be performed to include 
baseline hazard identification and required control measures 

• Identify employee safety and health training requirements and the documentation process 

• Include emergency response plans and procedures that relate to protection of government 
personnel and property 

• Include a workplace inspection frequency, to  include the identity of  the individual 
responsible for conducting the inspection  

• Include hazard reporting procedures and identify individual(s) responsible for the 
correcting identified hazards 

• Identify first aid and injury procedures 

• Identify procedures for accident reporting and investigation 

• Identify the process for tracking controlled hazards in contractors work area 
 

The contractor shall ensure that each element identified below is adequately addressed in detail 
in the safety and health plan: 
 

PEDESTRIAN CROSSWALKS:  All contractor personnel are required to use the closest 

crosswalk, or traffic controlled intersection when crossing the road.  Pedestrians must look both 
ways to ensure the coast is clear before stepping out into the crosswalk.  Pedestrians DO NOT 
have the right of way unless they are already in the crosswalk. Contractor vehicle operators have 
the same responsibilities as pedestrians, to share the road and mutually observe and yield to 
pedestrians.    
 
MOTOR VEHICLES:  Contractor shall comply with the standards in: DoD Directive 5525.4, 
Enforcement of State Traffic Laws on DoD Installations", DODI 6055.4, DoD Traffic Safety 

Program,  AFI 91-207, USAF Traffic Safety Program,  and AFI 91-207 AFMC SUP1, The US 

Air Force Traffic Safety Program.  Each applies to all persons at any time on an Air Force 
Installation and includes all leased, owned, or privatized property including housing areas.  In 
addition: AFI 13-213, Airfield Management,  applies to all contractors, sub-contractors, vendors, 
commercial delivery companies, and all other private business vehicles who operate anywhere 
on Hill Air Force Base, including the airfield (to include the industrial areas and any buildings or 
hangars located upon the airfield) in support of their mission. 
 
WALKING – WORKING SURFACES  Contractor shall comply with the standards in 29 

CFR 1910 Subpart D and Life Safety Code .  All interior walking and working surfaces which 
are part of the means of egress shall remain clear at all times and comply with the requirements 
of National Fire Protection Association (NFPA) 101, Life Safety Code.   Floors shall be kept in 
good condition and free of defects that can endanger workers or interfere with the handling of 
materials.  Housekeeping – methods and controls are in place to minimize tripping hazards, the 
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accumulation of flammable/combustible materials, etc. Portable metal ladders – methods and 
controls are in place to ensure inspection and safe use.  Open-sided floors/platforms/runways 
must be protected and not left uncovered to prevent injury.   
 
PERSONAL PROTECTIVE EQUIPMENT  Contractor shall comply with the standards in 29 
CFR 1910.132, 134, 136  Subpart I  and 29 CFR 1926, 28, 95, 100, 101, 102, & 951.  Personnel 
protective equipment is required to be worn when employees are exposed to a potential hazard, 
working overhead, falling objects, etc.  Contractor’s Safety Plan shall also address: 

-Eye and face protection     
 - Head protection 

- Foot Protection 
 
HAZARDOUS COMMUNICATIONS  Contractor shall comply with the standards in 29 CFR 
1910.1200. Contractor’s Safety Plan shall also address: 
 - Written Program - list of hazardous chemicals, methods used to inform employees of 
the hazards, precautionary measures 
 - Identity of the hazardous chemical(s) and labeling system 

- Safety data sheets and location 
- Employee information and training 

 
HAZARDOUS MATERIALS: Contractor shall comply with the standards in 29 CFR 
1910.120, Subpart H – Hazardous waste operations and emergency response.  When handling 
the hazardous material the following must be accomplished:  Compressed gases – training, 
handling, storage, use, and PPE; flammable and combustible liquids – training, handling, storage 
use, and PPE.  Contractor’s Safety Plan shall also address: 
 
 -Training, handling, storage, use and PPE  
 -Explosives and blasting agents 
 -Dipping and coating operations 
 
HAZARDOUS WASTE OPERATIONS:  Contractor shall comply with the standards in 29 
CFR 1910.120 and 29 CFR 1926.65.  Contractor’s Safety Plan shall also address: 
 
 -Emergency Response Plan  
 -Personal Protective Equipment   
 -Medical Surveillance 
 -Health and Safety Plan (HASP– required elements have been incorporated)  
 -Employee Training 
 
TOXIC AND HAZARDOUS SUBSTANCES:  Contractor shall comply with the standards in 
29 CFR 1910 Subpart Z  and 29 CFR 1926 Subpart Z.  Contractor’s Safety Plan shall also 
address:-A section related to working with toxic and hazardous substances, such as asbestos, 
benzene, lead, and styrene, where the following areas are addressed: 
 
 -Threshold Limit Values (TLV)-Exposure monitoring  
 -Medical surveillance  
 -Work practices 
 -Engineering controls   
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 -Respiratory protection   
 -Protective clothing (PPE) 
 
 
SYSTEM MODIFICATION-WHICH ALTERS FORM, FIT OR FUNCTION:   Contractor 
shall comply with latest version of Mil Standard 882, Standard Practice for System Safety, and 
AFI 91-202, The US Air Force Mishap Prevention Program, for system modifications, which 
alter form, fit, or function. 
 
ELECTRICAL:  Contractor shall comply with the standards in 29 CFR 1910 Subpart S, 29 
CFR 1926 Subpart K, AFI 91-203, Air Force Consolidated Occupational Safety Instruction and 
NFPA 70.  All electrical wiring must be IAW National Electrical Code (NEC) 70.   Electrical 
wiring and equipment shall be a type listed by UL or another recognized listing agent.  
Contractor’s Safety Plan shall also address: 
 
 -Selection and use of work practices  
 -Training (basic electrical safety knowledge) 
 -Use of equipment (handling, visual inspection, rating of equipment) 
 -GFCI Protection for outside contractor drops and wet/damp areas  
 -Arc Flash 
 
FIRE PROTECTION FOR FACILITIES:  Contractor’s procedures shall comply with  NFPA 
10, Portable Fire Extinguishers, 2007 Edition; NFPA 13, Installation of Sprinkler Systems, 2007 
Edition; NFPA 33, Spray Application Using Flammable or Combustible Materials, 2007 
Edition; NFPA 70, National Electrical Code, 2008 Edition; NFPA 72, National Fire Alarm 

Code, 2007 Edition; NFPA 91, Exhaust Systems for Air Conveying of Vapors, Gases, Mists, and 

Noncombustible Particulate Solids, 2004 Edition. 
 
HAZARDOUS ENERGY CONTROL PROGRAM ELEMENTS (LOCKOUT-TAGOUT) 

Contractor shall comply with the standards 29 CFR 1910 Subpart S, 29 CFR 1926 Subpart K and 
AFI 91-203, and Air Force Consolidated Occupational Safety Instruction.  Contractor’s Safety 
Plan should also address: 

-Purpose of hazardous energy control program 
-Employee training  -Lockout/tagout procedures 
-Restoring equipment to normal operations 
-Removal of locks and tags -Periodic inspections 
-Portable Fire Extinguishers – proper type, inspection, maintenance, testing, and training 

 
MATERIALS HANDLING AND STORAGE:  Contractor shall comply with the standards in 

29 CFR 1926.250, 953, 957  and 29 CFR 1910.101, Subparts F, H & N;  and 29 CFR 1910.178, 
Powered Industrial Truck.  Contractor’s Safety Plan shall also address: 
 
 -Storage and handling of materials  
 -Disposal of trash from elevations 
 -Personnel lifting techniques--proper storage to prevent shifting, for stability, etc. 
 -Rigging (requirements, inspection, components, and qualifications) 
 -Equipment (use in handling materials) 
 -Industrial trucks (training, inspection, maintenance, and safe use) 
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CONFINED SPACE PROGRAM ELEMENTS:  Contractor shall comply with the standards 
in 29 CFR 1910.120, 146 and 29 CFR 1926.21and 353 and AFI 91-203, Air Force Consolidated 
Occupational Safety Instruction. A confined space must meet the following three criteria: 
 
 (1) Is large enough and so configured that an employee can bodily enter and perform 
  assigned work; and  
 (2) has limited or restricted means for entry or exit (for example, tanks, vessels, silos,  

storage bins, hoppers, vaults, and pits are spaces that may have limited means of entry.); 
and 
(3) is not designed for continuous employee occupancy. Examples:  underground vaults,   
tanks, storage bins, manholes, pits, silos, process vessels, and pipelines. 

 
 Contractor’s Safety Plan shall address: 
 
  -Hazards of confined space  
  -Permit and Non-permit confined spaces 
  -Responsibilities of management, entry supervisor, authorized entrant, and 
   authorized attendants 
  -Training requirements   
  -Permit handling and approval  
  -Emergency and rescue plans 
  -Testing and monitoring requirements   
  -Special hazards 
  -Posting requirements (applicable to subcontractor operated facilities)  
 
 
GENERAL ENVIRONMENTAL CONTROLS:  Contractor shall comply with the standards 
in 29 CFR 1910 Subpart G, 29 CFR 1910 Subpart J and 29 CFR 1926 Subpart D. Contractor’s 
Safety Plan shall also address: 
 
 -Sanitation-toilet and washing facilities  
 -Accident prevention signs and tags 
 
RESPIRATORY PROTECTION PROGRAM ELEMENTS:  Contractor shall comply with 

the standards in 29 CFR 1910.134 and 29 CFR 1926.134.  Respirators are required to be worn if 
employees are exposed to inhalation hazard.  Contractor’s Safety Plan shall also address: 
 
 -Training  
 -Medical evaluation   
 - Fit tests  
 - Selection of respiratory equipment 
 -Storage of respiratory equipment   
 -Pre-use checks 
 
HEARING CONSERVATION PROGRAM ELEMENTS:  Contractor shall comply with the 
standards in 29 CFR 1910.95 and 29 CFR 1926.52.  .NOTE: Noise exposures are based on 

ACGIH guidelines of 85 dB TWA.  Contractor’s Safety Plan shall also address: 
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 -Monitoring (survey of noise producing equipment)  
 -Audiometric testing 
 -Hearing Protectors  
 -Training 
 -Recordkeeping/Access to information and training material 
 
MEDICAL AND FIRST AID:  Contractor shall comply with the standards in 29 CFR 1910 
Subpart K and 29 CFR 1926 Subpart C.  Contractor’s Safety Plan shall also address: 
 
 -Adequate first aid supplies  
 -Trained employee to render first aid  
 -Recordkeeping  
 -Reporting and investigating accidents/incidents   
 -Off-site physician(s) 
 -Maintenance of and employee access to exposure monitoring data and medical records 
 
 
EXPLOSIVE SAFETY REQUIREMENTS:  Contractor shall comply with the standards in 
AFMAN(I) 24-204, Preparing Hazardous Materials for Military Air Shipments, and dash 11 
series TOs; DoDI 4145.26M, DoD Contractors' Safety Requirements for Ammunition and 

Explosives, DoD 4145.19-R-1, Storage and Materials Handling,  AFJMAN 23-210, Joint Service 

Manual for Storage and Material Handling, TO 11A-1-33, Handling and Maintenance of 

Explosives-Loaded Aircraft, TO 11A-1-46, Fire Fighting Guidance, Transportation, and 

Storage, for all handling of all explosive devices to be removed, installed, stored or transported, 
AFMAN 91-201. 
 
FOREIGN OBJECT DAMAGE (FOD) Awareness, Prevention and Responsibilities.  

Contractor shall comply with the standards in:   AFI 21-101 AFMC SUP 1, Aircraft and 

Equipment Maintenance Management, National Aerospace Standard (NAS) 412, Foreign 

Object Damage/Foreign Object Debris (FOD) Prevention Program, AFI 91-203, Air Force 
Consolidated Occupational Safety Instruction.   
The FOD program must be integrated into the day-to-day operations to reduce/eliminate FOD 
incidents.  Programs will include covering waste dumpsters, waste hauling trucks, barriers in 
place to stop migrating FOD from dirt and gravel piles, and end of shift or daily clean-up.  The 
contractor will brief their personnel at least weekly on any FOD requirements.  All contractors, 
subcontractors performing maintenance in a FOD–potential area will receive and have 
documented initial FOD Awareness and Prevention training.  All vehicle operators are 
responsible for performing a Foreign Object (FO) inspection on their vehicles including all 
towed equipment, vehicle tires and open cargo areas of vehicles prior to entering the marked 
runway, taxiway, flight line, and aircraft parking ramps and other areas as directed by the 
Installation FOD Awareness and Prevention Officer.  All “open-air” delivery vehicles must be 
free of loose items/debris that could potentially fall from the vehicle and cause a FOD hazard.  
The cargo beds of pickups truck must be clean or covered prior to entering the airfield.  Vehicles 
will be subject to inspection and denied entry if found unacceptable.  Contractors and 
site/operations evaluators will ensure tools; equipment, rags, residue and hardware are properly 
stored and accounted for.  “Clean as you go” methods are desired. 
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PROTECTIVE BARRIERS/WARNING SIGNS:  Contractor shall comply with the standards 

in:  29 CFR 1926, Subpart G, Sections 200, 201 and 202 and EM 385-1-1, US Army Corps of 
Engineers Manual, Safety and Health Requirements.  Barricades must be provided by the 
contractor in an area for excavation, open manholes, overhead work, or the protection of 
personnel from hazardous operations, moving equipment or cranes.  Barricades are required to 
cover holes in the ground properly (e.g.: rigid/protective – 200 pound load capacity for fall 
protection, Red & White rope for warning barricades. The contractor must barricade the area for 
overhead work to protect personnel from hazardous operations.  For crane operations, the 
barricaded area must encompass one and one half times the longest extended length of the 
erected boom.  Barricades must be erected before the work begins.  If the barricades are in a 
roadway or walkway, blinking lights must be used after dark.  When the work is complete, the 
barricades must be removed from the job site.  Kerosene lamps and open flame pots shall not be 
used for or with warning signs or devices. 
 
EXCAVATIONS:  Contractor shall comply with the standards in29 CFR 1926.651 and Subpart 
P, Appendix B & C and EM 385-1-1, US Army Corps of Engineers Manual, Safety and Health 

Requirements, 3 Nov 03 Section 25.In all excavations where employees are exposed to danger 
from moving ground, protection shall be provided by means of a shoring system, sloping of the 
ground or some other equivalent means.  All trenches over five feet deep in either hard and 
compact or soft and unstable soil shall be sloped, shored, sheeted/braced or otherwise supported.  
Trenches less than five feet in depth shall also be effectively protected when hazardous ground 
movement may be expected. 
 
SCAFFOLDING:  Contractor shall comply with the standards in:  29 CFR 1910 Subpart D and 
29 CFR 1926 Subpart L.  Scaffolds are used for persons engaged in work that cannot be done 
safely from the ground or from solid construction.  A competent and qualified person must be on 
site to make decisions on scaffolding operations.   Contractor’s Safety Plan shall also address: 
 
 -Safety requirements for construction (as applicable), operation, maintenance, railings, 
  toeboards, inspections, fall protection, and use 
 -Rails  
 -Bracing 
 -Toeboards  
 -Fall Protection 
 
POWERED PLATFORMS, MANLIFTS AND VEHICLE-MOUNTED WORK 

PLATFORMS:  Contractor shall comply with the standards in 29 CFR 1910 Subpart F.  

Manlifts are used for the purpose of allowing workers to perform duties at elevated levels. A 
competent and qualified person must be onsite to make decisions on manlift operations.   
Note:  Fall restraint is the preferred method for fall protection.  Contractor’s Safety Plan 
shall also address: 
 
 -Personal Fall Arrest Systems (PFAS) {body harness, lanyard, lifeline, etc., inspections} 
 -Manlift – maintenance, inspection, and operation 
 
AERIAL LIFT EQUIPMENT:  Contractor shall comply with the standards in 29 CFR 
1910.66 Subpart F , American National Standards Institute (ANSI) ANSI 92.2, ANSI 92.5, ANSI 

92.6, and AFI 91-203, Air Force Consolidated Occupational Safety Instruction.  Aerial lifts have 
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inherent risks associated with their use.  The Air Force has established procedures to ensure only 
trained and qualified personnel are operating aerial lifts.  In the past, the lifts were identified that 
did not meet regulatory safety requirements and foreign objects (FO) were found on the 
equipment.  Based on this negative trend and a fatal mishap in years past, the following policies, 
procedures and processes will be adhered to when aerial lifts are used to support a contractor 
mission: 
 
 (1)  Aerial devices shall include the following types of vehicle mounted aerial devices  
 used to elevate personnel to job sites above ground:  
 
  - Extendible boom platforms 
  - Aerial ladders 
  - Articulating boom platforms 
  - Vertical towers and a combination of any of the  above 
 

(2)  Aerial equipment may be made of metal, wood, fiberglass reinforced plastic, or other  
material; may be powered or manually operated, and are deemed to be aerial lifts whether 
or not they are capable of rotating about a substantially vertical axis.  

 
CONTRACTOR AERIAL LIFT DEVICES:  Contractors shall comply with the standards in 
29 CFR 1910.67 , 29 CFR 1926.453, and ANSI 92.2, Standards for "Vehicle Mounted Elevating 

and Rotating Work Platforms.  Contractors, subcontractors, vendors, commercial delivery 
companies, and all other private business vehicles will comply with the following requirements 
while operating any type of aerial lift as described above, while on a DOD installation.  This 
includes contractor owned equipment, leased or rented equipment acquired to support the 
contractual activities.  Unless otherwise provided in this section, aerial devices (aerial lifts) 
acquired on or after July 1, 1975, shall be designed and constructed in conformance with the 
applicable requirements of the American National Standards for "Vehicle Mounted Elevating 
and Rotating Work Platforms, ANSI A92.2 - 1969, including appendix which is incorporated by 
reference as specified in 29 CFR 1910.66.  Aerial lifts acquired for use before July 1, 1975 which 
do not meet the requirements of ANSI A92.2 - 1969, may not be used after July 1, 1976, unless 
they shall have been modified so as to conform to the applicable design and construction 
requirements of ANSI A92.2 - 1969.Prior to bringing an aerial device on a DoD installation, the 
contractor will ensure: Aerial devices meet the above 29 CFR 1910.66 and 1910.67 
requirements. Aerial devices meet certification and classification for the designated work area. 
Aerial devices are serviceable, and all safety devices, warning devices, and interlocks operate. 
Aerial devices (regardless of guardrail, mid-rail or toe board configuration) will have fall 
protection attach points installed. Aerial devices will contain the manufacturer’s manual and 
operator’s safety manual.  The applicable ANSI Standard will satisfy the requirement for a safety 
manual. The contractor and operating employee will be trained and certified on the leased/rental 
device and provide visual certification upon request.  Aerial lifts will not be used to deliver 
employees to higher levels unless so certified. 
 
PERSONAL PROTECTIVE EQUIPMENT FOR AERIAL LIFT DEVICES:  To ensure 
compliance with 29 CFR 1910.66, Subpart F, Appendix C, 29 CFR 1910.133, Personal 

Protective Equipment, 29CFR 1926.453, Aerial Lifts, 29CFR 1926.104, Safety belts, Lifelines & 

Lanyards, and 29CFR 1926.501, Duty to have Fall Protection; the contractor will ensure the 
following: Contractor employees will use fall restraint on all aerial lift devices unless so certified 
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for fall arrest by the manufacturer.  Fall restraint is the preferred standard for DOD installation 
operations with aerial devices.  Fall restraint will consist of a harness (no body belts allowed) 
and a lanyard shortened to the minimum length to allow work but not allow the employee to 
leave the platform cage or stand on toe-boards or mid-rails.  Energy absorbing lanyards are not 
authorized for fall restraint.  Lanyards will have self-closing; self-locking keepers which remain 
closed and locked until unlocked and pressed open for connection or disconnection. Contractor 
employees operating, observing and spotting for aerial devices will wear approved hard hats. 
 
GENERAL FALL PROTECTION:  Contractor shall comply with the standards in:  29 CFR 
1910.66, Appendix C,  Subpart F and 29 CFR 1926.500-502, Subpart M – If a person can fall 4 
feet or more; fall protection must be provided to prevent injury.  Contractor’s Safety Plan shall 
also address: 
 
 -Guardrail System (height and load rating)  
 -Safety Net System (location, inspection, and testing) 
 -Personal Fall Arrest System (PFAS)- life line, lanyard, component strength, and 
 anchorage 
 -Fall Protection Plan 
 -Qualifications of persons 
 
CRANES, DERRICKS, HOISTS, ELEVATORS, AND CONVEYORS:  Contractor shall 
comply with the standards in:  29 CFR 1926 Subpart N – Cranes are used to move material, 
simplify materials handling and heavy or bulky supplies and equipment.  Load capacities and 
operating speeds must be posted; special hazard warnings and instructions – visible to operator; 
hand signals – per ANSI standard for type of crane in use and inspections are performed by a 
competent person.  Personnel must be trained/qualified/certified by a nationally recognized crane 
certification league to operate these items. 
 
WORK STANDS/PLATFORMS:  Contractor’s procedures shall comply with AFI 91-203, Air 
Force Consolidated Occupational Safety Instruction and 35A4 series T.O.s -Ground Support 
Equipment (various maintenance stands). 
 
AIRCRAFT MAINTENANCE:  Contractor shall comply with the standards in AFI 91-203, 
Air Force Consolidated Occupational Safety Instruction, applicable Dash 2 Series Technical 
Orders, and AFI 21-101, Aircraft and Equipment Maintenance Management. 
 

LIQUID GASEOUS OXYGEN/CRYOGENICS:  Contractor’s procedures shall comply with 
AFI 91-203, Air Force Consolidated Occupational Safety Instruction T.O. 00-25-172, Ground 

Servicing of Aircraft and Static Grounding/Bonding, and NFPA 51, Design &Installation of 

Oxygen–Fuel Gas Systems for Welding, Cutting, and Allied Processes, 2007 Edition, Chap 4. 
 
AIRCRAFT JACKING OPERATIONS:  Contractor’s procedures shall comply with site 
specific applicable aircraft T.O.s and 35A2 series Technical Orders (various jacking equipment), 
and AFI 91-203, Air Force Consolidated Occupational Safety Instruction. 
 
FUEL TANK /FUEL CELL REPAIR:  Fuel tank/cell work will be accomplished IAW the 
requirements in T.O. 1-1-3, Inspection and Repair of Aircraft Integral tanks and Fuel Cells, Air 
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Force Civil Engineer Support Agency (AFCESA) Engineering Technical Letters (ETL) listed in 
PART III, and list specific applicable Aircraft Technical Orders. 
 
FUELING/DEFUELING OPERATIONS:  All fueling/defueling operations will be in 
compliance with T.O. 00-25-172, Ground Servicing of Aircraft and Static Grounding/Bonding,  

T.O. 1-1-3, Inspection and Repair of Aircraft Integral Tanks and Fuel Cells, Air Force Civil 
Engineer Support Agency (AFCESA) Engineering Technical letters (ETL) listed in PART III, 
and list specific applicable Aircraft Technical Orders. 
 
HANGERING OF FUELED AIRCRAFT:  Aircraft hangars where fueled aircraft will be 
stored must meet the facility requirements in NFPA 70, National Electrical Code, 2008 Edition, 
NFPA 409, Aircraft Hangars, 2004 Edition; NFPA 410, Aircraft Maintenance, 2004 Edition, 
and T.O. 1-1-3, Inspection and Repair of Aircraft Integral Tanks and Fuel Cells, and Air Force 
Civil Engineer Support Agency (AFCESA) Engineering Technical Letters (ETL) listed in PART 
III. 
 
REMOVE/INSTALL AIRCRAFT ENGINES:  Contractor shall comply with the procedures 
in T.O. 2J-1-18, Preparation for Shipment and Storage of Gas Turbine Engines, 30 Jun 02 and 
(list applicable Aircraft Handbooks). 
 
ON-AIRCRAFT ENGINE OPERATIONS/ENGINE RUNS:  Contractor’s procedures must 
comply with AFI 11-218, Aircraft Operations and Movement on the Ground, Chap 1, Sect 1D, 1, 
site specific applicable aircraft T.O.s and AFI 91-203, Air Force Consolidated Occupational 
Safety Instruction. 
 
 AIRCRAFT TOWING/PARKING/MOORING:  Towing, parking and mooring procedures 
must comply with AFI 11-218, Aircraft Operations and Movement on the Ground, Chap 1, Sect 
1D, AFI 91-203, Air Force Consolidated Occupational Safety Instruction, Unified Facility Code 
(UFC260-1, Airfield and heliport Planning and Design,  site specific applicable aircraft 
Technical Orders. 
 
SAFING/EGRESS/ESCAPE SYSTEMS:  Contractor shall comply with the standards in T.O. 
11A-1-33, Handling and Maintenance of Explosives-Loaded Aircraft, and site specific applicable 
aircraft Technical Orders. 
 
ELECTRONIC/ELECTROSTATIC DISCHARGE SENSITIVE COMPONENTS:  An 
electrostatic discharge program, when applicable, shall be implemented according to MIL-
HDBK-263B, Electrostatic Discharge Control Handbook for Protection of Electrical and 

Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive 

Devices), MIL-STD-1686C,  Electrostatic Discharge Control Program for Protection of 

Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated 

Explosive Devices), 25 Oct 95 and T.O. 00-25-234, General Shop Practice Requirements for the 

Repair, Maintenance and Test of Electrical Equipment, or the commercial standard ANSI/ESD 
S20.20, Electrostatic Discharge Control Program-Protection of Electrical & Electronic Parts, 

Assemblies and Equipment. 
 
CLEANING/CORROSION CONTROL FOR AVIONICS AND ELECTRONICS:   
Corrosion removal and treatment shall be conducted according to TO 1-1-689-3, Cleaning and 
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Corrosion Control Volume III Avionics and Electronics, 1 Mar 05; and T.O. 1-1-689-5, Cleaning 

and Corrosion Control Volume V Consumable Materials and Equipment for Avionics. 
 
 CLEANING/CORROSION CONTROL OF AIRCRAFT:   Corrosion removal and treatment 
shall be conducted according to T.O. 1-1-691, Cleaning and Corrosion Prevention and Control, 

Aerospace and Non-Aerospace Equipment. 

 
PAINTING & PAINT REMOVAL:  Painting and paint removal shall be accomplished 
according to T.O. 1-1-8 Application and Removal of Organic Coatings, Aerospace and Non-

aerospace Equipment, NFPA 33, Spray Application Using Flammable or Combustible 

Materials, 2007 Edition and NFPA 410, Aircraft Maintenance, 2004 Edition. 
 
AIRCRAFT PAINTING & PAINT REMOVAL OPERATIONS:  Contractor shall comply 
with the standards in T.O. 1-1-8, Application and Removal of Organic Coatings, Aerospace and 
Non-aerospace Equipment,NFPA 33, Spray Application Using Flammable or Combustible 
Materials, NFPA 70, National Electrical Code, NFPA 91, Exhaust Systems for Air Conveying of 
Vapors, Gases, Mists, and Noncombustible Particulate Solids, 2004 Edition; NFPA 409, Aircraft 
Hangars, NFPA 410, Aircraft Maintenance, and (cite specific applicable aircraft T.O.s) 
 
HOUSEKEEPING:  Housekeeping shall be conducted according to the requirements in OSHA 
Standard 29 CFR 1910.141.  CLEAN AS YOU GO will be enforced.  Refuse, trash, and debris 
will be collected daily and not left on site to prevent hazards during high winds and inclement 
weather. 
 
SOLDERING:  Soldering shall be conducted in accordance with the requirements in T.O. 00-
25-234, General Shop Practice Requirements for the Repair, Maintenance and Test of Electrical 

Equipment, and 29 CFR 1910.253. 
 
GROUNDING, BONDING OF AIRCRAFT & AVIONICS EQUIPMENT:  Contractor shall 
comply with the standards for grounding and bonding in accordance with TO 00-25-172, Ground 

Servicing of Aircraft and Static Grounding/Bonding, for aircraft repair and TO 00-25-234, 
General Shop Practice Requirements for the Repair, Maintenance and Test of Electrical 

Equipment, for avionics equipment. 
 
  HEARING CONSERVATION PROGRAM ELEMENTS:  Contractor shall comply with 
the standards in 29 CFR 1910.95 and 29 CFR 1926.52.  .NOTE: Noise exposures are based on 

ACGIH guidelines of 85 dB TWA.  Contractor’s Safety Plan shall also address: 
 
 -Monitoring (survey of noise producing equipment)  
 -Audiometric testing 
 -Hearing Protectors  
 -Training 
 -Recordkeeping/Access to information and training material 
 
HAND AND PORTABLE POWERED TOOLS AND OTHER HAND-HELD 

EQUIPMENT:  Contractor shall comply with the standards in 29 CFR 1910 Subpart P and 29 
CFR 1926 Subpart I.  Contractor’s Safety Plan shall also address: 
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 -Inspection  
 -Proper use  
 -Guarding  
 -Maintenance 
 -Control of rotating parts, flying chips, and sparks 
 
WELDING, CUTTING AND BRAZING:  Contractor shall comply with the standards in:  29 
CFR 1910.251 thru 255 and 29 CFR1926.102(b), 153, 453(b), AFI 91-203, Air Force 
Consolidated Occupational Safety Instruction, NFPA 410 Aircraft Maintenance, and NFPA 51B, 
Fire Prevention During Welding, Cutting, and Other Hot Work, Contractor’s Safety Plan shall 
also address: 
 
 -Welding Permit Required from Fire Department   
 -Training/worker knowledge 
 -Equipment inspections, service, and use    
 -Fire protection and prevention 
 -Protective equipment & welding shields   
 -Health protection (PPE) 
 -Ventilation   
 -Cylinders and containers  
 -Cylinder storage 
 
RESPIRATORY PROTECTION PROGRAM ELEMENTS:  Contractor shall comply with 

the standards in 29 CFR 1910.134 and 29 CFR 1926.134.  Respirators are required to be worn if 
employees are exposed to inhalation hazard.  Contractor’s Safety Plan shall also address: 
 
 -Training  
 -Medical evaluation   
 - Fit tests  
 - Selection of respiratory equipment 
 -Storage of respiratory equipment   
 -Pre-use checks 
 
GENERAL FALL PROTECTION:  Contractor shall comply with the standards in:  29 CFR 
1910.66, Appendix C,  Subpart F and 29 CFR 1926.500-502, Subpart M – If a person can fall 4 
feet or more; fall protection must be provided to prevent injury.  Contractor’s Safety Plan shall 
also address: 
 
 -Guardrail System (height and load rating)  
 -Safety Net System (location, inspection, and testing) 
 -Personal Fall Arrest System (PFAS) - life line, lanyard, component strength, and 
 anchorage 
 -Fall Protection Plan 
 -Qualifications of persons 
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SECTION 01 11 01  

GENERAL REQUIREMENTS  

04/11  

PART 1 GENERAL  

1.1 REFERENCES  

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by the 

basic designation only.  

ASTM INTERNATIONAL  

ASTM E 2114  Standard Terminology for Sustainability 

Relative to the Performance of Buildings.   

 U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)  

Energy Star      Energy Star Energy Efficiency Labeling 

System  

U.S. GREEN BUILDING COUNCIL (USGBC)  

LEED  Leadership in Energy and Environmental 

Design(tm) Green Building Rating System for 

New Construction (LEED-NC)  
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1.2 DEFINITIONS  

Definitions pertaining to sustainable development are as defined in ASTM E 

2114, and as specified below.  

 

a. "Environmentally preferable products" have a lesser or reduced 

effect on the environment in comparison to conventional products and 

services. This comparison may consider raw materials acquisition, 

production, manufacturing, packaging, distribution, reuse, operation, 

maintenance, or disposal of the product.  

b. "Indoor environmental quality" is the physical characteristics of 

the building interior that impact occupants, including air quality, 

illumination, acoustics, occupant control, thermal comfort, day-

lighting, and views.  

c. "Operational performance" is the functional behavior of the building 

as a whole or of the building components.  

d. "Sustainability" is the balance of environmental, economic, and 

societal considerations.  

 

 

1.3 SUBMITTALS  

1.3.1 Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for Contractor Quality Control 

approval. The Contracting Officer may request submittals in addition to 

those specified when deemed necessary to adequately describe the work 

covered in the respective sections. Submittals shall use Air Force Form 3000 

and shall be provided as soon as possible.  The progress schedule and 

submittal register shall be submitted within twenty-one (21) days of the 

Notice to Proceed.  The submittal register shall show projected dates to 

submit required material information. 

  

1.3.2 Units of weights and measures used on all submittals are to be the 

same as those used in the contract drawings. Each submittal is to be 

complete and in sufficient detail to allow ready determination of compliance 

with contract requirements.  

 

1.3.3 Contractor's Quality Control (CQC) System Manager and the Designer of 

Record, if applicable, shall check and approve all items prior to submittal 

and stamp, sign, and date.  

 

1.3.4 Proposed deviations from the contract requirements must be submitted 

in writing in the form of a request for change. Government approval of 

submittals that deviate from contract requirements that were not marked as 

such and clearly identified in writing, shall not be construed to change or 

modify any contract requirements.  

 

1.3.5 Design Reviews: The Government will review design submittals for 

conformance with the technical requirements of the solicitation. Government 

review is only for conformance with the contract requirements.  Acceptance 

of design submittals is not be construed as a complete check, and indicates 

only that the general method appears to meet the requirements of the 

Solicitation.  The Designer of Record is responsible for the technical 
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adequacy and functionality of the design.  

 

1.3.6 Sample Reviews: Approval of a sample is only for the characteristics 

or use named in such approval and shall not be construed to change or modify 

any contract requirements. Before submitting samples, the Contractor to 

assure that the materials or equipment will be available in quantities 

required in the project. No change or substitution will be permitted after a 

sample has been approved. 

 

1.3.7 Submittals requiring Government approval are to be scheduled and made 

prior to the acquisition of the material or equipment covered thereby. 

Include catalog cuts, diagrams, operating charts or curves and all other 

required documents necessary for determination of compliance with contract. 

The Government will:  

A. Note date on which submittal was received.  

B. Review submittals for approval within scheduling period specified and 

only for conformance with project design concepts and compliance with 

contract documents.  

C. Identify returned submittals with one of the actions defined in 

paragraph 1.3.8 below of this section and with markings appropriate for 

action indicated.  

D. Upon completion of review of submittals requiring Government approval, 

the Contracting Officer will retain copies of the approved submittal and 

one copy of the submittal will be returned to the Contractor.  

 

1.3.8 Review Notations. Government review will be completed within 14 

calendar days after date of submission. Submittals will be returned to the 

Contractor with the following notations:  

a. Submittals marked "approved" or "accepted" authorize the Contractor to 

proceed with the work covered.  

b. Submittals marked "approved as noted" "or approved except as noted, 

re-submittal not required," authorize the Contractor to proceed with the 

work covered provided he takes no exception to the corrections.  

c. Submittals marked "not approved" or "disapproved," or "revise and 

resubmit," indicate noncompliance with the contract requirements or 

design concept, or that submittal is incomplete. Resubmit with 

appropriate changes. No work shall proceed for this item until re-

submittal is approved.  

 

 

1.3.9 Contractor shall make corrections required by the Contracting Officer. 

If the Contractor considers any correction or notation on the returned 

submittals to constitute a change to the contract drawings or 

specifications, notice as required under the clause entitled, "Changes," is 

to be given to the Contracting Officer. Contractor is responsible for the 

dimensions and design of connection details and construction of work. 

Failure to point out deviations may result in the Government requiring 

rejection and removal of such work at the Contractor's expense.  
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1.3.10 WITHHOLDING OF PAYMENT  

 

Payment for materials incorporated in the work will not be made if required 

approvals have not been obtained. No payment for materials incorporated in 

the work will be made if all required Designer of Record or required 

Government approvals have not been obtained. No payment will be made for any 

materials incorporated into the work for any conformance review submittals 

or information only submittals found to contain errors or deviations from 

the Solicitation or Accepted Proposal.  

 

1.4 WORK COVERED BY CONTRACT DOCUMENTS 

1.4.1 Materials and Workmanship: 

1.4.1.1 All equipment, material, and articles incorporated into the work 

covered by this contract shall be new and of the most suitable grade for the 

purpose intended, unless otherwise specifically provided in this contract. 

References in the specifications to equipment, material, articles, or 

patented processes by trade name, make, or catalog number, shall be regarded 

as establishing a standard of quality and shall not be construed as limiting 

competition. The Contractor may, at its option, use any equipment, material, 

article, or process that, in the judgment of the Contracting Officer, is 

equal to that named in the specifications, unless otherwise specifically 

provided in this contract. 

1.4.1.2 All work under this contract shall be performed in a skillful and 

workmanlike manner. The Contracting Officer may require, in writing, that 

the Contractor remove from the work any employee the Contracting Officer 

deems incompetent, careless, or otherwise objectionable.  

1.4.1.3 In accordance with FAR 52.236-6 At all times during performance of 

this contract and until the work is completed and accepted, the Contractor 

shall directly superintend the work or assign and have on the worksite a 

competent superintendent who is satisfactory to the Contracting Officer and 

has authority to act for the Contractor.  When it is necessary to contact 

base personnel during or after hours, the superintendent shall make contact 

with those in the following order: 

• Base Civil Engineer project manager 

• Project Manager’s Supervisor as applicable 

David Murray 801-777-2118/801-643-8755 or 

Paul Waite 801-777-0584/801-547-7410 

• Engineering Division Leader 

Bob Elliott 801-775-5584/801-698-3653 

• EMCS call center 801-586-5823. 

1.4.2 Weather Precautions: 

Contractor shall ensure that weather sensitive materials are placed within 

the conditions recommended by the material supplier. No pavements shall be 

placed on frozen ground.  Concrete placed when weather temperatures can be 

expected to fall below 32 degrees F shall be covered with approved blankets. 

1.4.3 Project Description:  

Briefly and without force or effect upon the contract documents, the work of 

this contract can be summarized as follows: 
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A. ARCHITECTURAL:  

Full renovation of existing office space with relocated and 

update restrooms. New main entry and assembly building addition 

on northwest corner of existing building. New materials and 

finishes throughout renovation and addition. Mechanical enclosure 

for new HVAC equipment. 

B. CIVIL: 

Grading for new addition with sidewalk and entry stair. 

Connection to existing utilities and connection of new and 

existing roof drains into storm sewer. 

C. STRUCTURAL: 

One-story steel structure with shallow reinforced concrete spread 

footings supporting structural HSS columns. Columns support roof 

framing consisting of steel wide flange beams and open web steel 

joists. The lateral force resisting system is ordinary concentric 

steel brace frames and steel roof deck diaphragm. 

D. MECHANICAL: 

Mechanical Scope 

Add new AHU-4 to serve new Assembly Area, new split system for 

COMM room, and modify duct and diffuser layout for existing AHU-

1, AHU-2, and AHU-3 to accommodate the new floor plan. 

Plumbing Scope 

Demolish existing bathrooms and provide new water heater, hot 

water recirculation pump, fixtures and domestic plumbing, waste, 

and vent to serve new restrooms and break room. 

E. ELECTRICAL: 

Updated building electrical transformer for City Light and Power, 

building electrical service and building communications.  New 

power distribution, receptacles, energy efficient lighting, 

lighting controls, communications, and a new access control 

system.   

F. FIRE:  

Fire Alarm/Mass Notification System 

Relocate, expand, and update existing fire alarm/mass 

notification system for remodel conditions.  The existing system 

was recently installed and still has the capability required to 

meet the base needs into the future. 

Fire Sprinkler System 

Relocate, expand, and update existing fire sprinkler system for 

remodel conditions.  The existing system riser meets base 

requirements and is sufficiently sized to support the addition 

and remodel conditions. 

 

1.4.4 Project Location:  

The work shall be located at Hill Air Force Base, Building 591, as 

indicated.  

1.5 SITE VISITS: 

1.5.1 The Contractor shall attend scheduled site visits and take steps 

reasonably necessary to ascertain the nature and location of the work, and 

investigate the general and local conditions which can affect the work or 

its cost in accordance with FAR 52.236-3. Such investigation shall include 

but is not limited to: 
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a. The conditions bearing upon transportation, disposal, handling, and 

storage of materials. 

b. The availability of labor, and necessary utilities including water, 

gas, and electric power. 

c. The availability and suitability of pavements and roadways. 

d. Prevalent weather conditions or similar physical conditions at the 

site. 

e. The conformation and existing conditions of the ground, pavements and 

soils. 

f. The character and condition of equipment and facilities needed 

preliminary to and during work performance. 

1.5.2 The Contractor shall examine and note the character, quality, and 

quantity of surface and subsurface materials or obstacles to be encountered 

insofar as that information is reasonably ascertainable from an inspection 

of the site. The contractor shall note any exploratory work performed by 

the Government and provided in the drawings and specifications or made a 

part of this contract as attachments. Any failure of the Contractor to take 

the actions described and acknowledged in this paragraph will not relieve 

the Contractor from responsibility for estimating properly the difficulty 

and cost of successfully performing the work, or for proceeding to 

successfully perform the work without additional expense to the Government. 

1.5.2.1 The Government assumes no responsibility for any conclusions or 

interpretations made by the Contractor based on the information made 

available by the Government. Nor does the Government assume responsibility 

for any understanding reached or representation made concerning conditions 

which can affect the work by any of its officers or agents before the 

execution of this contract, unless that understanding or representation is 

expressly stated in this contract. 

 

1.6 CONTRACT DRAWINGS: 

1.6.1 Project Drawings:  

The following drawings accompany this specification and are a part thereof.  

Sheets 1 through 94  

1.6.2 Working Drawings 

The Contractor shall keep on the work site a copy of the Project drawings 

and specifications and shall at all times give the Air Force Project manager 

access thereto in accordance with FAR 52.236-21. Anything mentioned in the 

specifications and not shown on the drawings, or shown on the drawings and 

not mentioned in the specifications, shall be of like effect as if shown or 

mentioned in both. In case of a difference between drawings and 

specifications, the specifications shall govern. In case of discrepancy in 

the figures, in the drawings, or in the specifications, the matter shall be 

promptly submitted to the Contracting Officer, who shall promptly make a 

determination in writing. Any adjustment by the Contractor without such a 
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determination shall be at its own risk and expense. The Contracting Officer 

shall furnish AutoCAD sets of contract drawings, maps, and MS Word Versions 

of the specifications for use in creating As-Built Record Drawings.  

Contactor shall immediately check the furnished drawings and notify the 

Government of any discrepancies. 

a. Wherever in the specifications or upon the drawings the words 

“directed”, “required”, “ordered”, “designated”, “prescribed”, or words 

of like import are used, it shall be understood that the “direction”, 

“requirement”, “order”, “designation”, or “prescription”, of the 

Contracting Officer is intended and similarly the words “approved”, 

“acceptable”, “satisfactory”, or words of like import shall mean 

“approved by,” or “acceptable to”, or “satisfactory to” the Contracting 

Officer, unless otherwise expressly stated. 

b. Where “as shown,” as indicated”, “as detailed”, or words of similar 

import are used, it shall be understood that the reference is made to 

the drawings accompanying this contract unless stated otherwise. The 

word “provided” as used herein shall be understood to mean, “provide 

complete in place,” that is “furnished and installed”. 

c. Wherever in the specifications or upon the drawings the words the terms 

“As Built Record Drawings”, “marked up drawings”, “marked up prints”, 

“record drawings” and “red-lined drawings” are used, it shall be 

understood that “As-Built Record Drawings” as defined below is 

intended.   

1.6.3 Shop Drawings:  

1.6.3.1 The term Shop Drawings means drawings, submitted to the Government 

by the Contractor, subcontractor, or any lower tier subcontractor pursuant 

to a construction contract, showing in detail the following items.  

a. The proposed fabrication and assembly of structural elements and the 

installation (i.e., fit, and attachment details) of materials or 

equipment. 

b. Drawings, diagrams, layouts, schematics, descriptive literature, 

illustrations, schedules, performance and test data, and similar 

materials furnished by the contractor to explain in detail specific 

portions of the work required by the contract. The Government may 

duplicate, use, and disclose in any manner and for any purpose shop 

drawings delivered under this contract. 

1.6.3.2 If this contract requires shop drawings, the Contractor shall 

coordinate all such drawings, and review them for accuracy, completeness, 

and compliance with contract requirements and shall indicate its approval 

thereon as evidence of such coordination and review. Shop drawings 

submitted to the Contracting Officer without evidence of the Contractor’s 

approval may be returned for resubmission. The Contracting Officer will 

indicate an approval or disapproval of the shop drawings and if not 

approved as submitted shall indicate the Government’s reasons therefore. 

Any work done before such approval shall be at the Contractor’s risk. 

Approval by the Contracting Officer shall not relieve the Contractor from 

responsibility for any errors or omissions in such drawings, nor from 

responsibility for complying with the requirements of this contract, except 

with respect to variations described and approved in accordance with 

paragraph below. 
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a. If shop drawings show variations from the contract requirements, the 

Contractor shall describe such variations in writing, separate from the 

drawings, at the time of submission. If the Contracting Officer 

approves any such variation, the Contracting Officer shall issue an 

appropriate contract modification, except that, if the variation is 

minor or does not involve a change in price or in time of performance, 

a modification need not be issued. 

b. The Contractor shall submit to the Contracting Officer for approval 

three copies (unless otherwise indicated) of all shop drawings as 

called for under the various headings of these specifications. Two sets 

(unless otherwise indicated) of all shop drawings, will be retained by 

the Contracting Officer and one set will be returned to the Contractor. 

Upon completing the work under this contract, the Contractor shall 

furnish a complete set of all shop drawings as finally approved. These 

drawings shall show all changes and revisions made up to the time the 

equipment is completed and accepted. 

1.6.4 As-Built Record Drawings: 

1.6.4.1 Whenever changes occur the contractor shall immediately mark-up the 

working copy of the contract drawings in red to show both changes and the 

actual installation in sufficient detail including accurate dimensioning as 

necessary to form a complete record of work accomplished.  Accuracy of 

changed elements may also be accomplished by surveying.  Sign and date each 

mark-up redline as it occurs.  The marked-up working drawings shall be on 

site, complete, legible, precise and understandable to a CAD operator who 

is unfamiliar with the project. 

1.6.4.2 Upon completing the work under this contract, the Contractor shall 

use the marked-up working drawings and the approved shop drawings to 

produce the final As-Built Record Drawings.  Furnish one complete set of 

As-Built Record Drawings in bound AutoCAD and pdf formats including all 

shop drawings as finally approved. These drawings shall show changes and 

revisions made up to the time the contract is completed and accepted. 

Include all unusual or uncharted obstructions that were encountered in the 

contract area during construction.  All sheets shall be annotated as As-

Built Record Drawings in the revision section of the title block even if no 

changes occur during the contract. File naming of Record Drawing CADD files 

shall comply with the Hill AFB Facility Design Standard. 

a. Revisions made shall ensure related section and elevation views, 

details, legend, plans, profiles, schedules and notes are marked as 

needed to prevent conflicting data on differing sheets.  Comments shall 

be complete without reference to change orders, letters, memos, etc.  

The marked-up drawings shall be labeled to show project title and 

number. 

b. Surveying data will be in Universal Transverse Mercator 1983 (UTM83) 

coordinate system, Transverse Mercator projection, Geodetic Reference 

System 1980 (GRS80) spheroid, or World Geodetic System 1984 (WGS84) 

datum, and use metric coordinate units.  

c. Particular attention should be given to work, which will be concealed 

and difficult to measure and record after construction, and work which 

may require servicing or replacement during the life of the facility.  

The following are areas of concern that need special checking to ensure 

that the marked-up prints are complete and accurate: 
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1. Dimensions shall be clearly shown and accurately locate all 

changes in direction of utility lines.  All surface or 

underground components such as valves, manholes, drain inlets, 

clean outs, meters, etc. shall be indicated.  The description 

utilities placed shall include the actual quantity, size, and 

type of materials used. 

2. Actual location, size and type of interior plumbing and 

electrical lines installed below a concrete slab shall be 

clearly and accurately indicated. 

 

3. Changes to layout and schematic drawings of electrical circuits 

and piping shall be clearly shown. 

 

4. Correct dimensions and details shall be transferred from shop 

drawings. 

 

5. Actual location of anchors, construction and control joints, in 

concrete must be shown. 

 

6. Changes in location of equipment and architectural features must 

be shown. 

 

7. Specific materials provided shall be indicated and words such as 

“or equal” shall be removed. 

1.6.4.3 The Air Force project managers will review the contractor’s marked-

up drawings when verifying the performance shown by progress reports.  If 

the drawings are not current, the progress report will be adjusted downward 

by the Civil Engineering project manager to reflect the contractor’s non-

compliance.  Marked-up drawings will be submitted within five working days 

after substantial completion.  Final payment will not be authorized until 

complete and accurate digital and hard copy redlined drawings are accepted 

by the Contracting Officer. 

 

1.7 WORK SCHEDULING 

1.7.1 Contractor shall allow in their planned work schedule for potential 

Government caused delays as follows: Allow for 5 calendar days where the 

contractor’s construction activity is prohibited by Air Force Exercises or 

similar military events.  Allow for 21 calendar days for excavation and 24 

calendar days for utility outages, road closures, or other subsurface 

requested activities.  (Other construction activities will be permitted to 

continue.) Government will provide 24-hour notification each time the 

government caused delays mentioned above are invoked. No additional time 

will be granted for delays falling within those limits. 

Normal duty hours for work shall be: 

A. 0730 to 1600 Hours exclusive of Saturdays, Sundays, and holidays 

unless other times are approved by the Contracting Officer, or 

otherwise stated in the contract.  Coordinate the work schedule with 

the Civil Engineering Project Manager. 

 

1.7.2 Contract Progress Schedules AF Forms 3064 and 3065.  
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See Section 01 32 01 Project Schedule for information on this requirement. 

1.8 OCCUPANCY OF PREMISES  

1.8.1 Building Occupancy. 

Building(s) will be occupied during performance of work under this Contract 

unless expressly stated otherwise -in writing- from the Contracting 

Officer.  

1.8.1.1 Before work is started, the Contractor shall arrange with the 

Contracting Officer a sequence of procedure, means of access, space for 

storage of materials and equipment, and the use of approaches, corridors, 

stairways, roads and truck gates. 

 

1.8.1.2 Contractor shall make provisions to maintain occupied areas of any 

building under repair at no less than 65 degrees F and no warmer than 85 

degrees F. Unoccupied areas shall be maintained above 40 degrees F to 

prevent freezing of water lines and fire protection systems.  

 

1.8.1.3 Temporary heating, if required, shall be UL approved electric 

heaters and shall be physically monitored at least every 4 hours. 

 

1.9 PROTECTION OF EXISTING GOVERNMENT PROPERTY AND EXISTING WORK  

1.9.1 In addition to FAR 52.236-9 the Contractor shall conduct all 

operations in such a manner as to prevent injury or damage to government 

property and any portions of the existing work which are to remain. This 

requirement is not limited to just the project site but includes 

landscaping, curbs, pavements, and utilities adjacent to the site as well as 

along routes to and from the site. Where any ambiguity exists, the 

contractor shall request clarification from the Contracting Officer before 

beginning work.  

1.9.2 Contractor shall make repairs to or replace portions of existing work 

that is damaged or altered during construction operations to match existing 

or adjoining work, as approved by the Contracting Officer. At the completion 

of operations, existing work shall be in a condition equal to or better than 

that which existed before new work started.  

 

1.9.3 In the event the contractor fails or refuses to make satisfactory 

repairs or replacements to property damaged by the contractor under this 

contract the government will have the repairs made and charge the cost to 

the contractor.   

 

1.10 ON-SITE PERMITS  

1.10.1 Excavation Permits  

1.10.1.1 Notify the Contracting Officer prior to notice to proceed of 

anticipated excavation and intended routes and methods.  At least 30 days 

prior to excavating, the contractor shall obtain a template of the Base 

Civil Engineering Excavation Permit. Forms are available from the Red Stake 

Office in Building 593 South.  Provide the filled out permit to the Civil 

Engineering Project Manager no less than 21 days prior to starting 

excavation work.  The contractor shall field mark the area of all intended 

excavations and alignment of new utility lines with flags or non-permanent 



Hill Air Force Base, UT, Building 591      HILL591 

Section 01 00 00 Page 12 

 

white paint. The project manager will notify the contractor when the permit 

is complete and excavation can begin. (For work at Utah Test and Training 

Range UTTR Civil Engineering Office permits can be obtained by calling 801-

777-1577) 

1.10.1.2 The Contractor shall protect from damage all existing improvements 

and utilities at or near the work site, and on adjacent property of a third 

party, the locations of which are made known to or should be known by the 

Contractor. 

1.10.1.3 The Contractor shall repair any damage to those facilities, 

including those that are the property of a third party, resulting from 

failure to obtain necessary permits and utility marking or failure to 

exercise reasonable care in performing the work. This includes irrigation 

lines and sprinkler components. If the Contractor fails or refuses to 

repair the damage promptly, the Contracting Officer may have the necessary 

work performed and charge the cost to the Contractor. 

1.10.1.4 The Contractor shall verify the elevations of existing piping, 

utilities, and any type of underground obstruction not indicated or 

specified to be removed but indicated in locations to be crossed by piping, 

ducts, and other work to be installed. Verify elevations before installing 

new work closer than nearest manhole or other structure at which an 

adjustment in grade can be made.  

a. Hand digging shall be required to locate utilities shown on the 

contract drawings, Excavation Permit, or 3 feet on either side of 

locations identified by Base Maintenance Shops.  For facilities that 

store munitions, hand digging is required within 10 feet of the bldg to 

locate the existing grounding cable. 

b. All excavation work within 15 feet of a Questar high-pressure 

natural gas distribution line will require Questar Gas 
technicians to be on-site during the excavation.  Contractor shall 

coordinate this through Blue Stakes. 

1.10.2 Utility Outage Requests. 

1.10.2.1 Notify the Contracting Officer representative prior to anticipated 

utility outages and closures of streets, parking lots, and pedestrian 

walkways. Work shall be scheduled to hold outages to a minimum. Utility 

outages and connections required during the prosecution of work that affect 

existing systems shall be arranged for at the convenience of the Government 

and shall be scheduled on weekends unless otherwise approved by the 

Contracting Officer. Contractor shall not be entitled to additional payment 

for utility outages and connections required to be performed outside the 

regular work hours. All utility outages shall be of as short duration as 

possible and scheduled as far in advance as possible but in no case less 

than 24 calendar days prior to the outage or closure.  Schedule with the 

Air Force Project Manager.  The Contractor shall obtain in writing from the 

Project Manager a statement or schedule giving the permissible times for 

the outage or closure for particular installations and the maximum time 

allowed for such outage or closure. Permits shall be posted at a 

conspicuous location in the construction area. 

1.10.3 Utility Connection Requests. 
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1.10.3.1 Utility connections required during the prosecution of work that 

affect existing systems regardless of necessity for a utility outage shall 

be arranged for at the convenience of the Government and shall be scheduled 

on weekends unless otherwise approved by the Contracting Officer. All newly 

installed underground utilities shall include tracer wire and marking strip 

and be surveyed by HAFB before the utilities are buried.  Provide at least 

a 7-day advance notice of utility connections when an outage is not 

required. Comply with paragraph governing utility outages otherwise. 

1.10.3.2 Provide 48 hours of advance notice to the Project Manager when new 

utility lines will be ready for inspection and surveying.  The Contractor 

shall uncover any utility lines buried prior to notification. Contractor 

shall not be entitled to additional payment for uncovering and reburying 

any utility lines that were covered prior to providing this 48-hour notice. 

 

 

1.10.4 Burning Permits. 

OPEN BURNING OF ANY SORT IS STRICTLY PROHIBITED. 

1.10.5 Welding, Cutting and Brazing Permits. 

Air Force (AF) Form 592 is required daily for all welding, cutting, 

brazing, soldering and similar hot work. The form shall be properly filled 

out and displayed while all hot work is underway.  The Contractor will be 

required to attend the Welding, Cutting, Brazing certification class prior 

to construction startup. This class is conducted on the first Thursday of 

every month and the Base Fire Station Bldg 9.    

1.10.6 Street Closures. 

The contractor shall obtain approval in writing from the Project Manager 

before closing any street or parking lot. Submit requests at least 15 days 

in advance.  Include the length to be closed and the length of time of the 

closure. 

1.10.7 Photography in Restricted/Controlled Areas 

Photography is normally not authorized in restricted/controlled areas. In 

fact, all cameras and other picture taking devices (cell phones with 

picture taking capability) are strictly prohibited from use within 

restricted/controlled areas. However, if a valid need exists, permission 

can be obtained in writing by a commander, deputy or authorized 

representative of the restricted/controlled area. Each unit with entry 

approving authority will manage a Photo Authorization. The request must be 

submitted to the base project manager and processed/approved through the 

owner/user responsible for the area no later than 24 hours prior to the 

requested photography date.  The contractor shall have the Photo 

Authorization in his/her possession while taking photographs. The 

contractor shall only photograph authorized construction activities at 

their job site and is cautioned against photographing sensitive areas in 

the background. 

1.11 SAFETY. 

1.11.1 Governmental Requirements for Construction Safety are given in 

section 01 35 26 GENERAL SAFETY REQUIREMENTS. In addition to the 



Hill Air Force Base, UT, Building 591      HILL591 

Section 01 00 00 Page 14 

 

requirements listed in that section the contractor shall provide and 

maintain work environments and procedures which will; 

a. Safeguard the public and Government personnel, property, materials, 

supplies, and equipment exposed to Contractor operations and 

activities. 

b. Avoid interruptions of Government operations and delays in project 

completion dates. 

c. Comply with all pertinent provisions of the latest version of U.S. Army 

Corps of Engineers Safety and Health Requirements Manual, EM 385-1-1, 

in effect on the date of the solicitation.  

d. Comply with the standards issued by the Secretary of Labor at 29 CFR 

Part 1926 and 29 CFR Part 1910. 

1.11.2 Whenever the Contracting Officer becomes aware of any noncompliance 

with these requirements or any condition which poses a serious or imminent 

danger to the health or safety of Contractor personnel, the public or 

Government personnel, the Contracting Officer shall notify the Contractor 

orally, with written confirmation, and request immediate initiation of 

corrective action. This notice, when delivered to the Contractor or the 

Contractor’s representative at the work site, shall be deemed sufficient 

notice of the noncompliance and that corrective action is required. After 

receiving the notice, the Contractor shall immediately take corrective 

action. If the Contractor fails or refuses to promptly take corrective 

action, the Contracting Officer may issue an order stopping all or part of 

the work until satisfactory corrective action has been taken. The 

Contractor shall not be entitled to any equitable adjustment of the 

contract price or extension of the performance schedule on any stop work 

order so issued. 

 

1.12. ENVIRONMENTAL PROTECTION  

 

1.12.1 Requirements for environmental protection and hazardous materials are 

given in detail in section 01 57 20 ENVIRONMENTAL PROTECTION. In addition to 

the requirements listed in that section The Contractor shall, without 

additional expense to the Government, be responsible for obtaining any 

necessary licenses and permits, and for complying with any Federal, State, 

and municipal laws, codes, and regulations applicable to the performance of 

the work. The Contractor shall also be responsible for all damages to 

persons or property that occur as well as any fines levied as a result of 

the Contractor’s fault or negligence. The Contractor shall be responsible 

for all materials delivered and work performed until completion and 

acceptance of the entire work, except for any completed unit of work which 

may have been accepted under the contract. 

 

 

1.13. SALVAGE MATERIAL AND WORKSITE CLEANUP  

 

1.13.1 The Contractor shall at all times keep the work area, including 

storage areas, free from accumulations of waste materials and obstructions. 

At the end of each workday and at project completion, the Contractor shall 

leave the work area in a clean, neat, and orderly condition satisfactory to 
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the Contracting Officer. Before completing the work, the Contractor shall 

remove from the work site any rubbish, tools, scaffolding, equipment, and 

materials that are not the property of the Government.  

 

a. All excavated material (soil, asphalt, concrete, etc.) and 

construction/demolition debris shall be managed in accordance with 

Section 01 57 20 ENVIRONMENTAL PROTECTION.  

 

 

b. All fire alarm control panels (FACP), Monaco Radio Fire Alarm 

Transceivers (BT), Vindicator Intrusion Detection Panels (IDS) and 

Vindicator Card Access Systems (ACSYS) to be removed under this 

contract shall remain property of the government and shall be delivered 

to the Civil Engineering Electronics Shop (Bldg 597).  Cabinets will be 

delivered with all electronics and internal wiring intact.  However, 

the batteries in the cabinets will be removed by the contractor and 

disposed of as hazardous waste as required under Section 01 57 19 

ENVIRONMENTAL PROTECTION. 

 

1.14. USE OF UTILITIES. 

1.14.1 In general, the contractor will be allowed the use of electrical, and 

natural gas utilities without reimbursement while performing work under this 

contract, if available. In rare cases, the government may require 

reimbursement as when extensive temporary heating is required. In such 

cases, rates for utility costs will be established at the time of award.   

 

a. Toilet facilities on the site may be used by the workers subject to the 

regulation of the Government. 

1.14.2 The contractor may use water from fire hydrants after obtaining a 

Hydrant Use Permit from the utility system owner, American Water, provided 

that the hydrant is not listed as prohibited use. The contractor shall 

provide a reduced pressure principle backflow assembly to attach to the 

fire hydrant, or a physical air gap permanently attached to a water tank. 

Backflow assemblies shall be listed on the Utah Division of Drinking Water 

Approved Backflow Prevention Assemblies/Devices list, and be tested and 

approved by a certified backflow technician prior to use. The contractor 

will be responsible for providing adequate freeze protection for the fire 

hydrant and the backflow assembly during cold weather. 

 

1.15. CONTRACTOR BASE CREDENTIALS. 

1.15.1 Base Identification Badges 

 

To obtain base identification, Defense Biometric Identification System 

(DBIDS) badge, for contractor personnel the prime Contractor shall submit a 

written request on company letterhead stationery, if available, to the 

Contracting Officer specifying the following: 

 a. Contract number including delivery order if applicable. 

 b. Location of the work. 



Hill Air Force Base, UT, Building 591      HILL591 

Section 01 00 00 Page 16 

 

 c. Date entry to the base required and contemplated 

termination date of entry. 

 d. Names of contractor and subcontractor employee requiring 

access to the base. 

 e. The name of the individual who will submit the Request of 

Identification Credentials for each employee for whom 

identification credentials are needed. 

The Contracting Officer will: 

 a. Endorse the request. 

 b. Attach a copy of the contract cover page and any other 

pages that provide performance information, such as the 

need for and duration of access to the work site. 

 c. Forward this request to the Security Forces, Pass and 

Registration Office of the installation where the work is 

to be performed. 

 d. Provide the Prime Contractor blank application for AFMC 

Identification Card, HILLAFB FORM 496. 

 

The Prime Contractor shall be required to complete and submit HILLAFB FORM 

496, for each of the firm's employees and for each subcontractor employee 

who must have access to the installation.  For contracts, 90 days or less 

contractor employees will be issued a temporary pass, AF Form 75, unless the 

work is in a controlled or restricted area.  Those with temporary passes 

will require a sponsor.  Contractor sponsors are limited to management, 

superintendents and QC/Safety managers.  Sponsors may escort up to five 

individuals.  For contracts in a controlled or restricted area or greater 

than 90 days an AFMC Form 387 will be issued.  

 

1.15.2 Vehicle Pass 

 

The Prime Contractor shall also request AF Form 75, Visitor/Vehicle Pass or 

DD Form 2220, DoD Registered Vehicle, for vehicle decals when the HILLAFB 

FORM 496 is submitted.  To obtain the vehicle decal from the Security 

Forces, Pass and Registration Office, the Contractor shall produce: 

(1) A valid driver’s license. 

(2) Proof of financial responsibility or insurance, which meets 

the minimum requirements of the contract clause, entitled 

"Required Insurance." 

(3) Current vehicle registration. 

(4) Proof of Davis County emissions certification if the vehicle 

is not registered in a county within the State of Utah, which 

requires emissions testing. 

 

 



Hill Air Force Base, UT, Building 591      HILL591 

Section 01 00 00 Page 17 

 

 

1.15.3 Controlled Area Badges 

 

Follow the guidance in AFI 31-101, The Installation Security Program, when 

work under this contract requires entry to controlled area.  Badges will be 

issued to contractor employees including management, superintendents, 

QC/Safety managers and an appropriate numbers of escorts based on the size 

of the project.  Those with badges may request sponsorship and escort up to 

seven individuals.  The visitors and sponsor must sign the Visitor Register 

Log, AF1109 which must be maintained by the sponsor if not available at the 

gate access point. All visitors to a Munitions Storage Area (MSA) including 

those on a Visitor Access List (VAL) must have an Explosive Safety 

Certificate. The certificate is obtained by attending the Explosive Safety 

Briefing, which is conducted by the Weapons Safety Monitor, Rick Stong, Bldg 

180 Room 232 on Mondays at 1430 hours (On Tuesday if Monday is a holiday). 

Contractor employees without a controlled area badge are required to be 

escorted by a contractor employee with a Controlled Area badge, at all 

times, in and out of controlled areas.  The Prime Contractor is required to 

submit a list of each of their employees and each subcontractor employee who 

must have a controlled area badge.  The list shall be submitted to the Base 

project manager and must include names of the individuals, contract number, 

contract expiration date, project name and project number.  The project 

manager will forward the list to the Civil Engineering Security Manager, 

Iris Carpenter.  After the security manager receives authorization from the 

project manager, the Contractor will schedule an appointment with the 

Security Manager 2-3 days in advance.  All contractor personnel on the list 

must meet with the Security Manager and bring their DBIDS badge, Social 

Security Number, proof of U.S. citizenship, other previously issued 

Controlled area badges with related contract and expiration date information 

and an Explosive Safety Certificate, if applicable. The Security Manager 

will generate the AF Form 2586 for each contractor employee during their 

appointment.  The Contractor shall then submit the forms to the Security 

Forces, Pass and Registration Office Bldg 430.  Upon issuance of the 

appropriate Controlled Area badge, the Contractor shall return the original 

completed AF Form 2586 to the Security Manager for accountability. 

 

1.15.4 Vindicator Cards 

Vindicator cards will only be issued to those with controlled area badges.  

The Contractor will provide required access location(s) on the Controlled 

area badge request.  The Base project manager will provide Vindicator cards 

to the Contractor upon request.  The project manager will request designated 

points of access to the Civil Engineering Security Manager.  The Security 

Manager will key-in access pertaining to the cards issued under his 

authorization.  For areas unauthorized by the Security Manager, the project 

manager will take the requests to facility/security manager who controls the 

access point. 

 

1.15.5 Restricted Area Badge 

 

When contract performance requires entry (no access to classified 

information) to a "Restricted Area" on a military installation, 

contractor personnel requiring entry must meet the investigative 

requirements of AFI 31-501, USAF Personnel Security Program.  Contractor 

employees not meeting these requirements will be provided escort as 

determined by the Contracting Officer in coordination with the Chief, 

Security Forces Division of the military installation involved.  

Contractors will not be grated unescorted entry in to a Restricted Area.  
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A Free Zone or Security Forces temporarily modified boundary will be 

required for access.  If a free zone is not used then the contractor must 

be escorted by the user. 

 

 

1.15.6 Free Zone 

 

If it becomes necessary to establish a free zone for the Contractor, it must 

be approved in writing by the installation commander.  The free zone must 

have clearly defined boundaries.  It is recommended the free zone begin at 

some point in the boundary of the controlled area, which enables entry by 

the Contractor and other authorized personnel.  The free zone must be closed 

during non-duty hours.  The boundaries of the free zone must be under 

surveillance by the OPR for the area or designated responsible activity.  

The contractor shall not permanently alter any surface in the controlled 

area when establishing a free zone such as drilling holes in pavements for 

temporary fencing or drilling holes in walls and floors for other barriers. 

 

1.15.7 Any non-US citizen not in possession of a “Green Card” will not be 

allowed access on base without the Contracting Officer first clearing the 

employee through the Foreign Disclosure Office OO-ALC/LGMS, Bldg 1209, 777-

6857 or 777-6858. 

1.15.8 Contractor employees, at all times while on a military installation, 

shall wear visible contractor-provided identification either as a part of, 

or attached to, their outer clothing.  The identification shall clearly 

identify the individual as being a contractor employee. 

1.15.9 During performance of the contract, the Contractor shall be 

responsible for obtaining required identification for newly assigned 

personnel 

1.15.10 At the termination or completion of the contract, or upon the 

expiration of credentials (if any such expirations are specified), the 

Contractor must ensure that all DBIDS cards and vehicle registration decals 

for all contractor and subcontractor employees are returned to the 

Contracting Officer and that all Controlled area badges and Vindicator cards 

are returned to the base project manager.  The project manager will in turn 

return these to the Security Manager. 

1.15.11 Prior to submitting an invoice for final payment, the Prime 

Contractor shall obtain a clearance certification from the contracting 

officer which states that all base identification credentials and vehicle 

decals have been returned or "accounted for."  This certification shall be 

attached to the final invoice at the time of submittal for payment.  Failure 

to comply with these requirements will result in withholding final payment. 

1.15.12 If it becomes necessary for the Contractor to enter any unmanned 

base entry gate, they must first contact 75 SFS/SFO at 777-5531.  If the 

Contractor assumes custody or control of a particular gate, they will 

insure: 

1. Only cleared contractor personnel for that respective project gain 

access to the base through that gate. 
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2. Lock and Key Control will be established in such a manner as to 

clearly define an audit trail of who have keys to the gates and 

the times the gates are opened and closed, 24 hours a day. 

1.15.13 Operations Security (OPSEC) is required to protect critical 

information. 

 

1.16 STORAGE 

1.16.1 In accordance with general provisions entitled Operations and Storage 

Areas (FAR 52.236-10) the Contractor shall confine all operations (including 

storage of materials) on Government premises to areas authorized or approved 

by the Contracting Officer. The Contractor shall hold and save the 

Government, its officers and agents, free and harmless from liability of any 

nature occasioned by the Contractor’s performance. 

1.16.2 Temporary buildings (construction trailers, storage sheds, shops, 

offices) are not permitted unless approved in advance by Contracting Officer 

and shall be built with labor and materials furnished by the Contractor 

without expense to the Government. The temporary buildings and utilities 

shall remain the property of the Contractor and shall be removed by the 

Contractor at its expense upon completion of the work.  

1.16.3 The Contractor shall, under regulations prescribed by the Contracting 

Officer, use only established roadways. When materials are transported in 

prosecuting the work, vehicles shall not be loaded beyond the loading 

capacity recommended by the manufacturer of the vehicle or prescribed by any 

Federal, State, or local law or regulation. When it is necessary to cross 

curbs or sidewalks, the Contractor shall protect them from damage. The 

Contractor shall repair or pay for the repair of any damaged curbs, 

sidewalks, or roads.  

1.16.4 Store materials to avoid hindering the work of other Contractors and 

to avoid damage or soiling of materials.  All materials and equipment shall 

be stored and handled to preclude the inclusion of foreign matter and damage 

by water or breakage.  Store packaged materials in original containers until 

ready for use.  Materials showing evidence of water or other damage shall be 

rejected and removed from the base.  All materials shall be stored as 

recommended by the manufacturer, unless specifically noted otherwise in the 

contract documents.   

1.16.5 When pipe and conduit are stored on the site, they shall be stored in 

racks or blocked to prevent rolling. 

1.16.6 When combustible materials are stored on the site they shall be 

stored in an OSHA approved combustible materials locker at least 50 feet (15 

meters) from all buildings unless otherwise specifically indicated by the 

Contracting Officer. 

1.16.7 It is the responsibility of the Contractor to secure all property 

within the construction site.  If government property is included, the 

Contractor must secure it also, and notify the Contracting Officer and the 

Civil Engineering Project Manager. 

1.16.8 The Contractor in the event of storing 1000 rounds or more of 

fastener gun charges shall obtain an explosive license from the Civil 
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Engineering Weapons Safety Manager in order to comply with regulations. 

 

1.17 CONSTRUCTION INSPECTION FAR 52.246-12 

1.17.1 The Contractor shall maintain an adequate inspection system and 

perform such inspections as will ensure that the work performed under the 

contract conforms to contract requirements. The Contractor shall maintain 

complete inspection records and make them available to the Government. All 

work shall be conducted under the general direction of the Contracting 

Officer and is subject to Government inspection and test at all places and 

at all reasonable times before acceptance to ensure strict compliance with 

the terms of the contract. “Work” includes, but is not limited to, 

materials, workmanship, and manufacture and fabrication of components. 

1.17.2 Government inspections and tests are for the sole benefit of the 

Government and do not; 

(1) Relieve the Contractor of responsibility for providing 

adequate quality control measures; 

(2) Relieve the Contractor of responsibility for damage to or 

loss of the material before acceptance; 

(3) Constitute or imply acceptance; or 

(4) Affect the continuing rights of the Government after 

acceptance of the completed work under paragraph (i) of this 

section. 

1.17.3 The presence or absence of a Government inspector does not relieve 

the Contractor from any contract requirement, nor is the inspector 

authorized to change any term or condition of the specification without the 

Contracting Officer’s written authorization. 

1.17.4 The Contractor shall promptly furnish, at no increase in contract 

price, all facilities, labor, and material reasonably needed for performing 

such safe and convenient inspections and tests as may be required by the 

Contracting Officer. The Government may charge to the Contractor any 

additional cost of inspection or test when work is not ready at the time 

specified by the Contractor for inspection or test, or when prior rejection 

makes re-inspection or retest necessary. The Government shall perform all 

inspections and tests in a manner that will not unnecessarily delay the 

work. Special, full size and performance tests shall be performed as 

described in the contract. 

1.17.5 The Contractor shall, without charge, replace or correct work found 

by the Government not to conform to contract requirements, unless in the 

public interest the Government consents to accept the work with an 

appropriate adjustment in contract price. The Contractor shall promptly 

segregate and remove rejected material from the premises. 

1.17.6 If the Contractor does not promptly replace or correct rejected work, 

the Government may; 

(1) By contract or otherwise, replace or correct the work and 

charge the cost to the Contractor; or 
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(2) Terminate for default the Contractor’s right to proceed. 

1.17.8 If, before acceptance of the entire work, the Government decides to 

examine already completed work by removing it or tearing it out, the 

Contractor, on request, shall promptly furnish all necessary facilities, 

labor, and material. If the work is found to be defective or nonconforming 

in any material respect due to the fault of the Contractor or its 

subcontractors, the Contractor shall defray the expenses of the examination 

and of satisfactory reconstruction. However, if the work is found to meet 

contract requirements, the Contracting Officer will make an equitable 

adjustment for the additional services involved in the examination and 

reconstruction, including, if completion of the work was thereby delayed, an 

extension of time. 

1.17.9 Unless otherwise specified in the contract, the Government will 

accept, as promptly as practicable after completion and inspection, all work 

required by the contract or that portion of the work the Contracting Officer 

determines can be accepted separately. Acceptance shall be final and 

conclusive except for latent defects, fraud, gross mistakes amounting to 

fraud, or the Government’s rights under any warranty or guarantee. 

 

1.18 WARRANTIES  

1.18.1 In addition to any other warranties in this contract, the Contractor 

warrants that work performed under this contract conforms to the contract 

requirements and is free of any defect in equipment, material, or 

workmanship performed by the Contractor or any subcontractor or supplier at 

any tier. 

1.18.2 This warranty shall continue for a period of 1 year from the date of 

final acceptance of the work. If the Government takes possession of any part 

of the work before final acceptance, this warranty shall continue for a 

period of 1 year from the date the Government takes possession. 

1.18.3 The Contractor shall remedy at the Contractor’s expense any failure 

to conform to the contract requirements, or any defect of equipment, 

material, workmanship, or contractor furnished design. In addition, the 

Contractor shall remedy at the Contractor’s expense any damage to 

Government-owned or controlled real or personal property, when that damage 

is the result of the Contractor’s failure to conform to contract or results 

from a defect of equipment, material, workmanship, or contractor furnished 

design. 

1.18.3.1 The Contractor shall restore any work damaged in fulfilling the 

terms and conditions of this clause. The Contractor’s warranty with 

respect to work repaired or replaced will run for 1 year from the date of 

repair or replacement. 

1.18.4 The Contracting Officer shall notify the Contractor, in writing, 

within a reasonable time after the discovery of any failure, defect, or 

damage. 

1.18.5 If the Contractor fails to remedy any failure, defect, or damage 

within a reasonable time after receipt of notice, the Government shall have 

the right to replace, repair, or otherwise remedy the failure, defect, or 

damage at the Contractor’s expense. 
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1.18.6 With respect to all warranties, express or implied, from 

subcontractors, manufacturers, or suppliers for work performed and materials 

furnished under this contract, the Contractor shall; 

a. Obtain all warranties that would be given in normal commercial 

practice; 

b. Require all warranties to be executed, in writing, for the benefit of 

the Government, if directed by the Contracting Officer; and 

c. Enforce all warranties for the benefit of the Government, if directed 

by the Contracting Officer. 

1.18.7 In the event the Contractor’s warranty under paragraph (b) of this 

clause has expired, the Government may bring suit at its expense to enforce 

a subcontractor’s, manufacturers, or supplier’s warranty. 

1.18.8 Unless a defect is caused by the negligence of the Contractor or 

subcontractor or supplier at any tier, the Contractor shall not be liable 

for the repair of any defects of material or design furnished by the 

Government nor for the repair of any damage that results from any defect in 

Government-furnished material or design. 

1.18.9 This warranty shall not limit the Government’s rights under the 

Inspection and Acceptance clause of this contract with respect to latent 

defects, gross mistakes, or fraud. 

 

1.19 TESTING 

1.19.1 All tests required by this contract are the sole responsibility of 

the contractor unless expressly stated otherwise. The Contractor shall 

notify the Civil Engineering Project Manager at least 24 hours in advance of 

any testing. 

1.19.2 The Contractor shall submit test reports to the Civil Engineering 

Project Manager in not more than 7 days following test completion. 

The Contractor shall not proceed with any work, which would cover up the 

work being tested until the work being tested has been approved by the 

Contracting Officer. 

 

1.20 TRANSFER AND ACCEPTANCE OF MILITARY REAL PROPERTY 

At the completion of the project, the contractor shall finalize the DD Form 

1354 including the attached DD Form 1354 Checklist.  Instructions to complete 

the DD Form 1354 are contained in Unified Facilities Criteria (UFC) 1-300-08. 

 

1.21 CONTRACT CLOSEOUT.  

1.21.1 Closeout procedure. 
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a. Pre-final Inspections. The Contractor shall notify the Contracting 

Officer at least 5 working days in advance that his contract is 

complete and is ready for a pre-final inspection.  Before a pre-final 

inspection will be scheduled, all work must be complete and the 

following items submitted for review: 

 1. Test & Balance Reports,  

 2. O&M Manuals. 

 3. O&M training completed. 

 4. DD Form 1354. 

 5. Commissioning Completed and report submitted.  

6. List of installed equipment furnished under this contract. Include 

nameplate information, location (room number), model number, serial 

number, capacity, manufacturer, equipment supplier, spare parts list, 

warranty etc. 

b. Final Inspections. Contractor shall remedy all deficiencies identified 

in the pre-final inspection and notify the Contracting Officer a minimum of 

5 working days in advance of the date his contract will be completed and 

ready for a final inspection.  Upon completion of final inspection, and all 

deficiencies have been corrected, the Contractor shall have five working 

days to submit the following: 

 1. Warranty information  

 2. Complete As-Built Record Drawings.   

 3. The Contracting Officer will notify the Contractor in writing of 

additional items to be completed or corrected and any deficiencies 

remaining on the project. The contract will not be closed nor final 

payment made until all items have been received.  

 

 

 

 

-- End of Section 01 00 00 – 

GENERAL REQUIREMENTS  
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SECTION 01 32 00 

PROJECT SCHEDULE  

 

PART 1 GENERAL  

1.1 GENERAL REQUIREMENTS. 

 

The contractor shall, within 10 days of receiving notice to proceed, prepare 

and submit for approval a Contract Progress Schedule (AF Form 3064), as 

specified herein, pursuant to FAR 52.236-15. Show in the schedule the 

sequence in which the Contractor proposes to perform the work and dates on 

which the Contractor contemplates starting and completing all schedule 

activities. The scheduling of the entire project, including the design and 

construction sequences, is required.  

 

1.1.1 Approved Project Schedule  

The Government will use the approved Contract Progress Schedule to measure 

the progress of the work and to aid in evaluating time extensions. The 

schedule will provide the basis for all progress payments. If the 

Contractor fails to submit a progress schedule within the time prescribed, 

the Contracting Officer may withhold approval of progress payments until 

submitted and approved.  

Group activities by type of funding when multiple funding sources are used 

in the contract bid requirements. Such funding may types include but are 

not limited to: Repair, Minor Construction and Equipment. Failure of the 

Contractor to provide all required information will result in the 

disapproval of the proposed schedules. In the event schedule revisions are 

directed by the Contracting Officer and those revisions have not been 

included in subsequent revisions or updates, the Contracting Officer may 

hold retainage up to the maximum allowed by contract, each payment period, 

until such revisions to the Project Schedule have been made.  

1.1.1.1 The Contractor shall use the approved Contract Progress Schedule 

as the basis for determining contract earnings during each billing period 

for each progress payment.  

1.1.1.2 Activity cost loading shall be reasonable, as determined by the 

Contracting Officer. The aggregate value of all activities coded to a 

contract CLIN shall equal the value of the CLIN in the bid documents. 

1.1.2 Schedule Status Reports  

Contractor shall provide Contract Progress Reports using Air Force Form 3065 

on a monthly basis. If, in the opinion of the Contracting Officer, the 

Contractor falls behind the approved schedule, the Contractor shall take 

steps necessary to improve its progress including those that may be required 

by the Contracting Officer, without additional cost to the Government. In 

this circumstance, the Contracting Officer may require the Contractor to 

increase the number of shifts, overtime operations, days of work, and/or the 

amount of construction plant, and to submit for approval any supplementary 

schedule or schedules as the Contracting Officer deems necessary to 

demonstrate how the approved rate of progress will be regained.  
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1.1.3 Default Terms  

Failure of the Contractor to comply with the requirements of the Contracting 

Officer shall be grounds for a determination, by the Contracting Officer, 

that the Contractor is not prosecuting the work with sufficient diligence to 

ensure completion within the time specified in the contract. Upon making 

this determination, the Contracting Officer may terminate the Contractor's 

right to proceed with the work, or any separable part of it, in accordance 

with the default terms of the contract.  

PART 2 PRODUCTS 

 Not Used. 

 

PART 3 EXECUTION 

3.1 CONTRACT PROGRESS SCHEDULE DETAILED REQUIREMENTS  

Develop the Contract Progress Schedule to an appropriate level of detail. 

Failure to develop the Project Schedule to an appropriate level of detail, 

as determined by the Contracting Officer, will result in its disapproval. 

The following characteristics will be used to determine appropriate level of 

detail:  

3.1.1 Activity Durations  

Reasonable activity durations are those that allow the progress of ongoing 

activities to be accurately determined between update periods. Less than 2 

percent of all non-procurement activities shall have Original Durations (OD) 

greater than 20 work days or 30 calendar days.  

3.1.2 Procurement Activities  

The schedule must include activities associated with the submittal, 

approval, procurement, fabrication and delivery of materials, equipment, 

fabricated assemblies and supplies. A typical procurement sequence 

includes the string of activities: submit, approve, procure, fabricate, 

and deliver.  

3.1.3 Other Mandatory Tasks  

The following tasks shall be included in the Contract Progress Schedule with 

appropriately scheduled time lines whenever the listed task is part of the 

contract requirement: 

a. Submission, review and acceptance of design packages.  

b. Submission of mechanical/electrical/information systems layout 

drawings.  

c. Submission and approval of O & M manuals.  

d. Submission and approval of as-built drawings.  

e. Submission and approval of DD Form 1354 data and installed equipment 

lists.   

f. Submission and approval of TAB specialist.  
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g. Submission and approval of fire protection specialist.  

h. Submission and approval of Commissioning Agent. 

i. Submission and approval of test and balance reports.  

j. Submission and approval of commissioning report.  

k. Controls testing plan submission.  

l. Controls testing.  

m. Performance Verification testing.  

n. Other systems testing, if required.  

o. Contractor's pre-final inspection.  

q. Correction of punch list items from Contractor's pre-final 

inspection.  

p. Government's pre-final inspection.  

q. Correction of punch list items from Government's pre-final 

inspection.  

r. Final inspection  

 

For projects up to $100,000.00, the progress schedule and progress report 

shall show 5.0% for submission of all items listed above. For projects 

between $100,000.00 and $500,000.00, the percentage will be 1.0% For projects 

over $500,000.00, the percentage will be 0.5%.  

 

 

3.2 CHANGES TO THE APPROVED PROGRESS SCHEDULE  

In response to each Request For Proposal issued by the Government, the 

Contractor shall submit a schedule impact analysis demonstrating whether or 

not the change contemplated by the Government impacts the critical path. 

Where such impact occurs the contractor shall include a request for time 

extension and upon approval, submit revised progress schedule reflecting 

the new time line. 

 

3.2.1 Requests for Time Extensions.  

 

In the event the Contractor believes it is entitled to an extension of the 

contract performance period, completion date, or any interim milestone 

date, furnish the following for a determination by the Contracting Officer: 

justification, project schedule data, and supporting evidence as the 

Contracting Officer may deem necessary. Submission of proof of excusable 

delay, based on revised activity logic, duration, and costs (updated to the 

specific date that the delay occurred) is a condition precedent to any 

approvals by the Government.  

 

  3.2.2 Justification for Delay. 

The project schedule shall clearly display that the Contractor has used, in 

full, all the float time available for the work involved with this request. 
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The Contracting Officer's determination as to the number of allowable days 

of contract extension shall be based upon the project schedule updates in 

effect for the time period in question, and other factual information. 

Actual delays that are found to be caused by the Contractor's own actions, 

which result in a calculated schedule delay, will not be a cause for an 

extension to the performance period, completion date, or any interim 

milestone date.  

  3.2.3 Submission Requirements  

Submit a justification for each request for a change in the contract 

completion date of less than 2 weeks based upon the most recent schedule 

update at the time of the NTP or constructive direction issued for the 

change. Such a request shall be in accordance with the requirements of 

other appropriate Contract Clauses and shall include, as a minimum:  

a. A list of affected activities, with their associated project 

schedule activity number.  

b. A brief explanation of the causes of the change.  

c. An analysis of the overall impact of the changes proposed.  

d. A sub-network of the affected area.  

 

3.3 DIRECTED CHANGES  

If the NTP is issued for changes prior to settlement of price and/or time, 

submit proposed schedule revisions to the Contracting Officer within 2 weeks 

of the NTP being issued. The Contracting Officer will approve proposed 

revisions to the schedule prior to inclusion of those changes within the 

project schedule. If the Contractor fails to submit the proposed revisions, 

the Contracting Officer may furnish the Contractor with suggested revisions 

to the project schedule. The Contractor shall include these revisions in the 

project schedule until revisions are submitted, and final changes and 

impacts have been negotiated. If the Contractor has any objections to the 

revisions furnished by the Contracting Officer, advise the Contracting 

Officer within 2 weeks of receipt of the revisions. Regardless of the 

objections, the Contractor shall continue to update the schedule with the 

Contracting Officer's revisions until a mutual agreement in the revisions is 

reached. If the Contractor fails to submit alternative revisions within 2 

weeks of receipt of the Contracting Officer's proposed revisions, the 

Contractor will be deemed to have concurred with the Contracting Officer's 

proposed revisions. The proposed revisions will then be the basis for an 

equitable adjustment for performance of the work. 

 

 

-- End of Section 01 32 01 – 

PROJECT SCHEDULE 
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PART 1 GENERAL 

 

1.1 REFERENCES 

1.2 DEFINITIONS 

1.2.1 Competent Person (CP) 

1.2.2 Competent Person, Confined Space 

1.2.3 Competent Person, Cranes and Rigging 
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Dredging 

1.7.1.5.4 Safety Personnel Training Requirements for Dredging 
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1.8.2 Plans 
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1.8.2.6 Fall Protection and Prevention (FP&P) Plan 
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1.10 DISPLAY OF SAFETY INFORMATION 
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1.13.5 Third Party Certification of Floating Cranes and 
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1.14 HOT WORK 
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1.14.2 Work Around Flammable Materials 

1.15 RADIATION SAFETY REQUIREMENTS 

1.15.1 Radiography Operation Planning Work Sheet 

1.15.2 Site Access and Security 

1.15.3 Loss or Release and Unplanned Personnel Exposure 

1.15.4 Site Demarcation and Barricade 

1.15.5 Security of Material and Equipment 

1.15.6 Transportation of Material 

1.15.7 Schedule for Exposure or Unshielding 

1.15.8 Transmitter Requirements 

1.16 CONFINED SPACE ENTRY REQUIREMENTS 
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Responders 
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1.17.1 Gas Test Readings Record 

1.17.2 Special Requirements 
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3.10.5 Testing 

 

-- End of Section Table of Contents -- 
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The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME) 

 

ASME B30.3 (2016) Tower Cranes 

 

ASME B30.5 (2018) Mobile and Locomotive Cranes 

 

ASME B30.7 (2011) Winches 

 

ASME B30.8 (2015) Floating Cranes and Floating 

Derricks 

 

ASME B30.9 (2018) Slings 

 

ASME B30.20 (2018) Below-the-Hook Lifting Devices 

 

ASME B30.22 (2016) Articulating Boom Cranes 

 

ASME B30.23 (2011) Personnel Lifting Systems Safety 

Standard for Cableways, Cranes, Derricks, 

Hoists, Hooks, Jacks, and Slings 

 

ASME B30.26 (2015; INT Jun 2010 - Jun 2014) Rigging 

Hardware 
 

AMERICAN SOCIETY OF SAFETY PROFESSIONALS (ASSP) 

 

ASSP A10.22 (2007; R 2017) Safety Requirements for 

Rope-Guided and Non-Guided Workers’ Hoists 

 

ASSP A10.34 (2001; R 2012) Protection of the Public on 

or Adjacent to Construction Sites 

 

ASSP A10.44 (2014) Control of Energy Sources 

(Lockout/Tagout) for Construction and 

Demolition Operations 

 

ASSP Z244.1 (2016) The Control of Hazardous Energy 

Lockout, Tagout and Alternative Methods 

 

ASSP Z359.0 (2012) Definitions and Nomenclature Used 

for Fall Protection and Fall Arrest 

 

ASSP Z359.1 (2016) The Fall Protection Code 
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ASSP Z359.2 (2017) Minimum Requirements for a 

Comprehensive Managed Fall Protection 

Program 

 

ASSP Z359.3 (2017) Safety Requirements for Lanyards 

and Positioning Lanyards 

 

ASSP Z359.4 (2013) Safety Requirements for 
Assisted-Rescue and Self-Rescue Systems, 

Subsystems and Components 

 

ASSP Z359.6 (2016) Specifications and Design 

Requirements for Active Fall Protection 

Systems 

 

ASSP Z359.7 (2011) Qualification and Verification 

Testing of Fall Protection Products 

 

ASSP Z359.11 (2014) Safety Requirements for Full Body 

Harnesses 

 

ASSP Z359.12 (2009) Connecting Components for Personal 

Fall Arrest Systems 

 

ASSP Z359.13 (2013) Personal Energy Absorbers and 

Energy Absorbing Lanyards 

 

ASSP Z359.14 (2014) Safety Requirements for 
Self-Retracting Devices for Personal Fall 

Arrest and Rescue Systems 

 

ASSP Z359.15 (2014) Safety Requirements for Single 

Anchor Lifelines and Fall Arresters for 

Personal Fall Arrest Systems 

 

ASSP Z490.1 (2016) Criteria for Accepted Practices in 

Safety, Health, and Environmental Training 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM F855 (2015) Standard Specifications for 

Temporary Protective Grounds to Be Used on 

De-energized Electric Power Lines and 

Equipment 

 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

 

IEEE 1048 (2003) Guide for Protective Grounding of 

Power Lines 

 

IEEE C2 (2017; Errata 1-2 2017; INT 1 2017) 
National Electrical Safety Code 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA) 

NASA NPR 8621.1 (2006b; Change 7) NASA Procedural 

Requirements for Mishap and Close Call 

Reporting, Investigating, and Recordkeeping 
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NASA NPR 8715.3 (2008c; Change 9) NASA General Safety 

Program Requirements 

 

NASA-STD 8719.12 (2018a) Safety Standard for Explosives, 

Propellants, and Pyrotechnics 

 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

 

NEMA Z535.2 (2011) Environmental and Facility Safety 

Signs 

 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

 

NFPA 10 (2018; TIA 18-1) Standard for Portable 

Fire Extinguishers 

 

NFPA 51B (2014) Standard for Fire Prevention During 

Welding, Cutting, and Other Hot Work 

 

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 

TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 

TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 

TIA 17-11; TIA 17-12; TIA 17-13; TIA 

17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 

National Electrical Code 
 

NFPA 70E (2018; TIA 18-1; TIA 81-2) Standard for 

Electrical Safety in the Workplace 
 

NFPA 241 (2019) Standard for Safeguarding 

Construction, Alteration, and Demolition 

Operations 

 

NFPA 306 (2019) Standard for the Control of Gas 

Hazards on Vessels 

 

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA) 

 

TIA-222 (2005G; Add 1 2007; Add 2 2009; Add 3 

2014; Add 4 2014; R 2014; R 2016) 
Structural Standards for Steel Antenna 

Towers and Antenna Supporting Structures 

 

TIA-1019 (2012; R 2016) Standard for Installation, 

Alteration and Maintenance of Antenna 

Supporting Structures and Antennas 

 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

 

EM 385-1-1 (2014) Safety and Health Requirements 

Manual 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

10 CFR 20 Standards for Protection Against Radiation 

 

29 CFR 1910 Occupational Safety and Health Standards 

 

29 CFR 1910.146 Permit-required Confined Spaces 
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29 CFR 1910.147 The Control of Hazardous Energy (Lock 

Out/Tag Out) 

29 CFR 1910.333 Selection and Use of Work Practices 

29 CFR 1915 Confined and Enclosed Spaces and Other 

Dangerous Atmospheres in Shipyard 

Employment 

29 CFR 1915.89 Control of Hazardous Energy 

(Lockout/Tags-Plus) 

29 CFR 1919 Gear Certification 

29 CFR 1926 Safety and Health Regulations for 

Construction 

29 CFR 1926.16 Rules of Construction 

29 CFR 1926.450 Scaffolds 

29 CFR 1926.500 Fall Protection 

29 CFR 1926.552 Material Hoists, Personal Hoists, and 

Elevators 

29 CFR 1926.553 Base-Mounted Drum Hoists 

29 CFR 1926.1400 Cranes and Derricks in Construction 

49 CFR 173 Shippers - General Requirements for 

Shipments and Packagings 
 

CPL 02-01-056 (2014) Inspection Procedures for Accessing 

Communication Towers by Hoist 

 

CPL 2.100 (1995) Application of the Permit-Required 

Confined Spaces (PRCS) Standards, 29 CFR 

1910.146 
 

1.2 DEFINITIONS 

 

1.2.1 Competent Person (CP) 

 

The CP is a person designated in writing, who, through training, knowledge 

and experience, is capable of identifying, evaluating, and addressing 

existing and predictable hazards in the working environment or working 

conditions that are dangerous to personnel, and who has authorization to 

take prompt corrective measures with regards to such hazards. 

 

1.2.2 Competent Person, Confined Space 

 

The CP, Confined Space, is a person meeting the competent person 

requirements as defined EM 385-1-1 Appendix Q, with thorough knowledge of 

OSHA’s Confined Space Standard, 29 CFR 1910.146, and designated in writing 

to be responsible for the immediate supervision, implementation and 

monitoring of the confined space program, who through training, knowledge 

and experience in confined space entry is capable of identifying, 
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evaluating and addressing existing and potential confined space hazards 

and, who has the authority to take prompt corrective measures with regard 

to such hazards. 

 

1.2.3 Competent Person, Cranes and Rigging 

 

The CP, Cranes and Rigging, as defined in EM 385-1-1 Appendix Q, is a 

person meeting the competent person, who has been designated in writing to 

be responsible for the immediate supervision, implementation and 

monitoring of the Crane and Rigging Program, who through training, 

knowledge and experience in crane and rigging is capable of identifying, 

evaluating and addressing existing and potential hazards and, who has the 

authority to take prompt corrective measures with regard to such hazards. 

 

1.2.4 Competent Person, Excavation/Trenching 

 

A CP, Excavation/Trenching, is a person meeting the competent person 

requirements as defined in EM 385-1-1 Appendix Q and 29 CFR 1926, who has 

been designated in writing to be responsible for the immediate 

supervision, implementation and monitoring of the excavation/trenching 

program, who through training, knowledge and experience in 

excavation/trenching is capable of identifying, evaluating and addressing 

existing and potential hazards and, who has the authority to take prompt 

corrective measures with regard to such hazards. 

 

1.2.5 Competent Person, Fall Protection 

 

The CP, Fall Protection, is a person meeting the competent person 

requirements as defined in EM 385-1-1 Appendix Q and in accordance with 

ASSP Z359.0, who has been designated in writing by the employer to be 

responsible for immediate supervising, implementing and monitoring of the 

fall protection program, who through training, knowledge and experience in 

fall protection and rescue systems and equipment, is capable of 

identifying, evaluating and addressing existing and potential fall hazards 

and, who has the authority to take prompt corrective measures with regard 

to such hazards. 

 

1.2.6 Competent Person, Scaffolding 

 

The CP, Scaffolding is a person meeting the competent person requirements 

in EM 385-1-1 Appendix Q, and designated in writing by the employer to be 

responsible for immediate supervising, implementing and monitoring of the 

scaffolding program. The CP for Scaffolding has enough training, 

knowledge and experience in scaffolding to correctly identify, evaluate 

and address existing and potential hazards and also has the authority to 

take prompt corrective measures with regard to these hazards. CP 

qualifications must be documented and include experience on the specific 

scaffolding systems/types being used, assessment of the base material that 

the scaffold will be erected upon, load calculations for materials and 

personnel, and erection and dismantling. The CP for scaffolding must have 

a documented, minimum of 8-hours of scaffold training to include training 

on the specific type of scaffold being used (e.g. mast-climbing, 

adjustable, tubular frame), in accordance with EM 385-1-1 Section 22.B.02. 

 

1.2.7 Competent Person (CP) Trainer 

 

A competent person trainer as defined in EM 385-1-1 Appendix Q, who is 

qualified in the material presented, and who possesses a working knowledge 

of applicable technical regulations, standards, equipment and systems 
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related to the subject matter on which they are training Competent 

Persons. A competent person trainer must be familiar with the typical 

hazards and the equipment used in the industry they are instructing. The 

training provided by the competent person trainer must be appropriate to 

that specific industry. The competent person trainer must evaluate the 

knowledge and skills of the competent persons as part of the training 

process. 

 

1.2.8 High Risk Activities 

 

High Risk Activities are activities that involve work at heights, crane 

and rigging, excavations and trenching, scaffolding, electrical work, and 

confined space entry. 

 

1.2.9 High Visibility Accident 

 

A High Visibility Accident is any mishap which may generate publicity or 

high visibility. 

 

1.2.10 Load Handling Equipment (LHE) 

 

LHE is a term used to describe cranes, hoists and all other hoisting 

equipment (hoisting equipment means equipment, including crane, derricks, 

hoists and power operated equipment used with rigging to raise, lower or 

horizontally move a load). 

 

1.2.11 Medical Treatment 

 

Medical Treatment is treatment administered by a physician or by 

registered professional personnel under the standing orders of a 

physician. Medical treatment does not include first aid treatment even 

when provided by a physician or registered personnel. 

 

1.2.12 Near Miss 

 

A Near Miss is a mishap resulting in no personal injury and zero property 

damage, but given a shift in time or position, damage or injury may have 

occurred (e.g., a worker falls off a scaffold and is not injured; a crane 

swings around to move the load and narrowly misses a parked vehicle). 

 

1.2.13 Operating Envelope 

 

The Operating Envelope is the area surrounding any crane or load handling 

equipment. Inside this "envelope" is the crane, the operator, riggers and 

crane walkers, other personnel involved in the operation, rigging gear 

between the hook, the load, the crane's supporting structure (i.e. ground 

or rail), the load's rigging path, the lift and rigging procedure. 

 

1.2.14 Qualified Person (QP) 

 

The QP is a person designated in writing, who, by possession of a 

recognized degree, certificate, or professional standing, or extensive 

knowledge, training, and experience, has successfully demonstrated their 

ability to solve or resolve problems related to the subject matter, the 

work, or the project. 

 

1.2.15 Qualified Person, Fall Protection (QP for FP) 

 

A QP for FP is a person meeting the requirements of EM 385-1-1 Appendix Q, 
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and ASSP Z359.0, with a recognized degree or professional certificate and 

with extensive knowledge, training and experience in the fall protection 

and rescue field who is capable of designing, analyzing, and evaluating 

and specifying fall protection and rescue systems. 

 

1.2.16 USACE Property and Equipment 

 

Interpret "USACE" property and equipment specified in USACE EM 385-1-1 as 

Government property and equipment. 

 

1.2.17 Load Handling Equipment (LHE) Accident or Load Handling Equipment 

Mishap 

 

A LHE accident occurs when any one or more of the eight elements in the 

operating envelope fails to perform correctly during operation, including 

operation during maintenance or testing resulting in personnel injury or 

death; material or equipment damage; dropped load; derailment; 

two-blocking; overload; or collision, including unplanned contact between 

the load, crane, or other objects. A dropped load, derailment, 

two-blocking, overload and collision are considered accidents, even though 

no material damage or injury occurs. A component failure (e.g., motor 

burnout, gear tooth failure, bearing failure) is not considered an 

accident solely due to material or equipment damage unless the component 

failure results in damage to other components (e.g., dropped boom, dropped 

load, or roll over). Document an LHE mishap or accident using the NAVFAC 

prescribed Navy Crane Center (NCC) accident form. Document an LHE mishap 

using the Crane High Hazard working group mishap reporting form. 

 

1.3 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

Accident Prevention Plan (APP); G 

SD-06 Test Reports 
 

Monthly Exposure Reports 

Notifications and Reports 

Accident Reports; G 

LHE Inspection Reports 

 

Gas Protection for NASA projects 

Dive Operations Plan; G 

SD-07 Certificates 
 

Contractor Safety Self-Evaluation Checklist 
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Crane Operators/Riggers 

Standard Lift Plan; G 

Critical Lift Plan; G 

Naval Architecture Analysis; G 

Activity Hazard Analysis (AHA) 

Confined Space Entry Permit 

Hot Work Permit 

Certificate of Compliance 

 

Third Party Certification of Floating Cranes and Barge-Mounted 

Mobile Cranes 

 

License Certificates 

 

Radiography Operation Planning Work Sheet; G 

Portable Gauge Operations Planning Worksheet; G 

Machinery & Mechanized Equipment Certification Form 

1.4 MONTHLY EXPOSURE REPORTS 

 

Provide a Monthly Exposure Report and attach to the monthly billing 

request. This report is a compilation of employee-hours worked each month 

for all site workers, both Prime and subcontractor. Failure to submit the 

report may result in retention of up to 10 percent of the voucher. 

 

1.5 CONTRACTOR SAFETY SELF-EVALUATION CHECKLIST 

 

Contracting Officer will provide a "Contractor Safety Self-Evaluation 

checklist" to the Contractor at the pre-construction conference. Complete 

the checklist monthly and submit with each request for payment voucher. 

An acceptable score of 90 or greater is required. Failure to submit the 

completed safety self-evaluation checklist or achieve a score of at least 

90 may result in retention of up to 10 percent of the voucher. 
 

1.6 REGULATORY REQUIREMENTS 

 

In addition to the detailed requirements included in the provisions of 

this contract, comply with the most recent edition of USACE EM 385-1-1, 

and the following federal, state, and local laws, ordinances, criteria, 

rules and regulations. Submit matters of interpretation of standards to 

the appropriate administrative agency for resolution before starting 

work. Where the requirements of this specification, applicable laws, 

criteria, ordinances, regulations, and referenced documents vary, the 

most stringent requirements govern. 

 

1.6.1 Subcontractor Safety Requirements 

 

For this contract, neither Contractor nor any subcontractor may enter into 

contract with any subcontractor that fails to meet the following 
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requirements. The term subcontractor in this and the following paragraphs 

means any entity holding a contract with the Contractor or with a 

subcontractor at any tier. 

 

1.6.1.1 Experience Modification Rate (EMR) 

 

Subcontractors on this contract must have an effective EMR less than or 

equal to 1.10, as computed by the National Council on Compensation 

Insurance (NCCI) or if not available, as computed by the state agency's 

rating bureau in the state where the subcontractor is registered, when 

entering into a subcontract agreement with the Prime Contractor or a 

subcontractor at any tier. The Prime Contractor may submit a written 

request for additional consideration to the Contracting Officer where the 

specified acceptable EMR range cannot be achieved. Relaxation of the EMR 

range will only be considered for approval on a case-by-case basis for 

special conditions and must not be anticipated as tacit approval. 

Contractor's Site Safety and Health Officer (SSHO) must collect and 

maintain the certified EMR ratings for all subcontractors on the project 

and make them available to the Government at the Government's request. 

 

1.6.1.2 OSHA Days Away from Work, Restricted Duty, or Job Transfer (DART) 

Rate 

 

Subcontractors on this contract must have a DART rate, calculated from the 

most recent, complete calendar year, less than or equal to 3.4 when 

entering into a subcontract agreement with the Prime Contractor or a 

subcontractor at any tier. The OSHA Dart Rate is calculated using the 

following formula: 

 

(N/EH) x 200,000 

 

where: 

 

N = number of injuries and illnesses with days away, restricted work, or 

job transfer 

 

EH = total hours worked by all employees during most recent, complete 

calendar year 

 

200,000 = base for 100 full-time equivalent workers (working 40 hours per 

week, 50 weeks per year) 

 

The Prime Contractor may submit a written request for additional 

consideration to the Contracting Officer where the specified acceptable 

OSHA Dart rate range cannot be achieved for a particular subcontractor. 

Relaxation of the OSHA DART rate range will only be considered for 

approval on a case-by-case basis for special conditions and must not be 

anticipated as tacit approval. Contractor's Site Safety and Health 

Officer (SSHO) must collect and maintain self-certified OSHA DART rates 

for all subcontractors on the project and make them available to the 

Government at the Government's request. 

 

1.7 SITE QUALIFICATIONS, DUTIES, AND MEETINGS 

 

1.7.1 Personnel Qualifications 

 

1.7.1.1 Site Safety and Health Officer (SSHO) 

 

Provide an SSHO that meets the requirements of EM 385-1-1 Section 1. The 
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SSHO must ensure that the requirements of 29 CFR 1926.16 are met for the 

project. Provide a Safety oversight team that includes a minimum of one 

(1) person at each project site to function as the Site Safety and Health 

Officer (SSHO). The SSHO or an equally-qualified Alternate SSHO must be 

at the work site at all times to implement and administer the Contractor's 

safety program and government-accepted Accident Prevention Plan. The SSHO 

and Alternate SSHO must have the required training, experience, and 

qualifications in accordance with EM 385-1-1 Section 01.A.17, and all 

associated sub-paragraphs. 

 

If the SSHO is off-site for a period longer than 24 hours, an 
equally-qualified alternate SSHO must be provided and must fulfill the 

same roles and responsibilities as the primary SSHO. When the SSHO is 

temporarily (up to 24 hours) off-site, a Designated Representative (DR), 

as identified in the AHA may be used in lieu of an Alternate SSHO, and 

must be on the project site at all times when work is being performed. 

Note that the DR is a collateral duty safety position, with safety duties 

in addition to their full time occupation. 

 

1.7.1.1.1 Additional Site Safety and Health Officer (SSHO) Requirements 

and Duties 

 

The SSHO may also serve as the Quality Control Manager. The SSHO may 

also serve as the Superintendent. 

 

The SSHO must have completed a 40 hour contract safety awareness course 

based on the content and principles of EM 385-1-1, and instructed in 

accordance with the guidelines of ASSP Z490.1, by a trainer meeting the 

qualifications of paragraph QUALIFIED TRAINER REQUIREMENTS. If the SSHO 

does not have a current certification, certification must be obtained 

within 60 days, maximum, of contract award. 

 

1.7.1.2 Competent Person Qualifications 

 

Provide Competent Persons in accordance with EM 385-1-1, Appendix Q and 

herein. Competent Persons for high risk activities include confined 

space, cranes and rigging, excavation/trenching, fall protection, and 

electrical work. The CP for these activities must be designated in 

writing, and meet the requirements for the specific activity (i.e. 

competent person, fall protection). 

 

The Competent Person identified in the Contractor's Safety and Health 

Program and accepted Accident Prevention Plan, must be on-site at all 

times when the work that presents the hazards associated with their 

professional expertise is being performed. Provide the credentials of the 

Competent Persons(s) to the the Contracting Officer for information in 

consultation with the Safety Office. 

 

1.7.1.2.1 Competent Person for Confined Space Entry 

 

Provide a Confined Space (CP) Competent Person who meets the requirements 

of EM 385-1-1, Appendix Q, and herein. The CP for Confined Space Entry 

must supervise the entry into each confined space in accordance with 

EM 385-1-1, Section 34. 
 

  Since this work involves operations that handle combustible or hazardous 

materials, this person must have the ability to understand and follow 

through on the air sampling, Personal Protective Equipment (PPE), and 

instructions of a Marine Chemist, Coast Guard authorized persons, or 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 01 35 26 Page 15 

 

 

Certified Industrial Hygienist. Confined space and enclosed space work 

must comply with NFPA 306, OSHA 29 CFR 1915, Subpart B, "Confined and 

Enclosed Spaces and Other Dangerous Atmospheres in Shipyard Employment," 

or as applicable, 29 CFR 1910.147 for general industry. 

 

1.7.1.2.2 Competent Person for Scaffolding 

 

Provide a Competent Person for Scaffolding who meets the requirements of 

EM 385-1-1, Section 22.B.02 and herein. 

 

1.7.1.2.3 Competent Person for Fall Protection 

 

Provide a Competent Person for Fall Protection who meets the requirements 

of EM 385-1-1, Section 21.C.04, 21.B.03, and herein. 

 

1.7.1.3 Qualified Trainer Requirements 

 

Individuals qualified to instruct the 40 hour contract safety awareness 

course, or portions thereof, must meet the definition of a Competent 

Person Trainer, and, at a minimum, possess a working knowledge of the 

following subject areas: EM 385-1-1, Electrical Standards,Lockout/Tagout, 

Fall Protection, Confined Space Entry for Construction; Excavation, 

Trenching and Soil Mechanics, and Scaffolds in accordance with 

29 CFR 1926.450, Subpart L. 

Instructors are required to: 

a. Prepare class presentations that cover construction-related safety 

requirements and includes topics covered in the NAVFAC Construction 

Safety Hazard Awareness Course for Contractors. 

 

b. Ensure that all attendees attend all sessions by using a class roster 

signed daily by each attendee. Maintain copies of the roster for at 

least five (5) years. This is a certification class and must be 

attended 100 percent. In cases of emergency where an attendee cannot 

make it to a session, the attendee can make it up in another class 

session for the same subject. 

 

c. Update training course materials whenever an update of the EM 385-1-1 

becomes available. 

 

d. Provide a written exam of at least 50 questions. Students are 

required to answer 80 percent correctly to pass. 

 

e. Request, review and incorporate student feedback into a continuous 

course improvement program. 

 

1.7.1.4 Requirements for all Contractor Jobsite Personnel Holding H-1B or 

H-2B Visas: 

 

All Contractor jobsite workers holding an H-1B or H-2B visa must complete 

a minimum 16 hours of classroom training on the requirements of the latest 

version of EM 385-1-1 prior to their first day on the jobsite to include 

but not limited to the following topics: Sanitation; Medical and First Aid 

Requirements; Temporary Facilities; Personal Protective Equipment; 

Electrical; Hand and Power Tools; Material Handling and Storage; Motor 

Vehicles; Fall Protection; Work Platforms and Scaffoldings; Demolition; 

Safe Access, Ladders, Floor & Wall Openings, Stairs and Railing Systems; 

Excavations and Trenching; and Confined Spaces, prior to reporting to the 
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jobsite. 

 

Provide a list of workers who have completed the training on the jobsite 

and have readily available upon request by the Contracting Officer. 

Maintain and update the list as additional workers are available. Include 

the name and qualifications of the qualified trainer(s) who provided the 

training. Personnel who have taken the 40 Hour Construction Safety Hazard 

Awareness Training Course for Contractors or similar course that includes 

emphasis on EM 385-1-1 compliance, are not required to take the 16 hours 

of classroom training on the requirements of the latest version of the 

EM 385-1-1. The 16 hours classroom training may be provided by the Guam 

Contractors Association (GCA), the Guam Trades Academy, or other qualified 

trainers as outlined in paragraph QUALIFIED TRAINER REQUIREMENTS. 

 

1.7.1.5 Dredging Contract Requirements 

 

1.7.1.5.1 Dredging Safety Personnel Requirements 

 

a. Provide a minimum of one full time SSHO assigned per project site for 

the primary working shift. 

 

b. For a project involving multiple work shifts,provide one 
full-time SSHO for each additional shift. provide one Collateral Duty 

Safety Officer (CDSO) on a dredge and one at the dredged material 

placement site.During these shifts, the SSHO must be available at all 

times to assist with emergency situations. 

 

c. For individual dredging projects or sites with a dredge crew and fill 

crew on watch of 8 employees or less, a CDSO must be appointed, 

instead of an SSHO. The CDSO assumes the same responsibilities as a 

full-time SSHO. 

 

d. An example of one dredging project site is reflected in each of the 

following: 

 

(1) a mechanical dredge, tug(s) and scow(s), scow route, and material 

placement site; or 

 

(2) a hydraulic pipeline dredge, attendant plant, and material 

placement site; or, 

 

(3) a hopper dredge (include land-based material placement site - if 

applicable.) 

 

e. For Hopper Dredges with the U.S. Coast Guard, documented crews may 

designate an officer as a Collateral Duty Safety Officer (CDSO) 

instead of having a full-time SSHO onboard if the officer meets the 

SSHO training and experience requirements. 

 

1.7.1.5.2 SSHO Requirements for Dredging 

 

a. In addition to requirements stated elsewhere in this specification, an 

individual serving as a SSHO must be present at the project site, 

located so that they have full mobility and reasonable access to all 

major work operations, for at least one shift in each 24 hour period 

when work is being performed. The SSHO must be available during their 

shift for immediate verbal consultation and notification, either by 

phone or radio. 
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b. The SSHO is a full-time, dedicated position, except as noted above, 

who must report to a senior project (or corporate) official. When the 

SSHO is permitted to be a collateral duty, the SSHO is not permitted 

to be in another position requiring continuous mechanical or equipment 

operations, such as equipment operators. 

 

c. The SSHO must inspect all work areas and operations during initial 

set-up and at least monthly observe and provide personal oversight on 

each shift during dredging operations for projects with many work 

sites, more often for those with less work sites. 

 

d. If the SSHO is off-site for a period longer than 24 hours, another 

qualified SSHO must be provided and fulfill the same roles and 

responsibilities as the SSHO during their absence. 

 

1.7.1.5.3 Collateral Duty Safety Officer (CDSO) Requirements for Dredging 

 

a. A CDSO is an individual who is assigned collateral duty safety 

responsibilities in addition to their full-time occupation, and who 

supports and supplements the SSHO efforts in managing, implementing 

and enforcing the Contractor's Safety and Health Program. The 

assigned CDSO must be an individual(s) with work oversight 

responsibilities, such as master, mate, fill foreman, or 

superintendent. A CDSO must not be an employee responsible for 

continuous mechanical or equipment operations, such as an equipment 

operator. 

 

b. A CDSO performs safety program tasks as assigned by the SSHO and must 

report safety findings to the SSHO. The SSHO must document results of 

safety findings and provide information for inclusion in the CQC 

reports to the Contracting Officer. 

 

1.7.1.5.4 Safety Personnel Training Requirements for Dredging 

 

A SSHO and a CDSO for dredging contracts must take either a formal 

classroom or online OSHA 30-hour Construction Safety Course, or an 

equivalent 30 hours of formal classroom or online safety and health 

training covering the subjects of the OSHA 30-hour Course in accordance 

with EM 385-1-1 Appendix A, paragraph 3.d.(3), applicable to dredging 

work, and given by qualified instructors. In exception to EM 385-1-1, 

Section 01.A.17, comply with the following: 

 

a. The SSHO must maintain competency through having taken 8 hours of 

formal classroom or online safety and health related coursework every 

year. Hours spent as an instructor in such courses will be considered 

the same as attending them, but each course only gets credit once (for 

example, instructing a 1-hour asbestos awareness course 5 times in a 

year provides one hour credit for training). 

 

b. The SSHO and a CDSO must have a minimum of three years of experience 

within the past five years in one of the following: 

 

(1) Supervising/managing dredging activities 

 

(2) Supervising/managing marine construction activities 

 

(3) Supervising/managing land-based construction activities 

 

(4) Work managing safety programs or processes 
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(5) Conducting hazard analyses and developing controls in activities 

or environments with similar hazards 

 

1.7.1.6 Crane Operators/Riggers 

 

Provide Operators, Signal Persons, and Riggers meeting the requirements in 

EM 385-1-1, Section 15.B for Riggers and Section 16.B for Crane Operators 

and Signal Persons. Provide proof of current qualification. 

 

 

1.7.2 Personnel Duties 
 

1.7.2.1 Duties of the Site Safety and Health Officer (SSHO) 

The SSHO must: 

a. Conduct daily safety and health inspections and maintain a written log 

which includes area/operation inspected, date of inspection, 

identified hazards, recommended corrective actions, estimated and 

actual dates of corrections. Attach safety inspection logs to the 

Contractors' daily production report. 

 

b. Conduct mishap investigations and complete required accident reports. 

Report mishaps and near misses. 

 

c. Use and maintain OSHA's Form 300 to log work-related injuries and 

illnesses occurring on the project site for Prime Contractors and 

subcontractors, and make available to the Contracting Officer upon 

request. Post and maintain the Form 300A on the site Safety Bulletin 

Board. 

 

d. Maintain applicable safety reference material on the job site. 

 

e. Attend the pre-construction conference, pre-work meetings including 

preparatory meetings, and periodic in-progress meetings. 

 

f. Review the APP and AHAs for compliance with EM 385-1-1, and approve, 

sign, implement and enforce them. 

 

g. Establish a Safety and Occupational Health (SOH) Deficiency Tracking 

System that lists and monitors outstanding deficiencies until 

resolution. 

 

h. Ensure subcontractor compliance with safety and health requirements. 

 

i. Maintain a list of hazardous chemicals on site and their material 

Safety Data Sheets (SDS). 

 

j. Maintain a weekly list of high hazard activities involving energy, 

equipment, excavation, entry into confined space, and elevation, and 

be prepared to discuss details during QC Meetings. 

 

k. Provide and keep a record of site safety orientation and 

indoctrination for Contractor employees, subcontractor employees, and 

site visitors. 
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Superintendent, QC Manager, and SSHO are subject to dismissal if the above 

duties are not being effectively carried out. If Superintendent, QC 

Manager, or SSHO are dismissed, project work will be stopped and will not 

be allowed to resume until a suitable replacement is approved and the 

above duties are again being effectively carried out. 

 

1.7.3 Meetings 

 

1.7.3.1 Preconstruction Conference 

 

a. Contractor representatives who have a responsibility or significant 

role in accident prevention on the project must attend the 

preconstruction conference. This includes the project superintendent, 

Site Safety and Occupational Health officer, quality control manager, 

or any other assigned safety and health professionals who participated 

in the development of the APP (including the Activity Hazard Analyses 

(AHAs) and special plans, program and procedures associated with it). 

 

b. Discuss the details of the submitted APP to include incorporated 

plans, programs, procedures and a listing of anticipated AHAs that 

will be developed and implemented during the performance of the 

contract. This list of proposed AHAs will be reviewed at the 

conference and an agreement will be reached between the Contractor and 

the Contracting Officer as to which phases will require an analysis. 

In addition, establish a schedule for the preparation, submittal, and 

Government review of AHAs to preclude project delays. 

 

c. Deficiencies in the submitted APP, identified during the Contracting 

Officer's review, must be corrected, and the APP re-submitted for 

review prior to the start of construction. Work is not permitted to 

begin until an APP is established that is acceptable to the 

Contracting Officer. 

 

d. The functions of a Preconstruction conference may take place at the 

Post-Award Kickoff meeting for Design Build Contracts. 

 

1.7.3.2 Safety Meetings 

 

Conduct safety meetings to review past activities, plan for new or changed 

operations, review pertinent aspects of appropriate AHA (by trade), 

establish safe working procedures for anticipated hazards, and provide 

pertinent Safety and Occupational Health (SOH) training and motivation. 

Conduct meetings at least once a month for all supervisors on the project 

location. The SSHO, supervisors, foremen, or CDSOs must conduct meetings 

at least once a week for the trade workers. Document meeting minutes to 

include the date, persons in attendance, subjects discussed, and names of 

individual(s) who conducted the meeting. Maintain documentation on-site 

and furnish copies to the Contracting Officer on request. Notify the 

Contracting Officer of all scheduled meetings 7 calendar days in advance. 

 

1.8 ACCIDENT PREVENTION PLAN (APP) 

 

A qualified person must prepare the written site-specific APP. Prepare 

the APP in accordance with the format and requirements of EM 385-1-1, 

Appendix A, and as supplemented herein. Cover all paragraph and 

subparagraph elements in EM 385-1-1, Appendix A and show compliance with 

NASA NPR 8715.3. The APP must be job-specific and address any unusual or 

unique aspects of the project or activity for which it is written. The 

APP must interface with the Contractor's overall safety and health program 
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referenced in the APP in the applicable APP element, and made 
site-specific. Describe the methods to evaluate past safety performance 

of potential subcontractors in the selection process. Also, describe 

innovative methods used to ensure and monitor safe work practices of 

subcontractors.  The Government considers the Prime Contractor to be the 

"controlling authority" for all work site safety and health of the 

subcontractors.  Contractors are responsible for informing their 

subcontractors of the safety provisions under the terms of the contract 

and the penalties for noncompliance, coordinating the work to prevent one 

craft from interfering with or creating hazardous working conditions for 

other crafts, and inspecting subcontractor operations to ensure that 

accident prevention responsibilities are being carried out. The APP must 

be signed by an officer of the firm (Prime Contractor senior person), the 

individual preparing the APP, the on-site superintendent, the designated 

SSHO, the Contractor Quality Control Manager, and any designated Certified 

Safety Professional (CSP) or Certified Health Physicist (CIH). The SSHO 

must provide and maintain the APP and a log of signatures by each 

subcontractor foreman, attesting that they have read and understand the 

APP, and make the APP and log available on-site to the Contracting 

Officer. If English is not the foreman's primary language, the Prime 

Contractor must provide an interpreter. 

 

Submit the APP to the Contracting Officer 15 calendar days prior to the 

date of the preconstruction conference for acceptance. Work cannot 

proceed without an accepted APP. Once reviewed and accepted by the 

Contracting Officer, the APP and attachments will be enforced as part of 

the contract. Disregarding the provisions of this contract or the 

accepted APP is cause for stopping of work, at the discretion of the 

Contracting Officer, until the matter has been rectified. Continuously 

review and amend the APP, as necessary, throughout the life of the 

contract. Changes to the accepted APP must be made with the knowledge and 

concurrence of the Contracting Officer, project superintendent, SSHO and 

Quality Control Manager. Incorporate unusual or high-hazard activities 

not identified in the original APP as they are discovered.  Should any 

severe hazard exposure (i.e. imminent danger) become evident, stop work in 

the area, secure the area, and develop a plan to remove the exposure and 

control the hazard. Notify the Contracting Officer within 24 hours of 

discovery.  Eliminate and remove the hazard. In the interim, take all 

necessary action to restore and maintain safe working conditions in order 

to safeguard onsite personnel, visitors, the public (as defined by 

ASSP A10.34), and the environment. 
 

1.8.1 Names and Qualifications 

 

Provide plans in accordance with the requirements outlined in Appendix A 

of EM 385-1-1, including the following: 

 

a. Names and qualifications (resumes including education, training, 

experience and certifications) of site safety and health personnel 

designated to perform work on this project to include the designated 

Site Safety and Health Officer and other competent and qualified 

personnel to be used. Specify the duties of each position. 

 

b. Qualifications of competent and of qualified persons. As a minimum, 

designate and submit qualifications of competent persons for each of 

the following major areas: excavation; scaffolding; fall protection; 

hazardous energy; confined space; health hazard recognition, 

evaluation and control of chemical, physical and biological agents; 

and personal protective equipment and clothing to include selection, 
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use and maintenance. 

 

1.8.2 Plans 

 

Provide plans in the APP in accordance with the requirements outlined in 

Appendix A of EM 385-1-1, including the following: 

 

1.8.2.1 Confined Space Entry Plan 

 

Develop a confined or enclosed space entry plan in accordance with 

EM 385-1-1, applicable OSHA standards 29 CFR 1910, 29 CFR 1915, and 

29 CFR 1926, OSHA Directive CPL 2.100, and any other federal, state and 

local regulatory requirements identified in this contract.  Identify the 

qualified person's name and qualifications, training, and experience. 

Delineate the qualified person's authority to direct work stoppage in the 

event of hazardous conditions. Include procedure for rescue by contractor 

personnel and the coordination with emergency responders. (If there is no 

confined space work, include a statement that no confined space work 

exists and none will be created.) 

 

1.8.2.2 Standard Lift Plan (SLP) 

 

Plan lifts to avoid situations where the operator cannot maintain safe 

control of the lift.  Prepare a written SLP in accordance with EM 385-1-1, 

Section 16.A.03, using Form 16-2 for every lift or series of lifts (if 

duty cycle or routine lifts are being performed). The SLP must be 

developed, reviewed and accepted by all personnel involved in the lift in 

conjunction with the associated AHA. Signature on the AHA constitutes 

acceptance of the plan. Maintain the SLP on the LHE for the current 

lift(s) being made. Maintain historical SLPs for a minimum of 3 months. 

 

1.8.2.3 Critical Lift Plan - Crane or Load Handling Equipment 

 

Provide a Critical Lift Plan as required by EM 385-1-1, Section 16.H.01, 

using Form 16-3. In addition, Critical Lift Plans are required for the 

following: 

 

a. Lifts over 50 percent of the capacity of barge mounted mobile crane's 

hoist. 

 

b. When working around energized power lines where the work will get 

closer than the minimum clearance distance in EM 385-1-1 Table 16-1. 

 

c. For lifts with anticipated binding conditions. 

 

d. When erecting cranes. 

 

1.8.2.3.1 Critical Lift Plan Planning and Schedule 

 

Critical lifts require detailed planning and additional or unusual safety 

precautions. Develop and submit a critical lift plan to the Contracting 

Officer 30 calendar days prior to critical lift. Comply with load testing 

requirements in accordance with EM 385-1-1, Section 16.F.03. 

 

1.8.2.3.2 Lifts of Personnel 

 

In addition to the requirements of EM 385-1-1, Section 16.H.02, for lifts 

of personnel, demonstrate compliance with the requirements of 

29 CFR 1926.1400 and EM 385-1-1, Section 16.T. 
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1.8.2.4 Barge Mounted Mobile Crane Lift Plan 

 

Provide a Naval Architecture Analysis and include an LHE Manufacturer's 

Floating Service Load Chart in accordance with EM 385-1-1, Section 16.L.03. 

 

1.8.2.5 Multi-Purpose Machines, Material Handling Equipment, and 

Construction Equipment Lift Plan 

 

Multi-purpose machines, material handling equipment, and construction 

equipment used to lift loads that are suspended by rigging gear, require 

proof of authorization from the machine OEM that the machine is capable of 

making lifts of loads suspended by rigging equipment. Written approval 

from a qualified registered professional engineer, after a safety analysis 

is performed, is allowed in lieu of the OEM's approval. Demonstrate that 

the operator is properly trained and that the equipment is properly 

configured to make such lifts and is equipped with a load chart. 

 

1.8.2.6 Fall Protection and Prevention (FP&P) Plan 

 

The plan must comply with the requirements of EM 385-1-1, Section 21.D and 

ASSP Z359.2, be site specific, and address all fall hazards in the work 

place and during different phases of construction. Address how to protect 

and prevent workers from falling to lower levels when they are exposed to 

fall hazards above 6 feet. A competent person or qualified person for 

fall protection must prepare and sign the plan documentation. Include 

fall protection and prevention systems, equipment and methods employed for 

every phase of work, roles and responsibilities, assisted rescue, 

self-rescue and evacuation procedures, training requirements, and 

monitoring methods. Review and revise, as necessary, the Fall Protection 

and Prevention Plan documentation as conditions change, but at a minimum 

every six months, for lengthy projects, reflecting any changes during the 

course of construction due to changes in personnel, equipment, systems or 

work habits. Keep and maintain the accepted Fall Protection and 

Prevention Plan documentation at the job site for the duration of the 

project. Include the Fall Protection and Prevention Plan documentation in 

the Accident Prevention Plan (APP). 

 

1.8.2.7 Rescue and Evacuation Plan 

 

Provide a Rescue and Evacuation Plan in accordance with EM 385-1-1 Section 
21.N and ASSP Z359.2, and include in the FP&P Plan and as part of the 

APP. Include a detailed discussion of the following: methods of rescue; 

methods of self-rescue; equipment used; training requirement; specialized 

training for the rescuers; procedures for requesting rescue and medical 

assistance; and transportation routes to a medical facility. 

 

1.8.2.8 Hazardous Energy Control Program (HECP) 

 

Develop a HECP in accordance with EM 385-1-1 Section 12, 29 CFR 1910.147, 

29 CFR 1910.333, 29 CFR 1915.89, ASSP Z244.1, and ASSP A10.44. Submit 
this HECP as part of the Accident Prevention Plan (APP). Conduct a 

preparatory meeting and inspection with all effected personnel to 

coordinate all HECP activities. Document this meeting and inspection in 

accordance with EM 385-1-1, Section 12.A.02. Ensure that each employee is 

familiar with and complies with these procedures. 
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1.8.2.9 Excavation Plan 

 

Identify the safety and health aspects of excavation, and provide and 

prepare the plan in accordance with EM 385-1-1, Section 25.A and Section 

31 00 00 EARTHWORK. 
 

1.8.2.10 Occupant Protection Plan 

 

Identify the safety and health aspects of lead-based paint removal, 

prepared in accordance with Section 02 83 00 LEAD REMEDIATION. 

 

1.8.2.11 Lead Compliance Plan 

 

Identify the safety and health aspects of lead work, and prepare in 

accordance with Section 02 83 00 LEAD REMEDIATION. 

 

1.8.2.12 Asbestos Hazard Abatement Plan 

 

Identify the safety and health aspects of asbestos work, and prepare in 

accordance with Section 02 82 00 ASBESTOS REMEDIATION. 

 

1.8.2.13 Site Safety and Health Plan 

 

Identify the safety and health aspects, and prepare in accordance with 

Section 01 35 29.13 HEALTH, SAFETY, AND EMERGENCY RESPONSE PROCEDURES FOR 

CONTAMINATED SITES. 

 

1.8.2.14 Polychlorinated Biphenyls (PCB) Plan 

 

Identify the safety and health aspects of Polychlorinated Biphenyls work, 

and prepare in accordance with Sections 02 84 33 REMOVAL AND DISPOSAL OF 

POLYCHLORINATED BIPHENYLS (PCBs) and 02 61 23 REMOVAL AND DISPOSAL OF PCB 

CONTAMINATED SOILS. 

 

1.8.2.15 Site Demolition Plan 

 

Identify the safety and health aspects, and prepare in accordance with 

Section 02 41 00 DEMOLITION AND DECONSTRUCTION and referenced sources.

 Include engineering survey as applicable. 

 

1.9 ACTIVITY HAZARD ANALYSIS (AHA) 

 

Before beginning each activity, task or Definable Feature of Work (DFOW) 

involving a type of work presenting hazards not experienced in previous 

project operations, or where a new work crew or subcontractor is to 

perform the work, the Contractor(s) performing that work activity must 

prepare an AHA. AHAs must be developed by the Prime Contractor, 

subcontractor, or supplier performing the work, and provided for Prime 

Contractor review and approval before submitting to the Contracting 

Officer. AHAs must be signed by the SSHO, Superintendent, QC Manager and 

the subcontractor Foreman performing the work. Format the AHA in 

accordance with EM 385-1-1, Section 1 or as directed by the Contracting 

Officer. Submit the AHA for review at least 15 working days prior to the 

start of each activity task, or DFOW. The Government reserves the right 

to require the Contractor to revise and resubmit the AHA if it fails to 

effectively identify the work sequences, specific anticipated hazards, 

site conditions, equipment, materials, personnel and the control measures 

to be implemented. 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 01 35 26 Page 24 

 

 

AHAs must identify competent persons required for phases involving high 

risk activities, including confined entry, crane and rigging, excavations, 

trenching, electrical work, fall protection, and scaffolding. 

 

1.9.1 AHA Management 

 

Review the AHA list periodically (at least monthly) at the Contractor 

supervisory safety meeting, and update as necessary when procedures, 

scheduling, or hazards change. Use the AHA during daily inspections by 

the SSHO to ensure the implementation and effectiveness of the required 

safety and health controls for that work activity. 

 

1.9.2 AHA Signature Log 

 

Each employee performing work as part of an activity, task or DFOW must 

review the AHA for that work and sign a signature log specifically 

maintained for that AHA prior to starting work on that activity. The SSHO 

must maintain a signature log on site for every AHA. Provide employees 

whose primary language is other than English, with an interpreter to 

ensure a clear understanding of the AHA and its contents. 

 

1.10 DISPLAY OF SAFETY INFORMATION 

 

1.10.1 Safety Bulletin Board 

 

Within one calendar day(s) after commencement of work, erect a safety 

bulletin board at the job site. Where size, duration, or logistics of 

project do not facilitate a bulletin board, an alternative method, 

acceptable to the Contracting Officer, that is accessible and includes all 

mandatory information for employee and visitor review, may be deemed as 

meeting the requirement for a bulletin board. Include and maintain 

information on safety bulletin board as required by EM 385-1-1, Section 

01.A.07. Additional items required to be posted include: 
 

a. Confined space entry permit. 

 

b. Hot work permit. 

 

1.10.2 Safety and Occupational Health (SOH) Deficiency Tracking System 

 

Establish a SOH deficiency tracking system that lists and monitors the 

status of SOH deficiencies in chronological order.  Use the tracking 

system to evaluate the effectiveness of the APP. A monthly evaluation of 

the data must be discussed in the QC or SOH meeting with everyone on the 

project. The list must be posted on the project bulletin board and updated 

daily, and provide the following information: 

 

a. Date deficiency identified; 

 

b. Description of deficiency; 

 

c. Name of person responsible for correcting deficiency; 

 

d. Projected resolution date; 

 

e. Date actually resolved. 
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1.11 SITE SAFETY REFERENCE MATERIALS 

 

Maintain safety-related references applicable to the project, including 

those listed in paragraph REFERENCES. Maintain applicable equipment 

manufacturer's manuals. 

 

1.12 EMERGENCY MEDICAL TREATMENT 

 

Contractors must arrange for their own emergency medical treatment in 

accordance with EM 385-1-1. Government has no responsibility to provide 

emergency medical treatment. 

 

1.13 NOTIFICATIONS and REPORTS 

 

1.13.1 Mishap Notification 

 

Notify the Contracting Officer as soon as practical, but no more than 

twenty-four hours, after any mishaps, including recordable accidents, 

incidents, and near misses, as defined in EM 385-1-1 Appendix Q, any 

report of injury, illness, or any property damage in accordance with NASA 

NPR 8621.1. For LHE or rigging mishaps, notify the Contracting Officer as 

soon as practical but not more than 4 hours after mishap. The 

Contractor is responsible for obtaining appropriate medical and emergency 

assistance and for notifying fire, law enforcement, and regulatory 

agencies. Immediate reporting is required for electrical mishaps, to 

include Arc Flash; shock; uncontrolled release of hazardous energy 

(includes electrical and non-electrical); load handling equipment or 

rigging; fall from height (any level other than same surface); and 

underwater diving.  These mishaps must be investigated in depth to 

identify all causes and to recommend hazard control measures. 

 

Within notification include Contractor name; contract title; type of 

contract; name of activity, installation or location where accident 

occurred; date and time of accident; names of personnel injured; extent of 

property damage, if any; extent of injury, if known, and brief description 

of accident (for example, type of construction equipment used and PPE 

used). Preserve the conditions and evidence on the accident site until 

the Government investigation team arrives on-site and Government 

investigation is conducted. Assist and cooperate fully with the 

Government's investigation(s) of any mishap. 

 

1.13.2 Accident Reports 

 

a. Conduct an accident investigation for recordable injuries and 

illnesses, property damage, and near misses as defined in EM 385-1-1, 

to establish the root cause(s) of the accident. Complete the 

applicable NAVFAC Contractor Incident Reporting System (CIRS), and 

electronically submit via the NAVFAC Enterprise Safety Applications 

Management System (ESAMS). Complete and submit an accident 

investigation report in ESAMS within 5 days for mishaps defined in  

EM 385-1-1 01.D.03 and 10 days for accidents defined by EM 385-1-1 

01.D.05. Complete an investigation report within 30 days for those 

mishaps defined by EM 385-1-1 01.D.04. Mishaps defined by EM 385-1-1 

01.D.04 and 01.D.05 must include a written report submitted as an 

attachment in ESAMS using the following outline: (1) Mishap summary 

description to include process, findings and outcomes; (2) Root Cause; 

(3) Direct Factors; (4) Indirect and Contributing Factors; (5) 

Corrective Actions; and (6) Recommendations. Complete the applicable 

USACE Accident Report Form 3394, and provide the report to the 
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Contracting Officer within 5 calendar day(s) of the  accident. The 

Contracting Officer will provide copies of any required or special 

forms. 

 

b. Near Misses: Near miss reports are considered positive and proactive 

Contractor safety management actions. 

 

 c. Conduct an accident investigation for any load handling equipment 

accident (including rigging accidents) to establish the root cause(s) 

of the accident. Complete the LHE Accident Report (Crane and Rigging 

Accident Report) form and provide the report to the Contracting 

Officer within 30 calendar days of the accident. Do not proceed with 

crane operations until cause is determined and corrective actions have 

been implemented to the satisfaction of the Contracting Officer. The 

Contracting Officer will provide a blank copy of the accident report 

form. 

 

1.13.3 LHE Inspection Reports 

 

Submit LHE inspection reports required in accordance with EM 385-1-1 and 

as specified herein with Daily Reports of Inspections. 

 

1.13.4 Certificate of Compliance and Pre-lift Plan/Checklist for LHE and 

Rigging 

 

Provide a FORM 16-1 Certificate of Compliance for LHE entering an activity 

under this contract and in accordance with EM 385-1-1. Post 

certifications on the crane. 

 

Develop a Standard Lift Plan (SLP) in accordance with EM 385-1-1, Section 
16.H.03 using Form 16-2 Standard Pre-Lift Crane Plan/Checklist for each 

lift planned. Submit SLP to the Contracting Officer for approval within 

15 calendar days in advance of planned lift. 
 

1.13.5 Third Party Certification of Floating Cranes and Barge-Mounted 

Mobile Cranes 

 

Certify floating cranes and barge-mounted mobile cranes in accordance with 

29 CFR 1919 by an OSHA accredited person. 
 

1.14 HOT WORK 

 

1.14.1 Permit and Personnel Requirements 

 

Submit and obtain a written permit prior to performing "Hot Work" (i.e. 

welding or cutting) or operating other flame-producing/spark producing 

devices, from the Fire Division. A permit is required from the Explosives 

Safety Office for work in and around where explosives are processed, 

stored, or handled. CONTRACTORS ARE REQUIRED TO MEET ALL CRITERIA BEFORE 

A PERMIT IS ISSUED. Provide at least two 20 pound 4A:20 BC rated 

extinguishers for normal "Hot Work". The extinguishers must be current 

inspection tagged, and contain an approved safety pin and tamper 

resistant seal. It is also mandatory to have a designated FIRE WATCH for 
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any "Hot Work" done at this activity. The Fire Watch must be trained in 

accordance with NFPA 51B and remain on-site for a minimum of one hour 

after completion of the task or as specified on the hot work permit. 

 

When starting work in the facility, require personnel to familiarize 

themselves with the location of the nearest fire alarm boxes and place in 

memory the emergency Fire Division phone number. REPORT ANY FIRE, NO 

MATTER HOW SMALL, TO THE RESPONSIBLE FIRE DIVISION IMMEDIATELY. 

 

1.14.2 Work Around Flammable Materials 

 

Obtain permit approval from a NFPA Certified Marine Chemist for "HOT WORK" 

within or around flammable materials (such as fuel systems or 

welding/cutting on fuel pipes) or confined spaces (such as sewer wet 

wells, manholes, or vaults) that have the potential for flammable or 

explosive atmospheres. 

 

Whenever these materials, except beryllium and chromium (VI), are 

encountered in indoor operations, local mechanical exhaust ventilation 

systems that are sufficient to reduce and maintain personal exposures to 

within acceptable limits must be used and maintained in accordance with 

manufacturer's instruction and supplemented by exceptions noted in 

EM 385-1-1, Section 06.H 
 

1.15 RADIATION SAFETY REQUIREMENTS 

 

Submit License Certificates, employee training records, and Leak Test 

Reports for radiation materials and equipment to the Contracting Officer 

and Radiation Safety Office (RSO), and Contracting Oversight Technician 

(COT) for all specialized and licensed material and equipment proposed for 

use on the construction project (excludes portable machine sources of 

ionizing radiation including moisture density and X-Ray Fluorescence 

(XRF)). Maintain on-site records whenever licensed radiological materials 

or ionizing equipment are on government property. 

 

Protect workers from radiation exposure in accordance with 10 CFR 20, 

ensuring any personnel exposures are maintained As Low As Reasonably 

Achievable. 

 

1.15.1 Radiography Operation Planning Work Sheet 

 

Submit a Gamma and X-Ray Radiography Operation Planning Work Sheet to 

Contracting Officer 14 days prior to commencement of operations involving 

radioactive materials or radiation generating devices. For portable 

machine sources of ionizing radiation, including moisture density and XRF, 

use and submit the Portable Gauge Operations Planning Worksheet instead. 

The Contracting Officer and COT will review the submitted worksheet and 

provide questions and comments. 

 

Contractors must use primary dosimeters process by a National Voluntary 

Laboratory Accreditation Program (NVLAP) accredited laboratory. 

 

1.15.2 Site Access and Security 

 

Coordinate site access and security requirements with the Contracting 

Officer and COT for all radiological materials and equipment containing 

ionizing radiation that are proposed for use on a government facility. 

For gamma radiography materials and equipment, a Government escort is 
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required for any travels on the Installation. The Navy COT or  

Government authorized representative will meet the Contractor at a 

designated location outside the Installation, ensure safety of the 

materials being transported, and will escort the Contractor for gamma 

sources onto the Installation, to the job site, and off the Installation. 

For portable machine sources of ionizing radiation, including moisture 

density and XRF, the Navy COT or Government authorized representative 

will meet the Contractor at the job site. 

 

Provide a copy of all calibration records, and utilization records to the 

COT for radiological operations performed on the site. 

 

1.15.3 Loss or Release and Unplanned Personnel Exposure 

 

Loss or release of radioactive materials, and unplanned personnel 

exposures must be reported immediately to the Contracting Officer, RSO, 

and Base Security Department Emergency Number. 

 

1.15.4 Site Demarcation and Barricade 

 

Properly demark and barricade an area surrounding radiological operations 

to preclude personnel entrance, in accordance with EM 385-1-1, Nuclear 

Regulatory Commission, and Applicable State regulations and license 

requirements, and in accordance with requirements established in the 

accepted Radiography Operation Planning Work Sheet. 

 

Do not close or obstruct streets, walks, and other facilities occupied and 

used by the Government without written permission from the Contracting 

Officer. 

 

1.15.5 Security of Material and Equipment 

 

Properly secure the radiological material and ionizing radiation equipment 

at all times, including keeping the devices in a properly marked and 

locked container, and secondarily locking the container to a secure point 

in the Contractor's vehicle or other approved storage location during 

transportation and while not in use. While in use, maintain a continuous 

visual observation on the radiological material and ionizing radiation 

equipment. In instances where radiography is scheduled near or adjacent 

to buildings or areas having limited access or one-way doors, make no 

assumptions as to building occupancy.  Where necessary, the Contracting 

Officer will direct the Contractor to conduct an actual building entry, 

search, and alert. Where removal of personnel from such a building cannot 

be accomplished and it is otherwise safe to proceed with the radiography, 

position a fully instructed employee inside the building or area to 

prevent exiting while external radiographic operations are in process. 

 

1.15.6 Transportation of Material 

 

Comply with 49 CFR 173 for Transportation of Regulated Amounts of 

Radioactive Material. Notify Local Fire authorities and the site 

Radiation Safety officer (RSO) of any Radioactive Material use. 

 

1.15.7 Schedule for Exposure or Unshielding 

 

Actual exposure of the radiographic film or unshielding the source must 

not be initiated until after 5 p.m. on weekdays. 
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1.15.8 Transmitter Requirements 

 

Adhere to the base policy concerning the use of transmitters, such as 

radios and cell phones. Obey Emissions control (EMCON) restrictions. 

 

1.16 CONFINED SPACE ENTRY REQUIREMENTS 

 

Confined space entry must comply with Section 34 of EM 385-1-1, OSHA 
29 CFR 1926, OSHA 29 CFR 1910, OSHA 29 CFR 1910.146, and OSHA Directive 

CPL 2.100. Any potential for a hazard in the confined space requires a 

permit system to be used. Contractors entering and working in confined 

spaces while performing shipyard industry work are required to follow the 

requirements of OSHA 29 CFR 1915 Subpart B. 

 

1.16.1 Entry Procedures 

 

Prohibit entry into a confined space by personnel for any purpose, 

including hot work, until the qualified person has conducted appropriate 

tests to ensure the confined or enclosed space is safe for the work 

intended and that all potential hazards are controlled or eliminated and 

documented. Comply with EM 385-1-1, Section 34 for entry procedures. 

Hazards pertaining to the space must be reviewed with each employee during 

review of the AHA. 

 

1.16.2 Forced Air Ventilation 

 

Forced air ventilation is required for all confined space entry operations 

and the minimum air exchange requirements must be maintained to ensure 

exposure to any hazardous atmosphere is kept below its action level. 

 

1.16.3 Sewer Wet Wells 

 

Sewer wet wells require continuous atmosphere monitoring with audible 

alarm for toxic gas detection. 

 

1.16.4 Rescue Procedures and Coordination with Local Emergency Responders 

 

Develop and implement an on-site rescue and recovery plan and procedures. 

The rescue plan must not rely on local emergency responders for rescue 

from a confined space. 

 

1.17 GAS PROTECTION 

 

Provide one or more employees, properly trained and experienced in 

operation and calibration of gas testing equipment and formally qualified 

as gas inspectors, on duty during times workers are in confined spaces. 

Their primary functions are to test for gas and operate testing 

equipment. Unless equipment of constant supervisory type with automatic 

alarm is employed, provide gas tests at least every 2 hours, or more often 

when character of ground or experience indicates gas may be encountered. 

After an idle period exceeding one-half hour, perform a gas test before 

permitting workers to enter the excavation. 

 

1.17.1 Gas Test Readings Record 

 

Permanently record readings daily; indicate the concentration of gas, 

point of test, and time of test. Submit copies of the gas test readings 

to the Contracting Officer at the end of each work day. 
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1.17.2 Special Requirements 

 

Special requirements, coordination, and precautions will apply to areas 

that contain a hazardous atmosphere or, by virtue of their use or physical 

character, may be oxygen deficient. A check by Government is required  

prior to entering confined space. Surveillance and monitoring are 

required in these types of work spaces by both Contractor and Government 

personnel. 

 

1.18 HIGH NOISE LEVEL PROTECTION 

 

Schedule operations that involve the use of equipment with output of high 

noise levels (i.e. jackhammers, air compressors, and explosive-actuated 

devices) for weekends after duty working hours. Use of any such equipment 

must be approved in writing by the Contracting Officer prior to 

commencement of work. 

 

1.19 DIVE SAFETY REQUIREMENTS 

 

Develop a Dive Operations Plan, AHA, emergency management plan, and 

personnel list that includes qualifications, for each separate diving 

operation. Submit these documents to the District Dive Coordinator (DDC) 

via the Contracting Officer, for review and approval at least 15 working 

days prior to commencement of diving operations. These documents must be 

at the diving location at all times. Provide each of these documents as a 

part of the project file. 

 

1.20 SEVERE STORM PLAN 

 

In the event of a severe storm warning, the Contractor must: 

 

a. Secure outside equipment and materials and place materials that could 

be damaged in protected areas. 

 

b. Check surrounding area, including roof, for loose material, equipment, 

debris, and other objects that could be blown away or against existing 

facilities. 

 

c. Ensure that temporary erosion controls are adequate. 

 

PART 2 PRODUCTS 

 

Not used. 

 

2.1 CONFINED SPACE SIGNAGE 

 

Provide permanent signs integral to or securely attached to access covers 

for new permit-required confined spaces. Signs for confined spaces must 

comply with NEMA Z535.2. Signs wording: "DANGER--PERMIT-REQUIRED 

CONFINED SPACE, DO NOT ENTER" in bold letters a minimum of one inch in 

height and constructed to be clearly legible with all paint removed. The 

signal word "DANGER" must be red and readable from 5 feet. 

 

PART 3 EXECUTION 

 

3.1 CONSTRUCTION AND OTHER WORK 

 

Comply with EM 385-1-1, NFPA 70, NFPA 70E, NFPA 241, the APP, the AHA, 

Federal and State OSHA regulations, and other related submittals and 
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activity fire and safety regulations. The most stringent standard 

prevails. 

 

PPE is governed in all areas by the nature of the work the employee is 

performing. Use personal hearing protection at all times in designated 

noise hazardous areas or when performing noise hazardous tasks. Safety 

glasses must be worn or carried/available on each person. Mandatory PPE 

includes: 

 

a. Hard Hat 

 

b. Long Pants 

 

c. Appropriate Safety Shoes 

 

d. Appropriate Class Reflective Vests 

 

3.1.1 Worksite Communication 

 

Employees working alone in a remote location or away from other workers 

must be provided an effective means of emergency communications (i.e., 

cellular phone, two-way radios, land-line telephones or other acceptable 

means). The selected communication must be readily available (easily 

within the immediate reach) of the employee and must be tested prior to 

the start of work to verify that it effectively operates in the 

area/environment. An employee check-in/check-out communication procedure 

must be developed to ensure employee safety. 

 

3.1.2 Hazardous Material Use 

 

Each hazardous material must receive approval from the Contracting Office 

or their designated representative prior to being brought onto the job 

site or prior to any other use in connection with this contract. Allow a 

minimum of 10 working days for processing of the request for use of a 

hazardous material. 

 

3.1.3 Hazardous Material Exclusions 

 

Notwithstanding any other hazardous material used in this contract, 

radioactive materials or instruments capable of producing 

ionizing/non-ionizing radiation (with the exception of radioactive 

material and devices used in accordance with EM 385-1-1 such as nuclear 

density meters for compaction testing and laboratory equipment with 

radioactive sources) as well as materials which contain asbestos, mercury 

or polychlorinated biphenyls, di-isocyanates, lead-based paint, and 

hexavalent chromium, are prohibited. The Contracting Officer, upon 

written request by the Contractor, may consider exceptions to the use of 

any of the above excluded materials. Low mercury lamps used within 

fluorescent lighting fixtures are allowed as an exception without further 

Contracting Officer approval. Notify the Radiation Safety Officer (RSO) 

prior to excepted items of radioactive material and devices being brought 

on base. 

 

3.1.4 Unforeseen Hazardous Material 

 

Contract documents identify materials such as PCB, lead paint, and friable 

and non-friable asbestos and other OSHA regulated chemicals (i.e. 29 CFR 

Part 1910.1000). If material(s) that may be hazardous to human health 

upon disturbance are encountered during construction operations, stop that 
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portion of work and notify the Contracting Officer immediately. Within 14 

calendar days the Government will determine if the material is hazardous. 

If material is not hazardous or poses no danger, the Government will 

direct the Contractor to proceed without change. If material is hazardous 

and handling of the material is necessary to accomplish the work, the 

Government will issue a modification pursuant to FAR 52.243-4 Changes and 

FAR 52.236-2 Differing Site Conditions. 

 

3.2 UTILITY OUTAGE REQUIREMENTS 

 

Apply for utility outages at least 10 days in advance. At a minimum, 

the written request must include the location of the outage, utilities 

being affected, duration of outage, any necessary sketches, and a 

description of the means to fulfill energy isolation requirements in 

accordance with EM 385-1-1, Section 11.A.02 (Isolation). Some examples of 

energy isolation devices and procedures are highlighted in EM 385-1-1, 

Section 12.D. In accordance with EM 385-1-1, Section 12.A.01, where 

outages involve Government or Utility personnel, coordinate with the 

Government on all activities involving the control of hazardous energy. 

 

These activities include, but are not limited to, a review of HECP and HEC 

procedures, as well as applicable Activity Hazard Analyses (AHAs). In 

accordance with EM 385-1-1, Section 11.A.02 and NFPA 70E, work on 

energized electrical circuits must not be performed without prior 

government authorization. Government permission is considered through the 

permit process and submission of a detailed AHA. Energized work permits 

are considered only when de-energizing introduces additional or increased 

hazard or when de-energizing is infeasible. 

 

3.3 OUTAGE COORDINATION MEETING 

 

After the utility outage request is approved and prior to beginning work 

on the utility system requiring shut-down, conduct a pre-outage 

coordination meeting in accordance with EM 385-1-1, Section 12.A. This 

meeting must include the Prime Contractor, the Prime and subcontractors 

performing the work, the Contracting Officer, and the Public Utilities 

representative. All parties must fully coordinate HEC activities with one 

another. During the coordination meeting, all parties must discuss and 

coordinate on the scope of work, HEC procedures (specifically, the lock-

out/tag-out procedures for worker and utility protection), the AHA, 

assurance of trade personnel qualifications, identification of competent 

persons, and compliance with HECP training in accordance with EM 385-1-1, 

Section 12.C. Clarify when personal protective equipment is required 

during switching operations, inspection, and verification. 

 

3.4 CONTROL OF HAZARDOUS ENERGY (LOCKOUT/TAGOUT) 

 

Provide and operate a Hazardous Energy Control Program (HECP) in 

accordance with EM 385-1-1 Section 12, 29 CFR 1910.333, 29 CFR 1915.89, 

ASSP A10.44, NFPA 70E, and paragraph HAZARDOUS ENERGY CONTROL PROGRAM 

(HECP). 

 

3.4.1 Safety Preparatory Inspection Coordination Meeting with the 

Government or Utility 

 

For electrical distribution equipment that is to be operated by Government 

or Utility personnel, the Prime Contractor and the subcontractor 

performing the work must attend the safety preparatory inspection 
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coordination meeting, which will also be attended by the Contracting 

Officer's Representative, and required by EM 385-1-1, Section 12.A.02. 

The meeting will occur immediately preceding the start of work and 

following the completion of the outage coordination meeting. Both the 

safety preparatory inspection coordination meeting and the outage 

coordination meeting must occur prior to conducting the outage and 

commencing with lockout/tagout procedures. 

 

3.4.2 Lockout/Tagout Isolation 

 

Where the Government or Utility performs equipment isolation and 

lockout/tagout, the Contractor must place their own locks and tags on each 

energy-isolating device and proceed in accordance with the HECP. Before 

any work begins, both the Contractor and the Government or Utility must 

perform energy isolation verification testing while wearing required PPE 

detailed in the Contractor's AHA and required by EM 385-1-1, Sections 05.I 

and 11.B. Install personal protective grounds, with tags, to eliminate 

the potential for induced voltage in accordance with EM 385-1-1, Section 

12.E.06. 

 

3.4.3 Lockout/Tagout Removal 

 

Upon completion of work, conduct lockout/tagout removal procedure in 

accordance with the HECP. In accordance with EM 385-1-1, Section 12.E.08, 

each lock and tag must be removed from each energy isolating device by the 

authorized individual or systems operator who applied the device. Provide 

formal notification to the Government (by completing the Government form 

if provided by Contracting Officer's Representative), confirming that 

steps of de-energization and lockout/tagout removal procedure have been 

conducted and certified through inspection and verification. Government 

or Utility locks and tags used to support the Contractor's work will not 

be removed until the authorized Government employee receives the formal 

notification. 

 

3.5 FALL PROTECTION PROGRAM 

 

Establish a fall protection program, for the protection of all employees 

exposed to fall hazards. Within the program include company policy, 

identify roles and responsibilities, education and training requirements, 

fall hazard identification, prevention and control measures, inspection, 

storage, care and maintenance of fall protection equipment and rescue and 

evacuation procedures in accordance with ASSP Z359.2 and EM 385-1-1, 

Sections 21.A and 21.D. 

 

3.5.1 Training 

 

Institute a fall protection training program. As part of the Fall 

Protection Program, provide training for each employee who might be 

exposed to fall hazards. Provide training by a competent person for fall 

protection in accordance with EM 385-1-1, Section 21.C. Document training 

and practical application of the competent person in accordance with 

EM 385-1-1, Section 21.C.04 and ASSP Z359.2 in the AHA. 
 

3.5.2 Fall Protection Equipment and Systems 

 

Enforce use of personal fall protection equipment and systems designated 

(to include fall arrest, restraint, and positioning) for each specific 

work activity in the Site Specific Fall Protection and Prevention Plan and 

AHA at all times when an employee is exposed to a fall hazard. Protect 
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employees from fall hazards as specified in EM 385-1-1, Section 21. 

 

Provide personal fall protection equipment, systems, subsystems, and 

components that comply with EM 385-1-1 Section 21.I, 29 CFR 1926.500 

Subpart M,ASSP Z359.0, ASSP Z359.1, ASSP Z359.2, ASSP Z359.3, ASSP Z359.4, 

ASSP Z359.6, ASSP Z359.7, ASSP Z359.11, ASSP Z359.12, ASSP Z359.13, 

ASSP Z359.14, and ASSP Z359.15. 
 

3.5.2.1 Additional Personal Fall Protection 

 

In addition to the required fall protection systems, other protection such 

as safety skiffs, personal floatation devices, and life rings, are  

required when working above or next to water in accordance with EM 385-1-1, 

Sections 21.O through 21.O.06. Personal fall protection systems and 

equipment are required when working from an articulating or extendible 

boom, swing stages, or suspended platform. In addition, personal fall 

protection systems are required when operating other equipment such as 

scissor lifts. The need for tying-off in such equipment is to prevent 

ejection of the employee from the equipment during raising, lowering, 

travel, or while performing work. 

 

3.5.2.2 Personal Fall Protection Harnesses 

 

Only a full-body harness with a shock-absorbing lanyard or self-retracting 

lanyard is an acceptable personal fall arrest body support device.  The 

use of body belts is not acceptable. Harnesses must have a fall arrest 

attachment affixed to the body support (usually a Dorsal D-ring) and 

specifically designated for attachment to the rest of the system. Snap 

hooks and carabineers must be self-closing and self-locking, capable of 

being opened only by at least two consecutive deliberate actions and have 

a minimum gate strength of 3,600 lbs in all directions. Use webbing, 

straps, and ropes made of synthetic fiber. The maximum free fall distance 

when using fall arrest equipment must not exceed 6 feet, unless the proper 

energy absorbing lanyard is used. Always take into consideration the 

total fall distance and any swinging of the worker (pendulum-like motion), 

that can occur during a fall, when attaching a person to a fall arrest 

system. All full body harnesses must be equipped with Suspension Trauma 

Preventers such as stirrups, relief steps, or similar in order to provide 

short-term relief from the effects of orthostatic intolerance in 

accordance with EM 385-1-1, Section 21.I.06. 

 

3.5.3 Fall Protection for Roofing Work 

 

Implement fall protection controls based on the type of roof being 

constructed and work being performed. Evaluate the roof area to be 

accessed for its structural integrity including weight-bearing 

capabilities for the projected loading. 

 

a. Low Sloped Roofs: 

 

(1) For work within 6 feet of an edge, on a roof having a slope less 

than or equal to 4:12 (vertical to horizontal), protect personnel 

from falling by use of personal fall arrest/restraint systems, 

guardrails, or safety nets. A safety monitoring system is not 

adequate fall protection and is not authorized. Provide in 

accordance with 29 CFR 1926.500. 

 

(2) For work greater than 6 feet from an edge, erect and install 

warning lines in accordance with 29 CFR 1926.500 and EM 385-1-1, 
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Section L. 

 

b. Steep-Sloped Roofs: Work on a roof having a slope greater than 4:12 

(vertical to horizontal) requires a personal fall arrest system, 

guardrails with toe-boards, or safety nets. This requirement also 

applies to residential or housing type construction. 

 

3.5.4 Horizontal Lifelines (HLL) 

 

Provide HLL in accordance with EM 385-1-1, Section 21.I.08.d.2. 

Commercially manufactured horizontal lifelines (HLL) must be designed, 

installed, certified and used, under the supervision of a qualified 

person, for fall protection as part of a complete fall arrest system which 

maintains a safety factor of 2 (29 CFR 1926.500). The competent person 

for fall protection may (if deemed appropriate by the qualified person) 

supervise the assembly, disassembly, use and inspection of the HLL system 

under the direction of the qualified person. Locally manufactured HLLs 

are not acceptable unless they are custom designed for limited or site 

specific applications by a Registered Professional Engineer who is 

qualified in designing HLL systems. 

 

3.5.5 Guardrails and Safety Nets 

 

Design, install and use guardrails and safety nets in accordance with 

EM 385-1-1, Section 21.F.01 and 29 CFR 1926 Subpart M. 

 

3.5.6 Rescue and Evacuation Plan and Procedures 

 

When personal fall arrest systems are used, ensure that the mishap victim 

can self-rescue or can be rescued promptly should a fall occur. Prepare a 

Rescue and Evacuation Plan and include a detailed discussion of the 

following: methods of rescue; methods of self-rescue or assisted-rescue; 

equipment used; training requirement; specialized training for the 

rescuers; procedures for requesting rescue and medical assistance; and 

transportation routes to a medical facility. Include the Rescue and 

Evacuation Plan within the Activity Hazard Analysis (AHA) for the phase of 

work, in the Fall Protection and Prevention (FP&P) Plan, and the Accident 

Prevention Plan (APP). The plan must comply with the requirements of 

EM 385-1-1, ASSP Z359.2, and ASSP Z359.4. 

3.6 SHIPYARD REQUIREMENTS 

All personnel who enter the Controlled Industrial Area (CIA) must wear 

mandatory personal protective equipment (PPE) at all times and comply with 

PPE postings of shops both inside and outside the CIA. 

 

3.7 WORK PLATFORMS 

 

3.7.1 Scaffolding 

 

Provide employees with a safe means of access to the work area on the 

scaffold. Climbing of any scaffold braces or supports not specifically 

designed for access is prohibited. Comply with the following requirements: 

 

a. Scaffold platforms greater than 20 feet in height must be accessed by 

use of a scaffold stair system. 

 

b. Ladders commonly provided by scaffold system manufacturers are 

prohibited for accessing scaffold platforms greater than 20 feet 
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maximum in height. 

 

c. An adequate gate is required. 

 

d. Employees performing scaffold erection and dismantling must be 

qualified. 

 

e. Scaffold must be capable of supporting at least four times the maximum 

intended load, and provide appropriate fall protection as delineated 

in the accepted fall protection and prevention plan. 

 

f. Stationary scaffolds must be attached to structural building 

components to safeguard against tipping forward or backward. 

 

g. Special care must be given to ensure scaffold systems are not 

overloaded. 

 

h. Side brackets used to extend scaffold platforms on self-supported 

scaffold systems for the storage of material are prohibited. The 

first tie-in must be at the height equal to 4 times the width of the 

smallest dimension of the scaffold base. 

 

i. Scaffolding other than suspended types must bear on base plates upon 

wood mudsills (2 in x 10 in x 8 in minimum) or other adequate firm 

foundation. 

 

j. Scaffold or work platform erectors must have fall protection during 

the erection and dismantling of scaffolding or work platforms that are 

more than 6 feet. 

 

k. Delineate fall protection requirements when working above 6 feet or 

above dangerous operations in the Fall Protection and Prevention 

(FP&P) Plan and Activity Hazard Analysis (AHA) for the phase of work. 

 

3.7.2 Elevated Aerial Work Platforms (AWPs) 

 

Workers must be anchored to the basket or bucket in accordance with 

manufacturer's specifications and instructions (anchoring to the boom may 

only be used when allowed by the manufacturer and permitted by the CP). 

Lanyards used must be sufficiently short to prohibit worker from climbing 

out of basket. The climbing of rails is prohibited. Lanyards with 

built-in shock absorbers are acceptable. Self-retracting devices are not 

acceptable. Tying off to an adjacent pole or structure is not permitted 

unless a safe device for 100 percent tie-off is used for the transfer. 

 

Use of AWPs must be operated, inspected, and maintained as specified in 

the operating manual for the equipment and delineated in the AHA. 

Operators of AWPs must be designated as qualified operators by the Prime 

Contractor. Maintain proof of qualifications on site for review and 

include in the AHA. 

 

3.8 EQUIPMENT 

 

3.8.1 Material Handling Equipment (MHE) 

 

a. Material handling equipment such as forklifts must not be modified 

with work platform attachments for supporting employees unless 

specifically delineated in the manufacturer's printed operating 

instructions. Material handling equipment fitted with personnel work 
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platform attachments are prohibited from traveling or positioning 

while personnel are working on the platform. 

 

b. The use of hooks on equipment for lifting of material must be in 

accordance with manufacturer's printed instructions. Material 

Handling Equipment Operators must be trained in accordance with OSHA 

29 CFR 1910, Subpart N. 
 

c. Operators of forklifts or power industrial trucks must be licensed in 

accordance with OSHA. 

 

3.8.2 Load Handling Equipment (LHE) 

 

The following requirements apply. In exception, these requirements do not 

apply to commercial truck mounted and articulating boom cranes used solely 

to deliver material and supplies (not prefabricated components, structural 

steel, or components of a systems-engineered metal building) where the 

lift consists of moving materials and supplies from a truck or trailer to 

the ground; to cranes installed on mechanics trucks that are used solely 

in the repair of shore-based equipment; to crane that enter the activity 

but are not used for lifting; nor to other machines not used to lift loads 

suspended by rigging equipment. However, LHE accidents occurring during 

such operations must be reported. 

 

a. Equip cranes and derricks as specified in EM 385-1-1, Section 16. 

 

b. Notify the Contracting Officer 15 working days in advance of any LHE 

entering the activity, in accordance with EM 385-1-1, Section 16.A.02, 

so that necessary quality assurance spot checks can be coordinated. 

Prior to cranes entering federal activities, a Crane Access Permit 

must be obtained from the Contracting Officer. A copy of the 

permitting process will be provided at the Preconstruction Conference. 

Contractor's operator must remain with the crane during the spot 

check. Rigging gear must comply with OSHA, ASME B30.9 Standards 

safety standards. 

 

c. Comply with the LHE manufacturer's specifications and limitations for 

erection and operation of cranes and hoists used in support of the 

work. Perform erection under the supervision of a designated person 

(as defined in ASME B30.5). Perform all testing in accordance with 

the manufacturer's recommended procedures. 

 

d. Comply with ASME B30.5 for mobile and locomotive cranes, ASME B30.22 

for articulating boom cranes, ASME B30.3 for construction tower 

cranes, ASME B30.8 for floating cranes and floating derricks, 

ASME B30.9 for slings, ASME B30.20 for below the hook lifting devices 

and ASME B30.26 for rigging hardware. 

 

e. When operating in the vicinity of overhead transmission lines, 

operators and riggers must be alert to this special hazard and follow 

the requirements of EM 385-1-1 Section 11, and ASME B30.5 or 

ASME B30.22 as applicable. 
 

f. Do not use crane suspended personnel work platforms (baskets) unless 

the Contractor proves that using any other access to the work location 

would provide a greater hazard to the workers or is impossible. Do 

not lift personnel with a line hoist or friction crane. Additionally, 

submit a specific AHA for this work to the Contracting Officer. 

Ensure the activity and AHA are thoroughly reviewed by all involved 
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personnel. 

 

g. Inspect, maintain, and recharge portable fire extinguishers as 

specified in NFPA 10, Standard for Portable Fire Extinguishers. 

 

h. All employees must keep clear of loads about to be lifted and of 

suspended loads, except for employees required to handle the load. 

 

i. Use cribbing when performing lifts on outriggers. 

 

j. The crane hook/block must be positioned directly over the load. Side 

loading of the crane is prohibited. 

 

k. A physical barricade must be positioned to prevent personnel access 

where accessible areas of the LHE's rotating superstructure poses a 

risk of striking, pinching or crushing personnel. 

 

l. Maintain inspection records in accordance by EM 385-1-1, Section 16.D, 

including shift, monthly, and annual inspections, the signature of the 

person performing the inspection, and the serial number or other 

identifier of the LHE that was inspected. Records must be available 

for review by the Contracting Officer. 

 

m. Maintain written reports of operational and load testing in accordance 

with EM 385-1-1, Section 16.F, listing the load test procedures used 

along with any repairs or alterations performed on the LHE. Reports 

must be available for review by the Contracting Officer. 

 

n. Certify that all LHE operators have been trained in proper use of all 

safety devices (e.g. anti-two block devices). 

 

o. Take steps to ensure that wind speed does not contribute to loss of 

control of the load during lifting operations. At wind speeds greater 

than 20 mph, the operator, rigger and lift supervisor must cease all 

crane operations, evaluate conditions and determine if the lift may 

proceed. Base the determination to proceed or not on wind 

calculations per the manufacturer and a reduction in LHE rated 

capacity if applicable. Include this maximum wind speed determination 

as part of the activity hazard analysis plan for that operation. 

 

p. On mobile cranes, lifts where the load weight is greater than 90 

percent of the equipment's capacity are prohibited. 

 

3.8.3 Machinery and Mechanized Equipment 

 

a. Proof of qualifications for operator must be kept on the project site 

for review. 

 

b. Manufacture specifications or owner's manual for the equipment must be 

on-site and reviewed for additional safety precautions or requirements 

that are sometimes not identified by OSHA or USACE EM 385-1-1. 

Incorporate such additional safety precautions or requirements into 

the AHAs. 

 

  c. Submit a Machinery & Mechanized Equipment Certification Form to the 

Contracting Officer prior to being placed into use. 
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3.8.4 Base Mounted Drum Hoists 

 

a. Operation of base mounted drum hoists must comply with EM 385-1-1 and 

ASSP A10.22. 

 

b. Rigging gear must comply with applicable ASME/OSHA standards 

 

c. When used on telecommunication towers, base mounted drum hoists must 

comply with TIA-1019, TIA-222, ASME B30.7, 29 CFR 1926.552, and 

29 CFR 1926.553. 
 

d. When used to hoist personnel, the AHA must include a written standard 

operating procedure. Operators must have a physical examination in 

accordance with EM 385-1-1 Section 16.B.05 and trained, at a minimum, 

in accordance with EM 385-1-1 Section 16.U and 16.T. The base mounted 

drum hoist must also comply with OSHA Instruction CPL 02-01-056 and 

ASME B30.23. 

 

e. Material and personnel must not be hoisted simultaneously. 

 

f. Personnel cage must be marked with the capacity (in number of persons) 

and load limit in pounds. 

 

g. Construction equipment must not be used for hoisting material or 

personnel or with trolley/tag lines. Construction equipment may be 

used for towing and assisting with anchoring guy lines. 

 

3.8.5 Use of Explosives 

 

Explosives must not be used or brought to the project site without prior 

written approval from the Contracting Officer. Such approval does not 

relieve the Contractor of responsibility for injury to persons or for 

damage to property due to blasting operations. 

 

Storage of explosives, when permitted on Government property, must be only 

where directed and in approved storage facilities. These facilities must 

be kept locked at all times except for inspection, delivery, and 

withdrawal of explosives. Perform explosive work in accordance with 

NASA-STD 8719.12. This document is available at: 

http://www.hq.nasa.gov/office/codeq/doctree/871912.htm 

3.9 EXCAVATIONS 
 

Soil classification must be performed by a competent person in accordance 

with 29 CFR 1926 and EM 385-1-1. 

 

3.9.1 Utility Locations 

 

Provide a third party, independent, private utility locating company to 

positively identify underground utilities in the work area in addition to 

any station locating service and coordinated with the station utility 

department. 

 

3.9.2 Utility Location Verification 

 

Physically verify underground utility locations, including utility depth, 

by hand digging using wood or fiberglass handled tools when any adjacent 

construction work is expected to come within 3 feet of the underground 
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system. 

 

3.9.3 Utilities Within and Under Concrete, Bituminous Asphalt, and Other 

Impervious Surfaces 

 

Utilities located within and under concrete slabs or pier structures, 

bridges, parking areas, and the like, are extremely difficult to identify. 

Whenever contract work involves chipping, saw cutting, or core drilling 

through concrete, bituminous asphalt or other impervious surfaces, the 

existing utility location must be coordinated with station utility 

departments in addition to location and depth verification by a third 

party, independent, private locating company. The third party, 

independent, private locating company must locate utility depth by use of 

Ground Penetrating Radar (GPR), X-ray, bore scope, or ultrasound prior to 

the start of demolition and construction. Outages to isolate utility 

systems must be used in circumstances where utilities are unable to be 

positively identified. The use of historical drawings does not alleviate 

the Contractor from meeting this requirement. 

 

3.10 ELECTRICAL 

 

Perform electrical work in accordance with EM 385-1-1, Appendix A, 

Sections 11 and 12. 

 

3.10.1 Conduct of Electrical Work 

 

As delineated in EM 385-1-1, electrical work is to be conducted in a 
de-energized state unless there is no alternative method for accomplishing 

the work. In those cases obtain an energized work permit from the 

Contracting Officer. The energized work permit application must be 

accompanied by the AHA and a summary of why the equipment/circuit needs to 

be worked energized. Underground electrical spaces must be certified safe 

for entry before entering to conduct work. Cables that will be cut must 

be positively identified and de-energized prior to performing each cut. 

Attach temporary grounds in accordance with ASTM F855 and IEEE 1048. 

Perform all high voltage cable cutting remotely using hydraulic cutting 

tool. When racking in or live switching of circuit breakers, no 

additional person other than the switch operator is allowed in the space 

during the actual operation. Plan so that work near energized parts is 

minimized to the fullest extent possible. Use of electrical outages clear 

of any energized electrical sources is the preferred method. 

 

When working in energized substations, only qualified electrical workers 

are permitted to enter. When work requires work near energized circuits 

as defined by NFPA 70, high voltage personnel must use personal protective 

equipment that includes, as a minimum, electrical hard hat, safety shoes, 

insulating gloves and electrical arc flash protection for personnel as 

required by NFPA 70E. Insulating blankets, hearing protection, and 

switching suits may also be required, depending on the specific job and as 

delineated in the Contractor's AHA. Ensure that each employee is familiar 

with and complies with these procedures and 29 CFR 1910.147. 

 

3.10.2 Qualifications 

 

Electrical work must be performed by QP personnel with verifiable 

credentials who are familiar with applicable code requirements. 

Verifiable credentials consist of State, National and Local Certifications 

or Licenses that a Master or Journeyman Electrician may hold, depending on 

work being performed, and must be identified in the appropriate AHA. 
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Journeyman/Apprentice ratio must be in accordance with State, Local 

requirements applicable to where work is being performed. 

 

3.10.3 Arc Flash 

 

Conduct a hazard analysis/arc flash hazard analysis whenever work on or 

near energized parts greater than 50 volts is necessary, in accordance 

with NFPA 70E. 

 

All personnel entering the identified arc flash protection boundary must 

be QPs and properly trained in NFPA 70E requirements and procedures. 

Unless permitted by NFPA 70E, no Unqualified Person is permitted to 

approach nearer than the Limited Approach Boundary of energized conductors 

and circuit parts. Training must be administered by an electrically 

qualified source and documented. 

 

3.10.4 Grounding 

 

Ground electrical circuits, equipment and enclosures in accordance with 

NFPA 70 and IEEE C2 to provide a permanent, continuous and effective path 

to ground unless otherwise noted by EM 385-1-1. 

 

Check grounding circuits to ensure that the circuit between the ground and 

a grounded power conductor has a resistance low enough to permit 

sufficient current flow to allow the fuse or circuit breaker to interrupt 

the current. 

 

3.10.5 Testing 

 

Temporary electrical distribution systems and devices must be inspected, 

tested and found acceptable for Ground-Fault Circuit Interrupter (GFCI) 

protection, polarity, ground continuity, and ground resistance before 

initial use, before use after modification and at least monthly. Monthly 

inspections and tests must be maintained for each temporary electrical 

distribution system, and signed by the electrical CP or QP. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM D3740 (2019) Minimum Requirements for Agencies 

Engaged in the Testing and/or Inspection 

of Soil and Rock as Used in Engineering 

Design and Construction 

 

ASTM E329 (2020) Standard Specification for Agencies 

Engaged in Construction Inspection, 

Testing, or Special Inspection 

 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

 

ER 1110-1-12 (2006; Change 1) Engineering and Design -- 

Quality Management 
 

1.2 PAYMENT 

 

 

Separate payment will not be made for providing and maintaining an 

effective Quality Control program. Include all associated costs in the 

applicable Bid Schedule item. 

 

1.3 SUBMITTALS 
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Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance to 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

 

Contractor Quality Control (CQC) Plan; G 

 

Additional Requirements for Design Quality Control (DQC) Plan; G, 

DO 

 

SD-05 Design Data 

 

Discipline-Specific Checklists 

Design Quality Control 

SD-06 Test Reports 

Verification Statement 

PART 2 PRODUCTS 
 

Not Used 

 

 

PART 3 EXECUTION 

 

3.1 GENERAL REQUIREMENTS 

 

Establish and maintain an effective quality control (QC) system that 

complies with FAR 52.246-12 Inspection of Construction. QC consist of 

plans, procedures, and organization necessary to produce an end product 

which complies with the Contract requirements. The QC system covers all 

design and construction operations, both onsite and offsite, and be keyed 

to the proposed design and construction sequence. The project 

superintendent will be held responsible for the quality of work and is 

subject to removal by the Contracting Officer for non-compliance with the 

quality requirements specified in the Contract.  In this context the 

highest level manager responsible for the overall construction activities 

at the site, including quality and production is the project 

superintendent. The project superintendent maintains a physical presence 

at the site at all times and is responsible for all construction and 

related activities at the site, except as otherwise acceptable to the 

Contracting Officer. 

 

3.2 CONTRACTOR QUALITY CONTROL (CQC) PLAN 

 

Submit no later than 30 days after receipt of notice to proceed, the 

Contractor Quality Control (CQC) Plan proposed to implement the 

requirements FAR 52.246-12 Inspection of Construction. The Government 

will consider an interim plan for the first 30 days of operation. 

ConstructionDesign and construction will be permitted to begin only after 

acceptance of the CQC Plan or acceptance of an interim plan applicable to 

the particular feature of work to be started. Work outside of the 
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accepted interim plan will not be permitted to begin until acceptance of a 

CQC Plan or another interim plan containing the additional work. 

 

3.2.1 Content of the CQC Plan 

 

Include, as a minimum, the following to cover all design and 

construction-operations, both onsite and offsite, including work by 

subcontractors designers of record, consultants, architect/engineers (AE), 

fabricators, suppliers and purchasing agents: 

 

a. A description of the quality control organization, including a chart 

showing lines of authority and acknowledgment that the CQC staff will 

implement the three phase control system for all aspects of the work 

specified. Include a CQC System Manager that reports to the project 

superintendent. 

 

b. The name, qualifications (in resume format), duties, responsibilities, 

and authorities of each person assigned a CQC function. 

 

A copy of the letter to the CQC System Manager signed by an 

authorized official of the firm which describes the responsibilities 

and delegates sufficient authorities to adequately perform the 

functions of the CQC System Manager, including authority to stop work 

which is not in compliance with the Contract. Letters of direction 

to all other various quality control representatives outlining 

duties, authorities, and responsibilities will be issued by the CQC 

System Manager. Furnish copies of these letters 

to the Contracting Officer. 

 

c. Procedures for scheduling, reviewing, certifying, and managing 

submittals, including those of subcontractors, designers of record, 

consultants, architect engineers (AE), offsite fabricators, suppliers, 

and purchasing agents. These procedures must be in accordance with 

Section 01 33 00 SUBMITTAL PROCEDURES. 

 

d. Control, verification, and acceptance testing procedures for each 

specific test to include the test name, specification paragraph 

requiring test, feature of work to be tested, test frequency, and 

person responsible for each test. (Laboratory facilities approved by 

the Contracting Officer are required to be used.) 

 

e. Procedures for tracking preparatory, initial, and follow-up control 

phases and control, verification, and acceptance tests including 

documentation. 

 

f. Procedures for tracking design and construction deficiencies from 

identification through acceptable corrective action. Establish 

verification procedures that identified deficiencies have been 

corrected. 

 

g. Reporting procedures, including proposed reporting formats. 

 

h. A list of the definable features of work. A definable feature of work 

is a task which is separate and distinct from other tasks, has 

separate control requirements, and is identified by different trades 

or disciplines, or it is work by the same trade in a different 

environment. Although each section of the specifications can 

generally be considered as a definable feature of work, there are 

frequently more than one definable features under a particular 

section. This list will be agreed upon during the coordination 

meeting. 
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i. Coordinate scheduled work with Special Inspections required by Section 

01 45 35 SPECIAL INSPECTIONS, the Statement of Special Inspections and 

the Schedule of Special Inspections. Where the applicable Code issue 

by the International Code Council (ICC) calls for inspections by the 

Building Official, the Contractor must include the inspections in the 

Quality Control Plan and must perform the inspections required by the 

applicable ICC. The Contractor must perform these inspections using 

independent qualified inspectors. Include the Special Inspection Plan 

requirements in the QC Plan. 

 

 

3.2.2 Acceptance of Plan 

 

Acceptance of the Contractor's plan is required prior to the start of 

design and construction. Acceptance is conditional and will be predicated 

on satisfactory performance during the design and construction. The 

Government reserves the right to require the Contractor to make changes in 

the Contractor Quality Control(CQC) Plan and operations including removal 

of personnel, as necessary, to obtain the quality specified. 

 

3.2.3 Notification of Changes 

 

After acceptance of the CQC Plan, notify the Contracting Officer in 

writing of any proposed change. Proposed changes are subject to 

acceptance by the Contracting Officer. 

 

3.3 COORDINATION MEETING 

 
After the Preconstruction Conference,Postaward Conference, before start of 

design or construction, and prior to acceptance by the Government of the 

CQC Plan, meet with the Contracting Officer and discuss the Contractor's 

quality control system. Submit the CQC Plan a minimum of 5 calendar days 

prior to the Coordination Meeting. During the meeting, a mutual 

understanding of the system details must be developed, including the forms 

for recording the CQC operations, design activities, control activities, 

testing, administration of the system for both onsite and offsite work, 

and the interrelationship of Contractor's Management and control with the 

Government's Quality Assurance. Minutes of the meeting will be prepared 

by the Government, signed by both the Contractor and the Contracting 

Officer and will become a part of the contract file. There can be 

occasions when subsequent conferences will be called by either party to 

reconfirm mutual understandings or address deficiencies in the CQC system 

or procedures which can require corrective action by the Contractor. 

 

3.4 QUALITY CONTROL ORGANIZATION 

 

3.4.1 Personnel Requirements 

 

The requirements for the CQC organization are a Safety and Health Manager, 

CQC System Manager, a Design Quality Manager, and sufficient number of 

additional qualified personnel to ensure safety and Contract compliance. 

The Safety and Health Manager reports directly to a senior project (or 

corporate) official independent from the CQC System Manager. The Safety 

and Health Manager will also serve as a member of the CQC Staff Personnel 

identified in the technical provisions as requiring specialized skills to 

assure the required work is being performed properly will also be included 

as part of the CQC organization. The Contractor's CQC staff maintains a 

presence at the site at all times during progress of the work and have 

complete authority and responsibility to take any action necessary to 

ensure Contract compliance. The CQC staff will be subject to acceptance 
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by the Contracting Officer. Provide adequate office space, filing systems 

and other resources as necessary to maintain an effective and fully 

functional CQC organization.  Promptly complete and furnish all letters, 

material submittals, shop drawing submittals, schedules and all other 

project documentation to the CQC organization. The CQC organization is 

responsible to maintain these documents and records at the site at all 

times, except as otherwise acceptable to the Contracting Officer. 

 

3.4.2 CQC System Manager 

 

Identify as CQC System Manager an individual within the onsite work 

organization that is responsible for overall management of CQC and has the 

authority to act in all CQC matters for the Contractor. The CQC System 

Manager is required to be a construction person with a minimum of 5 years 

in related work. This CQC System Manager is on the site at all times 

during construction and is employed by the prime Contractor. The CQC 

System Manager is assigned as CQC System Manager but has duties as project 

superintendent in addition to quality control. Identify in the plan an 

alternate to serve in the event of the CQC System Manager's absence. The 

requirements for the alternate are the same as the CQC System Manager. 

 

3.4.3 CQC Personnel 

 

In addition to CQC personnel specified elsewhere in the contract, provide 

as part of the CQC organization specialized personnel to assist the CQC 

System Manager for the following areas: electrical, mechanical, civil, 

structural, environmental, architectural submittals clerk. These 

individuals or specialized technical companies are employees of the prime 

or subcontractor; be responsible to the CQC System Manager; be physically 

present at the construction site during work on the specialized 

personnel’s areas of responsibility; have the necessary education or 

experience in accordance with the experience matrix listed herein. These 

individuals perform other duties but need to be allowed sufficient time to 

perform the specialized personnel's assigned quality control duties as 

described in the Quality Control Plan. A single person can cover more than 

one area provided that the single person is qualified to perform quality 

control activities in each designated and that workload allows. 

 

 
Experience Matrix 

Area Qualifications 

Civil Graduate Civil Engineer or Construction Manager with 
2 years experience in the type of work being 

performed on this project or technician with 5 yrs 

related experience 

Mechanical Graduate Mechanical Engineer with 2 yrs experience or 

person with 5 years of experience supervising 

mechanical features of work in the field with a 

construction company 
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Electrical Graduate Electrical Engineer with 2 years related 

experience or person 5 years of experience 

supervising electrical features of work in the field 

with a construction company 

Structural Graduate Civil Engineer (with Structural Track or 

Focus) or Construction Manager with 2 years 

experience or person 5 years of experience 

supervising structural features of work in the field 

with a construction company 

Architectural Graduate Architect with 2 years experience or person 

with 5 years related experience 

Environmental Graduate Environmental Engineer with 3 years 

experience 

Submittals Submittal Clerk with 1 year experience 

Occupied Family Housing Person, customer relations type, coordinator 

experience 

Concrete, Pavements and Soils Materials Technician with 2 years experience for the 

appropriate area 

Testing, Adjusting and 

Balancing (TAB) Personnel 

Specialist must be a member of AABC or an experienced 

technician of the firm certified by the NEBB 

Design Quality Control 

Manager 

Registered Architect or Professional Engineer 

 

 

3.4.4 Additional Requirement 

 

In addition to the above experience and education requirements, the 

Contractor Quality Control(CQC) System Manager and Alternate CQC System 

Manager are required to have completed the Construction Quality Management 

(CQM) for Contractors course. If the CQC System Manager does not have a 

current certification, obtain the CQM for Contractors course certification 

within 90 days of award. This course is periodically offered by the Naval 

Facilities Engineering Command and the Army Corps of Engineers. Contact 

the Contracting Officer for information on the next scheduled class. 

 

The Construction Quality Management Training certificate expires after 5 

years. If the CQC System Manager's certificate has expired, retake the 

course to remain current. 

 

3.4.5 Organizational Changes 

 

Maintain the CQC staff at full strength at all times. When it is necessary 

to make changes to the CQC staff, revise the CQC Plan to reflect the 

changes and submit the changes to the Contracting Officer for acceptance. 
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3.5 SUBMITTALS AND DELIVERABLES 

 

Submittals, if needed, have to comply with the requirements in Section 

01 33 00SUBMITTAL PROCEDURES. The CQC organization is responsible for 

certifying that all submittals and deliverables are in compliance with the 

contract requirements. When Section 01 91 00.15 10 TOTAL BUILDING 

COMMISSIONING are included in the contract, the submittals required by 

those sections have to be coordinated with Section 01 33 00 SUBMITTAL 

PROCEDURES to ensure adequate time is allowed for each type of submittal 

required. 

 

3.6 CONTROL 

 

CQC is the means by which the Contractor ensures that the construction, to 

include that of subcontractors and suppliers, complies with the 

requirements of the contract. At least three phases of control are 

required to be conducted by the CQC System Manager for each definable 

feature of the construction work as follows: 

 

3.6.1 Preparatory Phase 

 

This phase is performed prior to beginning work on each definable feature of 

work, after all required plans/documents/materials are approved/accepted, 

and after copies are at the work site. This phase includes: 

 

a. A review of each paragraph of applicable specifications, reference 

codes, and standards. Make available during the preparatory 

inspection a copy of those sections of referenced codes and standards 

applicable to that portion of the work to be accomplished in the 

field. Maintain and make available in the field for use by Government 

personnel until final acceptance of the work. 

b. Review of the Contract drawings. 

 

c. Check to assure that all materials and equipment have been tested, 

submitted, and approved. 

 

d. Review of provisions that have been made to provide required control 

inspection and testing. 

 

e. Review Special Inspections required by Section 01 45 35 SPECIAL 

INSPECTIONS, the Statement of Special Inspections and the Schedule of 

Special Inspections. 

 

f. Examination of the work area to assure that all required 

preliminary work has been completed and is in compliance with the 

Contract. 

 

g. Examination of required materials, equipment, and sample work to 

assure that they are on hand, conform to approved shop drawings or 

submitted data, and are properly stored. 

 

h. Review of the appropriate activity hazard analysis to assure 

safety requirements are met. 

 

i. Discussion of procedures for controlling quality of the work 

including repetitive deficiencies. Document construction tolerances 

and workmanship standards for that feature of work. 

 

j. Check to ensure that the portion of the plan for the work to be 
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performed has been accepted by the Contracting Officer. 

 

k.  Discussion of the initial control phase. 

 

l. The Government needs to be notified at least 48 hours in advance of 

beginning the preparatory control phase. Include a meeting conducted 

by the CQC System Manager and attended by the superintendent, other 

CQC personnel (as applicable), and the foreman responsible for the 

definable feature. Document the results of the preparatory phase 

actions by separate minutes prepared by the CQC System Manager and 

attach to the daily CQC report. Instruct applicable workers as to the 

acceptable level of workmanship required in order to meet contract 

specifications. 

 

3.6.2 Initial Phase 

 

This phase is accomplished at the beginning of a definable feature of 

work. Accomplish the following: 

 

a. Check work to ensure that it is in full compliance with contract 

requirements. Review minutes of the preparatory meeting. 

 

b. Verify adequacy of controls to ensure full contract compliance. 

Verify required control inspection and testing are in compliance with 

the contract. 

 

c. Establish level of workmanship and verify that it meets minimum 

acceptable workmanship standards. Compare with required sample panels 

as appropriate. 

 

d. Resolve all differences. 

 

e. Check safety to include compliance with and upgrading of the safety 

plan and activity hazard analysis. Review the activity analysis with 

each worker. 

 

f. The Government needs to be notified at least 48 hours in advance of 

beginning the initial phase for definable feature of work. Prepare 

separate minutes of this phase by the CQC System Manager and attach to 

the daily CQC report. Indicate the exact location of initial phase 

for definable feature of work for future reference and comparison with 

follow-up phases. 

 

g. The initial phase for each definable feature of work is repeated for 

each new crew to work onsite, or any time acceptable specified quality 

standards are not being met. 

 

h. Coordinate scheduled work with Special Inspections required by Section 

01 45 35 SPECIAL INSPECTIONS, the Statement of Special Inspections and 

the Schedule of Special Inspections. 

 

3.6.3 Follow-up Phase 

 

Perform daily checks to assure control activities, including control 

testing, are providing continued compliance with contract requirements, 

until completion of the particular feature of work. Record the checks in 

the CQC documentation. Conduct final follow-up checks and correct all 

deficiencies prior to the start of additional features of work which may 

be affected by the deficient work. Do not build upon nor conceal 

non-conforming work. Coordinate scheduled work with Special Inspections 
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required by Section 01 45 35 SPECIAL INSPECTIONS, the Statement of Special 

Inspections and the Schedule of Special Inspections. 

 

3.6.4 Additional Preparatory and Initial Phases 

 

Conduct additional preparatory and initial phases on the same definable 

features of work if: the quality of on-going work is unacceptable; if 

there are changes in the applicable CQC staff, onsite production 

supervision or work crew; if work on a definable feature is resumed after 

a substantial period of inactivity; or if other problems develop. 

 

3.7 TESTS 

 

3.7.1 Testing Procedure 

 

Perform specified or required tests to verify that control measures are 

adequate to provide a product which conforms to contract requirements. 

Upon request, furnish to the Government duplicate samples of test 

specimens for possible testing by the Government. Testing includes 

operation and acceptance tests when specified. Procure the services of a 

Corps of Engineers approved testing laboratory or establish an approved 

testing laboratory at the project site. Perform the following activities 

and record and provide the following data: 

 

a. Verify that testing procedures comply with contract requirements. 

 

b. Verify that facilities and testing equipment are available and comply 

with testing standards. 

 

c. Check test instrument calibration data against certified standards. 

 

d. Verify that recording forms and test identification control number 

system, including all of the test documentation requirements, have 

been prepared. 

 

e. Record results of all tests taken, both passing and failing on the CQC 

report for the date taken. Specification paragraph reference, 

location where tests were taken, and the sequential control number 

identifying the test. If approved by the Contracting Officer, actual 

test reports are submitted later with a reference to the test number 

and date taken. Provide an information copy of tests performed by an 

offsite or commercial test facility directly to the Contracting 

Officer. Failure to submit timely test reports as stated results in 

nonpayment for related work performed and disapproval of the test 

facility for this Contract. 

 

3.7.2 Testing Laboratories 

 

All testing laboratories must be validated by the USACE Material Testing 

Center (MTC) for the tests to be performed. Information on the USACE MTC 

with web-links to both a list of validated testing laboratories and for 

the laboratory inspection request for can be found at: 

https://mtc.erdc.dren.mil/. 

 

3.7.2.1 Capability Check 

 

The Government reserves the right to check laboratory equipment in the 

proposed laboratory for compliance with the standards set forth in the 

contract specifications and to check the laboratory technician's testing 

procedures and techniques. Laboratories utilized for testing soils, 
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concrete, asphalt, and steel is required to meet criteria detailed in 

ASTM D3740 and ASTM E329. 

 

3.7.2.2 Capability Recheck 

 

If the selected laboratory fails the capability check, the Contractor will 

be assessed a charge of the amount of the capability check to reimburse 

the Government for each succeeding recheck of the laboratory or the 

checking of a subsequently selected laboratory. Such costs will be 

deducted from the Contract amount due the Contractor. 

 

3.7.3 Onsite Laboratory 

 

The Government reserves the right to utilize the Contractor's control 

testing laboratory and equipment to make assurance tests, and to check the 

Contractor's testing procedures, techniques, and test results at no 

additional cost to the Government. 

 

3.8 COMPLETION INSPECTION 

 

3.8.1 Punch-Out Inspection 

 

Conduct an inspection of the work by the CQC System Manager near the end 

of the work, or any increment of the work established by a time stated in 

FAR 52.211-10 Commencement, Prosecution, and Completion of Work, or by the 

specifications. Prepare and include in the CQC documentation a punch list 

of items which do not conform to the approved drawings and specifications, 

as required by paragraph DOCUMENTATION. Include within the list of 

deficiencies the estimated date by which the deficiencies will be 

corrected. Make a second inspection the CQC System Manager or staff to 

ascertain that all deficiencies have been corrected. Once this is 

accomplished, notify the Government that the facility is ready for the 

Government Pre-Final inspection. 

 

3.8.2 Pre-Final Inspection 

 

The Government will perform the pre-final inspection to verify that the 

facility is complete and ready to be occupied. A Government Pre-Final 

Punch List may be developed as a result of this inspection. Ensure that 

all items on this list have been corrected before notifying the 

Government, so that a Final inspection with the customer can be 

scheduled. Correct any items noted on the Pre-Final inspection in a 

timely manner. These inspections and any deficiency corrections required 

by this paragraph need to be accomplished within the time slated for 

completion of the entire work or any particular increment of the work if 

the project is divided into increments by separate completion dates. 

 

 

3.8.3 Final Acceptance Inspection 

 

The Contractor's Quality Control Inspection personnel, plus the 

superintendent or other primary management person, and the Contracting 

Officer's Representative is required to be in attendance at the final 

acceptance inspection. Additional Government personnel including, but not 

limited to, those from Base/Post Civil Facility Engineer user groups, and 

major commands can also be in attendance. The final acceptance inspection 

will be formally scheduled by the Contracting Officer based upon results 

of the Pre-Final inspection. Notify the Contracting Officer at least 14 

days prior to the final acceptance inspection and include the Contractor's 

assurance that all specific items previously identified to the Contractor 

as being unacceptable, along with all remaining work performed under the 
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Contract, will be complete and acceptable by the date scheduled for the 

final acceptance inspection. Failure of the Contractor to have all 

contract work acceptably complete for this inspection will be cause for 

the Contracting Officer to bill the Contractor for the Government's 

additional inspection cost in accordance FAR 52.246-12 Inspection of 

Construction. 

 

3.9 DOCUMENTATION 

 

3.9.1 Quality Control Activities 

 

Maintain current records providing factual evidence that required quality 

control activities and tests have been performed. Include in these 

records the work of subcontractors and suppliers on an acceptable form 

that includes, as a minimum, the following information: 

 

a. The name and area of responsibility of the Contractor/Subcontractor. 

 

b. Operating plant/equipment with hours worked, idle, or down for repair. 

 

c. Work performed each day, giving location, description, and by whom. 

When Network Analysis (NAS) is used, identify each phase of work 

performed each day by NAS activity number. 

 

Test and control activities performed with results and references to 

specifications/drawings requirements. Identify the control phase 

(Preparatory, Initial, Follow-up). List of deficiencies noted, along 

with corrective action. 

 

d. Quantity of materials received at the site with statement as to 

acceptability, storage, and reference to specifications/drawings 

requirements. 

 

e. Submittals and deliverables reviewed, with Contract reference, by 

whom, and action taken. 

 

f. Offsite surveillance activities, including actions taken. 

 

g. Job safety evaluations stating what was checked, results, and 

instructions or corrective actions. 

 

h. Instructions given/received and conflicts in plans and specifications. 

 

i. Provide documentation of design quality control activities. For 

independent design reviews, provide, as a minimum, identification of 

the Independent Technical Review (ITR) team, the ITR review comments, 

responses and the record of resolution of the comments. 

 

3.9.2 Verification Statement 

 

a. Indicate a description of trades working on the project; the 

number of personnel working; weather conditions encountered; 

and any delays encountered. Cover both conforming and 

deficient features and include a statement that equipment and 

materials incorporated in the work and workmanship comply with 

the Contract. Furnish the original and one copy of these 

records in report form to the Government daily within 48 hours 

after the date covered by the report, except that reports need 

not be submitted for days on which no work is performed. 
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As a minimum, prepare and submit one report for every 7 days 

of no work and on the last day of a no work period. All 

calendar days need to be accounted for throughout the life of 

the contract. The first report following a day of  no work 

will be for that day only. Reports need to be signed and dated 

by the Contractor Quality Control(CQC) System Manager.

Include copies of test reports and copies of reports prepared 

by all subordinate quality control personnel within the CQC 

System Manager Report. 
 

3.10 NOTIFICATION OF NONCOMPLIANCE 

 

The Contracting Officer will notify the Contractor of any detected 

noncompliance with the foregoing requirements. Take immediate corrective 

action after receipt of such notice. Such notice, when delivered to the 

Contractor at the work site, will be deemed sufficient for the purpose of 

notification. If the Contractor fails or refuses to comply promptly, the 

Contracting Officer can issue an order stopping all or part of the work 

until satisfactory corrective action has been taken. No part of the time 

lost due to such stop orders will be made the subject of claim for 

extension of time or for excess costs or damages by the Contractor. 

 

-- End of Section - 
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SPECIAL INSPECTIONS 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE) 

 

ASCE 7-16 (2017; Errata 2018; Supp 1 2018) Minimum 

Design Loads and Associated Criteria for 

Buildings and Other Structures 

 

INTERNATIONAL CODE COUNCIL (ICC) 

 

ICC IBC (2018) International Building Code 

 

1.2 GENERAL REQUIREMENTS 

 

Perform Special Inspections in accordance with the Statement of Special 

Inspections, Schedule of Special Inspections and Chapter 17 of ICC IBC. 

The Statement of Special Inspections and Schedule of Special Inspections 

are included as an attachment to this specification. Special Inspections 

are to be performed by an independent third party and are intended to 

ensure that the work of the prime contractor is in accordance with the 

Contract Documents and applicable building codes. Special inspections do 

not take the place of the three phases of control inspections performed by 

the Contractor's QC Manager or any testing and inspections required by 

other sections of the specifications. 

 

1.3 DEFINITIONS 

 

1.3.1 Continuous Special Inspections 

 

Continuous Special Inspections is the constant monitoring of specific 

tasks by a special inspector. These inspections must be carried out 

continuously over the duration of the particular tasks. 

 

1.3.2 Perform 

 

Perform these Special Inspections tasks for each welded joint or member. 

 

1.3.3 Observe 

 

Observe these Special Inspections items on a periodic daily basis. 

Operations need not be delayed pending these inspections. 

 

1.3.4 Special Inspector (SI) 

 

A qualified person retained by the contractor and approved by the 

Contracting Officer as having the competence necessary to inspect a 

particular type of construction requiring Special Inspections. The SI 

must be an independent third party hired directly by the Prime Contractor. 
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1.3.5 Associate Special Inspector (ASI) 

 

A qualified person who assists the SI in performing Special Inspections 

but must perform inspection under the direct supervision of the SI and 

cannot perform inspections without the SI on site. 

 

1.3.6 Third Party 

 

A Special inspector must not be an employee of the Contractor or of any 

Sub-Contractor performing the work to be inspected. 

 

1.3.7 Special Inspector of Record (SIOR) 

 

A licensed engineer in responsible charge of supervision of all special 

inspectors for the project and approved by the Contracting officer. The 

SIOR must be an independent third party entity hired directly by the Prime 

Contractor. 

 

1.3.8 Contracting Officer 

 

The Government official having overall authority for administrative 

contracting actions. Certain contracting actions may be delegated to the 

Contracting Officer's Representative (COR). 

 

1.3.9 Contractor's Quality Control (QC) Manager 

 

An individual retained by the prime contractor and qualified in accordance 

with the Section 01 45 00.00 20 QUALITY CONTROL having the overall 

responsibility for the contractor's QC organization. 

 

1.3.10 Statement of Special Inspections (SSI) 

 

A document developed by the SER identifying the material, systems, 

components and work required to have Special Inspections. This statement 

should be at the end of this specification. 

 

1.3.11 Schedule of Special Inspections (SSI) 

 

A schedule which lists each of the required Special Inspections, the 

extent to which each Special Inspection is to be performed, and the 

required frequency for each in accordance with ICC IBC Chapter 17. This 

schedule should be at the end of this specification. 

 

1.3.13 Designated Seismic Systems (DSS) 

 
Those nonstructural components that require design in accordance with ASCE 

7-16 Chapter 13 and for which the component importance factor, Ip, is 

greater than 1.0. This designation applies to systems that are required 

to be operational following the Design Earthquake for RC I - IV structures 

and following the MCER for RC V structures. All systems in RC V 

facilities designated as MC-1 in accordance with UFC 3-301-02 are 

considered part of the Designated Seismic Systems. Designated Seismic 

Systems will have an Importance Factor Ip = 1.5. 

 

1.3.14 Definable Feature of Work (DFOW) 

 

An inspection group that is separate and distinct from other inspection 

groups, having inspection requirements and/or inspectors that are unique. 

 

1.4 SUBMITTALS 



SECTION 01 45 35 Page 4 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

 

SIOR Letter of Acceptance; G 

 

Special Inspections Project Manual; G 

 

Special Inspections Agency's Written NDT Practices with method and 

evidence of regular equipment calibration where applicable 

 

SD-06 Test Reports 

 

Special Inspections Daily Reports 

Special Inspections Biweekly Reports 

SD-07 Certificates 
 

Special Inspector of Record Qualifications; G 

Special Inspector Qualifications; G 

Qualification Records for NDT technicians 

SD-11 Closeout Submittals 

 

Interim Report of Special Inspections for Each DFOW; G 

Comprehensive Final Report of Special Inspections; G 
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1.5 SPECIAL INSPECTOR QUALIFICATIONS 

 

Submit qualifications for each special inspector and the special 

inspector of record; G. 

 

1.5.1 Special Inspector of Record (SIOR) 

Registered Professional Engineer with five years of related experience. 

 

 

PART 2 PRODUCTS 

 

2.1 FABRICATOR SPECIAL INSPECTIONS 

 

Special Inspections of fabricator's work performed in the fabricator's 

shop is required to be inspected in accordance with the Statement of 

Special Inspections and the Schedule of Special Inspections unless the 

fabricator is certified by the approved agency to perform such work 

without Special Inspections. Submit the following certification 

certifications to the Contracting Officer for information to allow work 

performed in the fabricator's shop to not be subjected to Special 

Inspections. 

 

 

PART 3 EXECUTION 

 

3.1 RESPONSIBILITIES 

 

3.1.1 Special Inspector of Record 

 

a. Supervise all Special Inspectors required by the contract documents 

and the IBC. 

 

b. Submit a SIOR Letter of Acceptance to the Contracting Officer 

attesting to acceptance of the duties of SIOR, signed and sealed by 

the SIOR. 

 

c. Verify the qualifications of all of the Special Inspectors. 

 

d. Verify the qualifications of fabricators. 

 

  e. Submit Special Inspections agency's written NDT practices for the 

monitoring and control of the agency's operations to include the 

following: 

 

(1) The agency's procedures for the selection and administration of 

inspection personnel, describing the training, experience and 

examination requirements for qualifications and certification of 

inspection personnel. 

 

(2) The agency's inspection procedures, including general inspection, 

material controls, and visual welding inspection. 

 

f. Submit qualification records for nondestructive testing (NDT) 

technicians designated for the project. 

 

g. Submit NDT procedures and equipment calibration records for NDT to be 

performed and equipment to be used for the project. 

 

  h. Prepare a Special Inspections Project Manual, which will cover the 
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following: 

 

(1) Roles and responsibilities of the following individuals during 

Special Inspections: SIOR, SI, ASI, General Contractor's QC 

Manager and SER. 

 

(2) Organizational chart and/or communication plan, indicating lines 

of communication. 

 

(3) Contractor's internal plan for scheduling inspections. Address 

items such as timeliness of inspection requests, who to contact 

for inspection requests, and availability of alternate inspectors. 

 

(4) Indicate the government reporting requirements. 

 

(5) Propose forms or templates to be used by SI and SIOR to document 

inspections. 

 

(6) Indicate procedures for tracking nonconforming work and 

verification that corrective work is complete. 

 

(7) Indicate how the SIOR and/or SI will participate in weekly QC 

meetings. 

 

(8) Indicate how Special Inspections of shop fabricated items will be 

handled when the fabricator's shop is not certified per paragraph 

FABRICATOR SPECIAL INSPECTIONS. 

 

(9) Include a section in the manual that covers each specific item 

requiring Special Inspections that is indicated on the Schedule of 

Special Inspections. Provide names and qualifications of each 

special inspector who will be performing the Special Inspections 

for each specific item. Provide detail on how the Special 

Inspections are to be carried out for each item so that the 

expectations are clear for the General Contractor and the 

Subcontractor performing the work. 

 

Make a copy of the Special Inspections Project Manual available on the 

job site during construction. Submit a copy of the Special Inspections 

Project Manual for approval. 

 

 

i. Attend coordination and mutual understanding meeting where the 

information in the Special Inspections Project Manual will be reviewed 

to verify that all parties have a clear understanding of the Special 

Inspections provisions and the individual duties and responsibilities 

of each party. 

 

j. Maintain a 3- ring binder for the Special Inspector's daily and 

biweekly reports and the Special Inspections Project Manual. This 

file must be located in a conspicuous place in the project 

trailer/office to allow review by the Contracting Officer and the SER. 

 

k. Submit a copy of the Special Inspector's daily reports to the QC 

Manager. 

 

l. Discrepancies that are observed during Special Inspections must be 

reported to the QC Manager for correction. If discrepancies are not 

corrected before the special inspector leaves the site the observed 

discrepancies must be documented in the daily report. 
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m. Submit a biweekly Special Inspections report until all work requiring 

Special Inspections is complete. A report is required for each 

biweekly period in which Special Inspections activity occurs, and must 

include the following: 

 

(1) A brief summary of the work performed during the reporting time 

frame. 

 

(2) Changes and/or discrepancies with the drawings, specifications 

and mechanical or electrical component certification, that were 

observed during the reporting period. 

 

(3) Discrepancies which were resolved or corrected. 

 

(4) A list of nonconforming items requiring resolution. 

 

(5) All applicable test results including nondestructive testing 

reports. 

 

   n. At the completion of each Definable Feature of Work (DFOW) requiring 

Special Inspections, submit an interim report that documents the 

Special Inspections completed for that DFOW including corrections of 

all discrepancies noted in the daily reports. Interim reports of 

Special Inspections must be signed and dated by the SIOR. 

 

   o. At the completion of the project submit a comprehensive final report 

of Special Inspections that documents the Special Inspections 

completed for the project including corrections of all discrepancies 

noted in the daily reports. The comprehensive final report of Special 

Inspections must be signed, dated and bear the seal of the SIOR. 

 

3.1.2 Quality Control Manager 

 

  a. Supervise all Special Inspectors required by the contract documents 

and the IBC. 

 

b. Verify the qualifications of all of the Special Inspectors. 

 

c. Verify the qualifications of fabricators. 

 

d. Maintain a 3- ring binder for the Special Inspector's daily and 

biweekly reports. This file must be located in a conspicuous place in 

the project trailer/office to allow review by the Contracting Officer 

and the SER. 

 

  e. Maintain a rework items list that includes discrepancies noted on 

the Special Inspectors daily report. 

 

3.1.3 Special Inspectors 

 

a. Inspect all elements of the project for which the special inspector is 

qualified to inspect and are identified in the Schedule of Special 

Inspections. 

 

b. Attend preparatory phase meetings related to the Definable Feature of 

Work (DFOW) for which the special inspector is qualified to inspect. 

 

  c. Submit Special Inspections agency's written NDT practices for the 

monitoring and control of the agency's operations to include the 
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following: 

 

(1) The agency's procedures for the selection and administration of 

inspection personnel, describing the training, experience and 

examination requirements for qualifications and certification of 

inspection personnel. 

 

(2) The agency's inspection procedures, including general inspection, 

material controls, and visual welding inspection. 

 

d. Submit qualification records for nondestructive testing (NDT) 

technicians designated for the project. 

 

e. Submit NDT procedures and equipment calibration records for NDT to be 

performed and equipment to be used for the project. 

 

  f. Submit a copy of the daily reports to the QC Manager. 

 

g. Discrepancies that are observed during Special Inspections must be 

reported to the QC Manager for correction. If discrepancies are not 

corrected before the special inspector leaves the site the observed 

discrepancies must be documented in the daily report. 

 

h. Submit a biweekly Special Inspection Report until all inspections are 

complete. A report is required for each biweekly period in which 

Special Inspections activity occurs, and must include the following: 

 

(1) A brief summary of the work performed during the reporting time 

frame. 

 

(2) Changes and/or discrepancies with the drawings, specifications 

and mechanical or electrical component certification, that were 

observed during the reporting period. 

 

(3) Discrepancies which were resolved or corrected. 

 

(4) A list of nonconforming items requiring resolution. 

 

(5) All applicable test result including nondestructive testing 

reports. 

 

 

   i. At the completion of each DFOW requiring Special Inspections, submit 

an interim report of Special Inspections that documents the Special 

Inspections completed for that DFOW. Identify the inspector 

responsible for each item inspected and corrections of all 

discrepancies noted in the daily reports. The interim report of 

Special Inspections must be signed, dated and indicate the 

certification of the special inspector qualifying them to conduct the 

inspection. 

 

  j. At the completion of the project submit a comprehensive final report 

of Special Inspections that documents the Special Inspections 

completed for the project and corrections of all discrepancies noted 

in the daily reports. The comprehensive final report of Special 

Inspections must be signed, dated and indicate the certification of 

the special inspector qualifying them to conduct the inspection. 
 

  k. Submit daily reports to the SIOR. 

 

 3.2 DEFECTIVE WORK 
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Check work as it progresses, but failure to detect any defective work or 

materials must in no way prevent later rejection if defective work or 

materials are discovered, nor obligate the Contracting Officer to accept 

such work. 

 

-- End of Section -- 
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ENVIRONMENTAL PROTECTION 

 

 

PART 1 GENERAL 

 

 

1.1 REFERENCES 

 

 
The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by the 

basic designation only. 

 

 

 

WETLANDS DELINEATION MANUAL (1987) Corps of Engineers Wetlands 

Delineation Manual 

 

33 CFR 328 Definitions of Waters of the United 

States 

40 CFR 150 - 189 Pesticide Programs 

40 CFR 260 Hazardous Waste Management System: 

General 

40 CFR 261 Identification and Listing of 

Hazardous Waste 

40 CFR 262 Standards Applicable to Generators 

of Hazardous Waste 

40 CFR 279 Standards for the Management of 

Used Oil 

40 CFR 302 Designation, Reportable Quantities, 

and Notification 

40 CFR 355 Emergency Planning and Notification 

40 CFR 68 Chemical Accident Prevention 

Provisions 

40 CFR 171 - 178 Hazardous Materials Regulations 

 

 
16 USC 470 et seq., Public Law 89- 

665 Stat.915 

 
National Historic Preservation Act 

of 1966, as amended 

 

 

 

 

 

 

1.2 DEFINITIONS. 
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1.2.1 Environmental Pollution and Damage: 

 

Environmental pollution and damage is the presence of chemical, physical, 

or biological elements or agents which adversely affect human health or 

welfare; unfavorably alter ecological balances of importance to human life; 

affect other species of importance to humankind; or degrade the environment 

aesthetically, culturally and/or historically. 

 

1.2.2 Environmental Protection: 

 

Environmental protection is the prevention/control of pollution and habitat 

disruption that may occur to the environment during construction. The 

control of environmental pollution and damage requires consideration of 

land, water, and air; biological and cultural resources; and includes 

management of visual aesthetics; noise; solid, chemical, gaseous, and 

liquid waste; radiant energy and radioactive material as well as other 

pollutants. 

 

1.2.3 Contractor Generated Hazardous Waste: 

 

Contractor generated hazardous waste means materials that, if abandoned or 

disposed of, may meet the definition of a hazardous waste. These waste 

streams would typically consist of material brought on site by the 

Contractor to execute work, but are not fully consumed during the course of 

construction. Examples include, but are not limited to, excess paint 

thinners (i.e. methylethylketone, toluene etc.), waste thinners, excess 

paints, excess solvents, waste solvents, and excess pesticides, and 

contaminated pesticide equipment rinse water. 

 

 

1.3 GENERAL REQUIREMENTS: 

 

 

Minimize environmental pollution and damage that may occur as the result of 

construction operations. The environmental resources within the project 

boundaries and those affected outside the limits of permanent work must be 

protected during the entire duration of this contract. Comply with all 

applicable environmental Federal, State, and local laws and regulations. 

Any delays resulting from failure to comply with environmental laws and 

regulations will be the Contractor's responsibility. 

 

 

1.4 SUBCONTRACTORS: 

 

 

Prime contractor is responsible for ensuring compliance with this section 

by all subcontractors. 

 

 

 

 

1.5 PAYMENT: 

 

 
No separate payment will be made for work covered under this section. 

Payment of fees associated with environmental permits, application, and/or 
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notices obtained by the Contractor, and payment of all fines/fees for 

violation or non-compliance with Federal, State, Regional and local laws 

and regulations are the Contractor's responsibility. All costs associated 

with this section must be included in the contract price. 

 

 

1.6 SUBMITTALS: 

 

 
Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for Contractor Quality Control 

approval. Submit the following: 

 

 

SD-01 Preconstruction Submittals 

Environmental Protection Plan; G 

 

 

1.7 ENVIRONMENTAL PROTECTION PLAN 

 

 
Prior to commencing construction activities or delivery of materials to the 

site, submit an Environmental Protection Plan for review and approval by 

the Contracting Officer. The purpose of the Environmental Protection Plan 

is to present a comprehensive overview of known or potential environmental 

issues which the Contractor must address during construction. Issues of 

concern must be defined within the Environmental Protection Plan as 

outlined in this section. Address each topic at a level of detail 

commensurate with the environmental issue and required construction 

task(s). Topics or issues which are not identified in this section, but are 

considered necessary, must be identified and discussed after those items 

formally identified in this section. Prior to submittal of the 

Environmental Protection Plan, meet with the Contracting Officer for the 

purpose of discussing the implementation of the initial Environmental 

Protection Plan; possible subsequent additions and revisions to the plan 

including any reporting requirements; and methods for administration of the 

Contractor's Environmental Plans. The Environmental Protection Plan must be 

current and maintained onsite by the Contractor. 

 

 

1.7.1 Compliance: 

 

 
No requirement in this Section will relieve the Contractor of any 

applicable Federal, State, and local environmental protection laws and 

regulations. During Construction, the Contractor will be responsible for 

identifying, implementing, and submitting for approval any additional 

requirements to be included in the Environmental Protection Plan. 

 

 

1.7.2 Contents 
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Include in the Environmental Protection Plan the following and additional 

information as appropriate. 

 

a. Names of individuals with the contractors organization who are 

responsible for ensuring adherence to the Environmental Protection Plan. 

 

b. Names and qualifications of individuals responsible for manifesting 

hazardous waste to be removed from the site if applicable. 

 

c. Description of Contractor’s environmental protection personnel 

training program and the names and qualifications of individuals 

responsible for providing or ensuring training. 

 

d. An erosion and sediment control plan which identifies the type and 

location of the erosion and sediment controls to be provided. The plan 

must include monitoring and reporting requirements to assure that the 

control measures are in compliance with the final approved erosion and 

sediment control plan, as well as Federal, State, and local laws and 

regulations. 

 

e. Drawings showing locations of proposed temporary excavations or 

embankments for haul roads, stream crossings, material storage areas, 

structures, sanitary facilities, and stockpiles of excess or spoil 

materials including methods to control runoff and to contain materials on 

the site. 

 

f. Traffic control plans including measures to reduce erosion of 

temporary roadbeds by construction traffic, especially during wet 

weather. Plan shall include measures to minimize the amount of mud 

transported onto the paved public roads by vehicles or runoff. 

 

i. Drawing showing the location of borrow areas. 

 

j. Include in the Spill Control plan the procedures, instructions, and 

reports to be used in the event of an unforeseen spill of a substance 

regulated by 40 CFR 68, Chemical Accident Prevention Provisions, 40 CFR 

302 Reportable Quantities, 40 CFR 355 Emergency Planning and 

Notification, and/or regulated under State or Local laws and 

regulations. The Spill Control Plan supplements the requirements of EM 

385-1-1. Include in this plan, as a minimum: 

 

 

 

(1) The name of the individual who will report any spills or hazardous 

substance releases and who will follow up with complete documentation. 

This individual will immediately notify the Contracting Officer and 

the Base Environmental Office in addition to the legally required 

Federal, State, and local reporting channels if a reportable quantity 

is released to the environment. Include in the plan a list of the 

required reporting channels and telephone numbers. 

 

(2) The name and qualifications of the individual who will be 

responsible for implementing and supervising the containment and 

cleanup. 
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(3) Training requirements for Contractor's personnel, methods of 

accomplishment, and documentation of accomplishment of the training. 

 

(4) A list of materials and equipment to be immediately available at 

the job site, tailored to cleanup work of the potential hazard(s) 

identified. 

 

(5) The names and locations of suppliers of containment materials and 

locations of additional fuel oil recovery, cleanup, restoration, and 

material-placement equipment available in case of an unforeseen spill 

emergency. 

 

(6) The methods and procedures to be used for expeditious contaminant 

cleanup. 

 

k. A non-hazardous solid waste disposal plan identifying methods and 

locations for solid waste disposal including clearing debris and 

schedules for disposal. 

 

(1) Identify any subcontractors responsible for the transportation and 

disposal of solid waste. Submit licenses or permits for solid waste 

disposal sites that are not a commercial operating facility. 

 

(2) Evidence of the disposal facility's acceptance of the solid waste 

must be attached to this plan during the construction. Attach a copy 

of each of the Non-hazardous Solid Waste Diversion Reports to the 

disposal plan. Submit the report for the previous quarter on the first 

working day after the first quarter that non-hazardous solid waste has 

been disposed and/or diverted (e.g. the first working day of January, 

April, July, and October). 

 

(3) Indicate in the report the total amount of waste generated and 

total amount of waste diverted in tons. 

 

(4) A recycling and solid waste minimization plan with a list of 

measures to reduce consumption of energy and natural resources. Detail 

in the plan the Contractor's actions to comply with and to participate 

in Federal, State, Regional, and local government sponsored recycling 

programs to reduce the volume of solid waste at the source. 

 

 

l. An air pollution control plan detailing provisions to assure that 

dust, debris, materials, trash, etc., do not become air borne and travel 

off the project site. 

 

m. A contaminant prevention plan that: identifies potentially hazardous 

substances to be used on the job site; identifies the intended actions to 

prevent introduction of such materials into the air, water, or ground; 

and details provisions for compliance with Federal, State, and local laws 

and regulations for storage and handling of these materials. In 

accordance with EM 385-1-1, a copy of the Material Safety Data Sheets 

(MSDS) and the maximum quantity of each hazardous material to be onsite 

at any given time must be included in the contaminant prevention plan. 

Update the plan as new hazardous materials are brought onsite or removed 

from the site. 
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n. A waste water management plan that identifies the methods and 

procedures for management and/or discharge of waste waters which are 

directly derived from construction activities, such as concrete curing 

water, clean-up water, dewatering of ground water, disinfection water, 

hydrostatic test water, and water used in flushing of lines. If a 

settling/retention pond is required, the plan must include the design of 

the pond including drawings, removal plan, and testing requirements for 

possible pollutants. If land application will be the method of disposal 

for the waste water, the plan must include a sketch showing the location 

for land application along with a description of the pretreatment methods 

to be implemented. If surface discharge will be the method of disposal, 

include a copy of the permit and associated documents as an attachment 

prior to discharging the waste water. If disposal is to a sanitary sewer, 

the plan must include documentation that the Waste Water Treatment Plant 

Operator has approved the flow rate, volume, and type of discharge. 

 

o. A cultural resources plan that includes Standard Operating Procedures 

1-9 as outlined in the Hill AFB Integrated Cultural Resources Management 

Plan relevant to the project for identifying and protecting cultural 

resources known to be on the project site: and/or procedures to be 

followed if cultural resources not previously known to be onsite or in 

the area are discovered during construction. Include in the plan methods 

to assure the protection of known or discovered resources, identifying 

lines of communication between Contractor personnel and the Contracting 

Officer. 

 

p. A Natural Resource and Wetland Plan that defines procedures for 

identifying and protecting natural resources, including wetlands, known 

to be on the project site: and/or identifies procedures to be followed if 

natural resources including wetlands, not previously known to be onsite 

or in the area are discovered during construction. Identify lines of 

communication between Contractor personnel and the Contracting Officer, 

as well as the Natural Resources Manager. 

 

 

1.8 PROTECTION FEATURES 

 

 
This paragraph supplements the Contract Clause PROTECTION OF EXISTING 

VEGETATION, STRUCTURES, EQUIPMENT, UTILITIES, AND IMPROVEMENTS. Prior to 

start of any onsite construction activities, the Contractor and the 

Contracting Officer will make a joint condition survey. Immediately 

following the survey, the Contractor will prepare a brief report including 

a plan describing the features requiring protection under the provisions of 

the Contract Clauses, which are not specifically identified on the drawings 

as environmental features requiring protection along with the condition of 

trees, shrubs, and grassed areas immediately adjacent to the site of work 

and adjacent to the Contractor's assigned storage area and access route(s), 

as applicable. This survey report will be reviewed by the Natural Resources 

Manager prior to being signed by both the Contractor and the Contracting 

Officer upon mutual agreement as to its accuracy and completeness. The 

Contractor must protect those environmental features included in the survey 

report and any indicated on the drawings, regardless of interference which 

their preservation may cause to the work under the contract. 

 

 

1.9 SPECIAL ENVIRONMENTAL REQUIREMENTS 
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Comply with the special environmental requirements listed in AFI 32-7020 

and OO-ALC HAFB Supplement 1. Contractor is required to show all tipping 

fee receipts to verify that solid waste were disposed of in the appropriate 

landfill. 

All excess soils and construction debris shall be transported to a 

permitted landfill off base. 

 

 

 

 
1.10 ENVIRONMENTAL ASSESSMENT OF CONTRACT DEVIATIONS 

 

 
Any deviations from the drawings, plans and specifications, requested by 

the Contractor and which may have an environmental impact, will be subject 

to approval by the Contracting Officer and may require an extended review, 

processing, and approval time. The Contracting Officer reserves the right 

to disapprove alternate methods, even if they are more cost effective, if 

the Contracting Officer determines that the proposed alternate method will 

have an adverse environmental impact. 

 

 

1.11 NOTIFICATION 

 

 
The Contracting Officer will notify the Contractor in writing of any 

observed noncompliance with Federal, State or local environmental laws or 

regulations, permits, and other elements of the Contractor's Environmental 

Protection plan. After receipt of such notice, the Contractor will inform 

the Contracting Officer of the proposed corrective action and take such 

action when approved by the Contracting Officer. The Contracting Officer 

may issue an order stopping all or part of the work until satisfactory 

corrective action has been taken. No time extensions will be granted or 

equitable adjustments allowed for any such suspensions. This is in addition 

to any other actions the Contracting Officer may take under the contract, 

or in accordance with the Federal Acquisition Regulation or Federal Law. 

 

 

1.12 HAZARDOUS, TOXIC AND RADIOACTIVE WASTE (HTRW) PERIMETER AIR MONITORING 

PART 2 PRODUCTS 

NOT USED 

 

PART 3 EXECUTION 

 

3.1 ENVIRONMENTAL PERMITS AND COMMITMENTS 

 

 
Obtaining and complying with all environmental permits and commitments 

required by Federal, State, Regional, and local environmental laws and 

regulations is the Contractor's responsibility. 

 

 

3.2 LAND RESOURCES 
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Confine all activities to areas defined by the drawings and specifications. 

Identify any land resources to be preserved within the work area prior to 

the beginning of any construction. Do not remove, cut, deface, injure, or 

destroy land resources including trees, shrubs, vines, grasses, topsoil, 

and land forms without approval, except in areas indicated on the drawings 

or specified to be cleared. Ropes, cables, or guys will not be fastened to 

or attached to any trees for anchorage unless specifically authorized. 

Provide effective protection for land and vegetation resources at all 

times, as defined in the following subparagraphs. Remove stone, soil, or 

other materials displaced into uncleared areas. 

 

 

3.2.1 Work Area Limits 

 

 
Mark the areas that need not be disturbed under this contract prior to 

commencing construction activities. Mark or fence isolated areas within the 

general work area which are not to be disturbed. Protect monuments and 

markers before construction operations commence. Where construction 

operations are to be conducted during darkness, any markers must be visible 

in the dark. The Contractor's personnel must be knowledgeable of the 

purpose for marking and/or protecting particular objects. 

 

 

3.2.2 Landscape 

 

Trees, shrubs, vines, grasses, land forms and other landscape features 

indicated and defined on the drawings to be preserved must be clearly 

identified by marking, fencing, or wrapping with boards, or any other 

approved techniques. Restore landscape features damaged or destroyed 

during construction operations outside the limits of the approved work 

area. Restoration techniques, procedures, and vegetation/seed choices 

must be approved by the Hill AFB Natural Resources Manager for impacts in 

the semi-improved and unimproved land designations. 

 

 

3.2.3 Erosion and Sediment Controls 
3.2.3.1 Providing erosion and sediment control measures in accordance with 

Federal, State, and local laws and regulations is the Contractor's 

responsibility. The erosion and sediment controls selected and maintained by 

the Contractor shall be such that water quality standards are not violated 

as a result of construction activities. The area of bare soil exposed at any 

one time by construction operations should be kept to a minimum. Construct 

or install temporary and permanent erosion and sediment control best 

management practices (BMPs) BMPs may include, but not be limited to, 

vegetation cover, stream bank stabilization, slope stabilization, silt 

fences, construction of terraces, interceptor channels, sediment traps, 

inlet and outfall protection, diversion channels, and sedimentation basins. 

Contractors will follow the requirements set forth in the UPDES Storm Water 

General Permit for Construction Activities, UTR300000 which can be found at: 

 

http://www.waterquality.utah.gov/UPDES/stormwatercon.htm 

 

 

 

3.2.3.2 Contractors and construction operators are required to prepare a 
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Storm Water Pollution Prevention Plan (SWPPP) and apply sediment and erosion 

control Best Management Practices (BMPs) as necessary to protect water 

quality, reduce the discharge of pollutants, and control waste such as, but 

not limited to, discarded building materials, concrete truck washout, 

chemicals, litter and sanitary waste at the construction site that may cause 

adverse impacts to water quality. The SWPPP requirements must be, at a 

minimum, equivalent with the SWPPP requirement set forth in the UPDES Storm 

Water General Permit for Construction Activities, UTR300000. 

 

3.2.3.3 Contractor shall attend a pre-construction SWPPP review which 

includes a review of the site design, the planned operations at the 

construction site, planned BMPs during the construction phase, and the 

planned BMPs to be used to manage runoff created after development. 

Contractor shall incorporate into the SWPPP opportunities for use of low 

impact design (LID) and green infrastructure and shall identify such use. 

Contractor shall see that storm water inspections are conducted at least 

biweekly using the Construction Storm Water Inspection Form (Checklist) 

found on the Utah Division of Water Quality website at: 

 

http://www.waterquality.utah.gov/UPDES/stormwatercon.htm.  
 

or obtain one from 75 CEG/CEVC. 

 

3.2.3.4 Contractor shall, based on site inspection findings, including the 

contractors site inspections, inspections by Base personnel or state 

personnel, take all necessary follow-up actions to ensure compliance with 

the storm water permit. 

All SWPPP’s must be reviewed and approved by 75 CEG/CEVC prior to submitting 

for a storm water construction permit from the DWQ. 

 

3.2.3.5 Post Construction Storm Water Management: 

 

3.2.3.5.1 The Contractor shall minimize the construction sites erosion and 

sediment loss by: minimizing the disturbance of native soils and vegetation; 

preserving areas that provide important water quality benefits; taking 

measures for flood control; and to protect the integrity of natural 

resources and sensitive areas. The contractor shall consider implementation 

of structural BMPs, where practicable, that infiltrate, evapotranspire or 

harvest and use storm water from the site to protect water quality. 

Structural controls may include green infrastructure practices such as 

rainwater harvesting, rain gardens, permeable pavement, and vegetated 

swales. The selection and design of post-construction controls must take 

into consideration clogging or obstruction issues, freeze-thaw problems, 

effect on slope stability and groundwater, and the ability to effectively 

maintain the control. The contractor shall identify the selection process 

of such structural controls and provide documentation of such process. 

 

3.2.3.5.2 The contractor shall identify specific hydrologic method or 

methods for calculating runoff volumes and flow rates to ensure consistent 

sizing of structural BMPs as part of the SWPPP reviews. Specific criteria 

which require that Best Management Practices (BMPs) are designed to treat 

the water from a specific design storm (e.g., the 2-year, 24-hour event) 

must be incorporated into the post-construction minimum control measure and 

documented as part of the project. 

 

3.2.3.5.3 For projects with a footprint greater than 5,000 square feet, the 

predevelopment hydrology of the property must be maintained with regards to 
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the temperature, rate, volume, and duration of flow. EISA Section 438 and 

the EPA Technical guidance on Implementing the Stormwater Runoff 

Requirements for Federal Projects under Section 438 of the Energy 

Independence and Security Act, shall be implemented. 

 

 

3.2.3.5.4 Contractor shall submit a Notice of Termination to 75 CEG/CEVC 

and DWQ within thirty days after completion of all construction activities, 

completion of final stabilization of all areas and final inspection by 75 

CEG/CEVC. Final stabilization is defined as completion of soil disturbing 

activities and a uniform perennial vegetative cover with a density of 70% 

of the native background vegetative cover has been established. Remove any 

temporary measures after the area has been stabilized. 

 

 

3.2.4 Contractor Facilities and Work Areas 

 

 
Place field offices, staging areas, stockpile storage, and temporary 

buildings in areas as directed by the Contracting Officer. Temporary 

movement or relocation of Contractor facilities will be made only when 

approved. Erosion and sediment controls must be provided for onsite borrow 

and spoil areas to prevent sediment from entering nearby waters. Temporary 

excavation and embankments for plant and/or work areas must be controlled 

to protect adjacent areas. 

 

 

3.3 WATER RESOURCES 

 

 
Monitor all water areas affected by construction activities to prevent 

pollution of surface and ground waters. Do not apply toxic or hazardous 

chemicals to soil or vegetation unless otherwise indicated. For 

construction activities immediately adjacent to impaired surface waters, 

the Contractor must be capable of quantifying sediment or pollutant loading 

to that surface water when required by State or Federally issued Clean 

Water Act permits. 

 

3.3.1 Cofferdams, Diversions, and Dewatering Operations 

 

Construction operations for dewatering, removal of cofferdams, tailrace 

excavation, and tunnel closure will be controlled at all times to maintain 

compliance with existing State water quality standards and designated uses 

of the surface water body. Comply with the State of Utah water quality 

standards and anti-degradation provisions and the Clean Water Act Section 

404, 2007 Nation Wide Permit Nos. 

3,5,6,7,12,14,18,20,23,25,27,30,37,38,39,42,43, 46, and 47. 

 

 

3.4 AIR RESOURCES 

 

 
Equipment operation, activities, or processes will be in accordance with 

all Federal and State air emission and performance laws and standards. 

 

3.4.1 Particulates 
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Dust particles; aerosols and gaseous by-products from construction 

activities; and processing and preparation of materials, such as from 

asphaltic batch plants; must be controlled at all times, including 

weekends, holidays and hours when work is not in progress. Maintain 

excavations, stockpiles, haul roads, permanent and temporary access roads, 

plant sites, spoil areas, borrow areas, and other work areas within or 

outside the project boundaries free from particulates which would cause the 

Federal, State, and local air pollution standards to be exceeded or which 

would cause a hazard or a nuisance. Sprinkling, chemical treatment of an 

approved type, baghouse, scrubbers, electrostatic precipitators or other 

methods will be permitted to control particulates in the work area. 

Sprinkling, to be efficient, must be repeated to keep the disturbed area 

damp at all times. Provide sufficient, competent equipment available to 

accomplish these tasks. Perform particulate control as the work proceeds 

and whenever a particulate nuisance or hazard occurs. Comply with all State 

and local visibility regulations. 

 

3.4.2 Odors 

 

Odors from construction activities must be controlled at all times. The 

odors must be in compliance with State regulations and/or local ordinances 

and may not constitute a health hazard. 

 

3.6 CHEMICAL MATERIALS MANAGEMENT AND WASTE DISPOSAL 

 

 
3.6.1 Refrigerants 

 

3.6.1.1 Technicians performing any work whether moving, repairing, 

replacing, or installing new refrigerant containing equipment must be EPA 

certified. 

 

3.6.1.2 All refrigerants remain property of the Air Force and must be 

recovered. 

 

3.6.1.3 Prior to removing or relocating existing equipment the remaining 

refrigerant must be evacuated from the equipment and all associated piping 

by a certified recovery or recycling machine. Reclaimed refrigerant will 

be returned to the government in containers supplied by the Air Force for 

that purpose. 

 

3.6.1.4 As-Built drawings shall clearly show the type of refrigerants 

installed and the final working charge of all refrigerant containing 

equipment. 

 

3.6.1.5 The contractor is not permitted to purchase any refrigerant on 

behalf of the government. If additional refrigerant is required beyond the 

pre-charge that comes with the equipment that refrigerant will be provided 

by the government. 

 

3.6.2 Solid Wastes 

 

Place solid wastes (excluding clearing debris) in containers which are 

emptied on a regular schedule. Handling, storage, and disposal must be 

conducted to prevent contamination. Employ segregation measures so that no 

hazardous or toxic waste will become co-mingled with solid waste. Transport 
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solid waste off Government property and dispose of it in compliance with 

Federal, State, and local requirements for solid waste disposal. A Subtitle 

D RCRA permitted landfill will be the minimum acceptable offsite solid 

waste disposal option. Verify that the selected transporters and disposal 

facilities have the necessary permits and licenses to operate. 

 

3.6.3 Chemicals and Chemical Wastes 

 

Dispense chemicals ensuring no spillage to the ground or water. Perform and 

document periodic inspections of dispensing areas to identify leakage and 

initiate corrective action. This documentation will be periodically 

reviewed by the Government. Collect chemical waste in corrosion resistant, 

compatible containers. Collection drums must be monitored and removed to a 

staging or storage area when contents are within 150 mm (6 inches) of the 

top. Wastes will be classified, managed, stored, and disposed of in 

accordance with Federal, State, and local laws and regulations. 

 

3.6.4 Contractor Generated Hazardous Wastes/Excess Hazardous Materials 

 

3.6.4.1 Hazardous wastes are defined in 40 CFR 261, or are as defined by 

applicable State and local regulations. Hazardous materials are defined in 

49 CFR 171 - 178. At a minimum, manage and store hazardous waste in 

compliance with 40 CFR 262 in accordance with the Installation hazardous 

waste management plan. Take sufficient measures to prevent spillage of 

hazardous and toxic materials during dispensing. Segregate hazardous waste 

from other materials and wastes; protect it from the weather by placing it 

in a safe covered location, and take precautionary measures such as berming 

or other appropriate measures against accidental spillage. Storage, 

describing, packaging, labeling, marking, and placarding of hazardous waste 

and hazardous material in accordance with 40 CFR 262, 49 CFR 171 - 178, and 

applicable State and local laws and regulations is the Contractor's 

responsibility. Transport Contractor generated hazardous waste off 

Government property within 60 days in accordance with the Environmental 

Protection Agency and the Department of Transportation laws and 

regulations. Ensure that all hazardous waste shipping manifests are signed 

by authorized Hill AFB personnel prior to shipment. Dispose of hazardous 

waste in compliance with Federal, State and local laws and regulations. 

Spills of hazardous or toxic materials must be immediately reported to the 

Hill AFB Fire Department (dial 911 while on base), Contracting Officer and 

the Facility Environmental Office. Cleanup and cleanup costs due to spills 

are the Contractor's responsibility. The disposition of Contractor 

generated hazardous waste and excess hazardous materials are the 

Contractor's responsibility. 

 

3.6.4.2 All hazardous wastes such as sandblast media, chlorinated solvents, 

paints and paint thinners, and fuels will be labeled with a Hill AFB issued 

hazardous waste label and tracked in the Hill AFB inventory management 

system to ensure timely removal and proper disposal. There shall be no on- 

base disposal allowed, including use of drains (sanitary, storm, or 

industrial wastewater) or the ground. The contractor is responsible for 

properly collecting and disposing contractor generated hazardous waste. 

Exceptions may be made for small amounts of hazardous waste on a case by 

case basis. In such cases, with approval, 75 GEG/CEVC may opt to provide 

containers and take possession of the waste and arrange disposal. 

Contractor shall include waste handling and disposal costs in their budget 

because exceptions are not guaranteed.  The contractor shall follow the 
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basic requirements which are in the Base Hazardous Waste Management Plan 

for site requirements, signage and site management, not to include 

supplies, and services designed for the Base and other costs mentioned 

above. 

 

3.6.4.3 All drums/containers must be labeled with a hazardous waste label. 

The proper DOT shipping name, UN numbers, EPA waste number, generator 

information, and accumulation start date on the label must be filled out. 

The label must be placed in the upper third of the drum/container. 

Drums/containers shall be kept closed except when adding waste. Hazardous 

waste drums must be stored in an area authorized by Environmental 

Management Division (75 CEG/CEV). 

 

3.6.4.4 All drums used to store hazardous waste must be non-leaking and safe 

to handle. Drums that are rusty, dented, or leaking should be over- packed.

 Drums and/or over-packs must be purchased by the Contractor. All 

drums purchased by the Contractor must be DOT approved for containing 

Hazardous Waste which may include the following specification numbers 5B, 

17E or 17H. The specification numbers are stamped on the bottom of the  

drum. The contractor shall be responsible to see that proper containers 

are used. All hazardous waste sites upon the date of receiving hazardous 

waste must be inspected weekly. In accordance with the Hill AFB hazardous 

waste management plan, hazardous waste containers can only be stored for 70 

days after the accumulation start date. 

 

3.6.4.5 The Contractor shall coordinate with a Hazardous Waste Customer 

Support Person and obtain from 75 CEG/CEV, north end of Building 5, a site 

book, a container log and a weekly inspection form. The contractor shall 

complete an inspection and fill out an inspection checklist each week the 

containers are on the site. Completed checklists must be forwarded to 75 

CEG/CEVC (customer support) every Friday until the drums are properly 

disposed of by the Contractor. The contractor shall provide a properly 

filled out Hazardous Waste Manifest to 75 CEG/CEVC for review prior to the 

removal of any Hazardous Waste from the Base and shall only use a 

contractor authorized to haul Hazardous Waste to transport the Hazardous 

waste off Base while meeting all the requirements of 49 CFR. Hazardous 

waste manifests must be signed by authorized Hill AFB personnel prior to 

shipment. 

 

3.6.4.6 POL storage larger than 55 gallons requires secondary containment. 

This may be accomplished by a double-walled container or by a catch basin. 

Siting of this will be approved by the Base Fire Department and the 

Environmental Management Division. 

 

3.6.4.7 Storage of oils, greases, chemicals, or other liquids will require 

secondary containment as described in the Hill AFB hazardous waste 

management plan for spill prevention and security. A minimum of 40 pounds 

(18 kg) of absorbent material per 44 gallons (167 liters) of 

chemical/oil/grease will be on hand for spill control. 

 

3.6.4.8 All spills shall be reported by dialing 911 and giving information 

as to spill location, type of material and estimated quantity, and if the 

spill is contained. The Contractor will ensure appropriate personnel 

protective equipment (PPE) is available to take care of spill cleanup and 

handling of residue. 
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3.6.4.9 Spray painting shall utilize high-transfer efficiency equipment with 

low-volatile organic compound (low-VOC) paints or water base paints. The 

VOC content of low-VOC paint shall be 3.5 pounds per gallon or less for 

primers, topcoats, and specialty coatings--for clear coats, 4.3 pounds or 

less. If a low-VOC paint is not available for the application, a paint 

waiver shall be obtained from 75 CEG/CEV by contacting the Civil 

Engineering Project Manager. Uncontrolled spray painting with high-VOC 

paints shall not be performed. 

 

3.6.4.10 Contractor sites will be maintained at all times. Damage due to 

erosion and control of fugitive dust will be the responsibility of the 

Contractor. An on-site review will be conducted by the Contracting 

Officer, the Construction Engineer, and the Environmental Management 

Division (75 CEG/CEV) prior to use of any location for contractor setup. A 

follow-up program for site overview will be maintained by all parties. 

Release of the site by the Contractor will be accompanied by a final site 

review, at which time site deficiencies will be noted. The Contractor will 

have 14 calendar days to correct deficiencies. Final contract payment will 

be withheld pending completion of the deficiency list. 

 

3.6.4.11 Universal and toxic wastes: Universal wastes include batteries, 

fluorescent tubes, other mercury containing bulbs, and mercury containing 

thermostats. Some of these items may be found in a building before 

demolition or remodeling and should be disposed of properly. Toxic wastes 

include asbestos, lead based paint and PCBs. Asbestos and lead based paint 

will be abated before demolition or remodeling; however, older light 

fixtures may have ballasts which contain dielectric fluid with PCBs. All 

batteries (usually lead acid), fluorescent tubes, mercury containing bulbs, 

mercury containing thermostats, and older light ballasts with PCBs will be 

carefully collected in labeled containers in accordance with all applicable 

laws. Ideally these items will be recycled; however, disposal may be used 

when recycling costs are not reasonable. All recycling and disposal will 

be done in accordance with applicable laws. 

3.6.4.12 Asbestos and Lead-Based Paint: The Contractor is cautioned that 

materials in and around this project may contain asbestos or be coated with 

Lead-Based Paint (LBP). The government will make every effort to locate 

and identify all Asbestos Containing Materials (ACM) and LBP prior to 

bidding; however, this is not always possible. These materials are often 

hidden and cannot be discovered until after demolition has begun. The 

failure of the government to identify all ACM and LBP in no way relieves 

the Contractor from his legal obligation to comply with state and federal 

regulations regarding the handling of asbestos, lead, or LBP. If suspected 

asbestos containing materials or LBP surfaces are encountered, immediately 

cease work and notify the Contracting Officer and the project manager 

immediately. Do not conduct or continue with any work that will violate 

any Air Force, local, state or federal regulations regarding asbestos, 

lead, or LBP.  If suspected materials or surfaces have not been disturbed, 

secure and post signs in the area where the materials are located to ensure 

that they are not disturbed. If the suspected materials have already been 

disturbed, secure and post signs in the area where the material was 

originally located, any areas to which materials have been moved, and any 

containers that suspect materials may have been placed in. Take all 

necessary steps to ensure that materials are not further disturbed, moved, 

or disposed of until directed to do so by the Contracting Officer.  Failure 

to notify the government promptly or failure to comply with state and 

federal regulations will be grounds for termination of their contract and 
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may result in other appropriate civil and/or criminal actions. "The 

Contractor will be fully responsible for any and all fines or other 

penalties resulting from his acts and /or omissions pursuant to law and 

regulation. At the Pre-Construction Conference, the contractor will be 

required to sign the "Contractor's Notification of Hazardous Materials 

Requirements" at the end of this Section. The government will perform 

asbestos and lead-based paint surveys for every renovation and demolition 

project. These surveys shall be posted on site prior to starting any work 

and must be maintained on site until the project has been completed. 

3.6.4.13 Standards for Demolition and Renovation: The contractor shall 

comply with 40 CFR 61.145 “Standard for Demolition and Renovation” and the 

Utah Administrative Code R307-801 “Utah Asbestos Rule.” The contractor 

shall complete the applicable Utah Division of Air Quality notification 

form with the assistance of the government's project manager and the Base 

Asbestos Manager. The contractor shall submit the applicable form to the 

State with a copy sent to the government's Project Manager. Forms are 

available at the following web site: 

https://deq.utah.gov/legacy/forms/air-quality/asbestos-forms.htm 
 

3.6.4.14 Banned Ozone Depleting Substances (ODS): Heating, Ventilating and 

Air Conditioning equipment which use chlorofluorocarbon (CFC) refrigerants 

are strictly prohibited. This includes but is not limited to R-11, R-12, 

R-13, R111, R-112, R-113, R-114, R-115, R-211, R-212, R-213, R-214, R-215, 

R-216 and R-217. Fire protection systems using Halon 1211, 1301 or 2402 

are also prohibited. Other substances banned from use on the work site 

include carbon tetrachloride, methyl chloroform and methyl bromide. 

 

3.6.5 Fuel and Lubricants 

 

Storage, fueling, and lubrication of equipment and motor vehicles must be 

conducted in a manner that affords the maximum protection against spill and 

evaporation. Manage and store fuel, lubricants, and oil in accordance with 

all Federal, State, Regional, and local laws and regulations. Used 

lubricants and used oil to be discarded must be stored in marked corrosion- 

resistant containers and recycled or disposed in accordance with 40 CFR 279 

Standards for the Management of Used Oil , State, and local laws and 

regulations. Storage of fuel on the project site for construction 

activities is not allowed. Fuel must be brought to the project site each 

day that work is performed. All permanent fuel storage tanks constructed 

for generators, etc must have spill containment for 110% of stored fuel. 

Any tanks needed for chemicals, oils, and other liquids must have spill 

containment for 110% of stored product. 

 

3.6.6 Waste Water 

 

Disposal of waste water will be as specified below. 

 

a. Waste water from construction activities, such as onsite material 

processing, concrete curing, foundation and concrete clean-up, water used 

in concrete trucks, forms, etc. will not be allowed to enter water ways or 

to be discharged prior to being treated to remove pollutants. Dispose of 

the construction related waste water off-Government property in accordance 

with all Federal, State, Regional and Local laws and regulations. 

 

b. Water generated from the flushing of lines after disinfection or 

disinfection in conjunction with hydrostatic testing will be discharged 
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into the HAZARDOUS WASTE TREATMENT following notification to the Treatment 

Plant's Operator. 

 

3.7 RECYCLING AND WASTE MINIMIZATION 

 

 

Participate in State and local government sponsored recycling programs. 

Maintain a recycling inventory and include this in the diversion report 

specified under 3.8.4. The Contractor is further encouraged to minimize 

solid waste generation throughout the duration of the project. 

 

 

3.8 NON-HAZARDOUS SOLID WASTE DIVERSION 

 

 
3.8.1 Concrete and Excavated soils that have been determined to be “clean” 

shall be managed by disposing in an off-base Class I, II, III, IV or V 

permitted landfill. The contractor shall submit a copy of the receipt for 

the landfill fee to the Contracting Officer to confirm proper disposal. 

 

3.8.2 Asphalt debris may be reused as road base on Hill AFB only. 

Otherwise, asphalt debris shall be managed by disposing in an off-base 

Class I, II, III, IV or V permitted landfill. The contractor shall submit 

a copy of the receipt for the landfill fee to the Contracting Officer to 

confirm proper disposal. 

 

3.8.3 All non-recyclable, non-hazardous solid waste shall be sent to off 

base permitted disposal facilities. Other questions regarding the disposal 

of non-hazardous solid waste should be directed to the Civil Engineering 

Project Manager. 

 

3.8.4 The Contractor is required to develop a comprehensive Solid Waste 

Management Plan detailing how the contractor will achieve 54% minimum (by 

weight) waste diversion. Maintain an inventory of non-hazardous solid waste 

diversion and disposal of construction and demolition debris. Submit a 

report through the Contracting Officer on the first working day after each 

quarter, starting the first quarter that non-hazardous solid waste has been 

generated. A form template may be obtained from the Civil Engineering 

project manager. Include the following in the report: 

 

a. Construction and Demolition (C&D) Debris Disposed = [  ] in tons. 

 

b. Construction and Demolition (C&D) Debris Recycled = [  ] in tons. 

 

c. Total C&D Debris Generated = [  ] in tons. 

 

d. Receipts for waste sent to landfills. [  ] in tons. 

 

 

3.9 CULTURAL RESOURCES 

 

 

If during excavation or other construction activities any previously 

unidentified or unanticipated cultural resources are discovered or found 

Standard Operating Procedures 5-6 as outlined in the Hill AFB Integrated 

Cultural Resources Management Plan will be followed. 
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3.10 NATURAL RESOURCES 

 

 

3.10.1 Minimize interference with, disturbance to, and damage to fish, 

wildlife, and plants including their habitat. The protection of threatened 

and endangered, or State Sensitive animal and plant species, including 

their habitat, is the Contractor's responsibility in accordance with 

Federal, State, Regional, and local laws and regulations. 

 

3.10.2 Trees, shrubs, vines, grasses, land forms and other landscape 

features indicated and defined on the drawings to be preserved must be 

clearly indicated by marking, fencing, wrapping, or other approved 

techniques. Restore landscape features damaged or destroyed during 

construction operations outside the limits of approved work area. 

Restoration techniques, procedures, and vegetation/seed choices must be 

approved by the Hill AFB Natural Resources manager for impacts in the semi- 

improved and unimproved land designations. In addition, any trees removed 

during construction of a project must be replaced according to the Hill Air 

Force Base Tree Replacement Policy. A replacement plan will be developed 

and agreed upon prior to construction land preparation. 

 

3.11 TRAINING OF CONTRACTOR PERSONNEL 

 

 

The Contractor's personnel must be trained in all phases of environmental 

protection and pollution control. Conduct environmental 

protection/pollution control meetings for all personnel prior to commencing 

construction activities. Additional meetings must be conducted for new 

personnel and when site conditions change. Include in the training and 

meeting agenda: methods of detecting and avoiding pollution; 

familiarization with statutory and contractual pollution standards; 

installation and care of devices, vegetative covers, and instruments 

required for monitoring purposes to ensure adequate and continuous 

environmental protection/pollution control; anticipated hazardous or toxic 

chemicals or wastes, and other regulated contaminants; recognition and 

protection of cultural resources, wetlands, and endangered species and 

their habitat that are known to be in the area. 

 

 

3.12 POST CONSTRUCTION CLEANUP 

 

 
The Contractor will clean up all areas used for construction in accordance 

with Contract Clause: "Cleaning Up". Unless otherwise instructed in writing 

by the Contracting Officer, obliterate all signs of temporary construction 

facilities such as haul roads, work area, structures, foundations of 

temporary structures, stockpiles of excess or waste materials, and other 

vestiges of construction prior to final acceptance of the work. The 

disturbed area must be graded, filled and the entire area seeded unless 

otherwise indicated. 

 

 

 

 
-- End of Section 01 57 20 – 

ENVIRONMENTAL PROTECTION 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM E1971 (2005; R 2011) Standard Guide for 

Stewardship for the Cleaning of Commercial 

and Institutional Buildings 
 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-10 Operation and Maintenance Data 

O&M Database ; G 

Training Plan ; G 

 Training Outline ; G 

Training Content ; G 

SD-11 Closeout Submittals 

 

Training Video Recording ; G 

Validation of Training Completion ; G 

1.3 OPERATION AND MAINTENANCE DATA 

 

Submit Operation and Maintenance (O&M) Data for the provided equipment, 

product, or system, defining the importance of system interactions, 

troubleshooting, and long-term preventive operation and maintenance. 

Compile, prepare, and aggregate O&M data to include clarifying and 

updating the original sequences of operation to as-built conditions. 

Organize and present information in sufficient detail to clearly explain 

O&M requirements at the system, equipment, component, and subassembly 

level. Include an index preceding each submittal. Submit in accordance 

with this section and Section 01 33 00 SUBMITTAL PROCEDURES. 

 

1.3.1 Package Quality 
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Documents must be fully legible. Operation and Maintenance data must be 

consistent with the manufacturer's standard brochures, schematics, printed 

instructions, general operating procedures, and safety precautions. 

 

1.3.2 Package Content 

 

Provide data package content in accordance with paragraph SCHEDULE OF 

OPERATION AND MAINTENANCE DATA PACKAGES. Comply with the data package 

requirements specified in the individual technical sections, including the 

content of the packages and addressing each product, component, and system 

designated for data package submission, except as follows. Use Data 

Package 5 for commissioned items without a specified data package 

requirement in the individual technical sections. Provide a Data Package 

5 instead of Data Package 1 or 2, as specified in the individual technical 

section, for items that are commissioned. 

 

1.3.3 Changes to Submittals 

 

Provide manufacturer-originated changes or revisions to submitted data if 

a component of an item is so affected subsequent to acceptance of the O&M 

Data. Submit changes, additions, or revisions required by the Contracting 

Officer for final acceptance of submitted data within 30 calendar days of 

the notification of this change requirement. 

 

1.3.4 Commissioning Authority Review and Approval 

 

Submit the commissioned systems and equipment submittals to the 

Commissioning Authority (CxA) to review for completeness and 

applicability. Obtain validation from the CxA that the systems and 

equipment provided meet the requirements of the Contract documents and 

design intent, particularly as they relate to functionality, energy 

performance, water performance, maintainability, sustainability, system 

cost, indoor environmental quality, and local environmental impacts. The 

CxA communicates deficiencies to the Contracting Officer. Submit the O&M 

manuals to the Contracting Officer upon a successful review of the 

corrections, and with the CxA recommendation for approval and acceptance 

of these O&M manuals. This work is in addition to the normal review 

procedures for O&M data. 

 

 1.4 O&M DATABASE 

 

Develop an editable, electronic spreadsheet based on the equipment in the 

Operation and Maintenance Manuals that contains the information required to 

start a preventive maintenance program. As a minimum, provide list of system 

equipment, location installed, warranty expiration date, manufacturer, model, 

and serial number. 

 
1.5 OPERATION AND MAINTENANCE MANUAL FILE FORMAT 

 

Assemble data packages into electronic Operation and Maintenance Manuals. 

Assemble each manual into a composite electronically indexed file using 

the most current version of Adobe Acrobat or similar software capable of 

producing PDF file format. Provide compact disks (CD) or data digital 

versatile disk (DVD) as appropriate, so that each one contains operation, 

maintenance and record files, project record documents, and training 

videos. Include a complete electronically linked operation and 

maintenance directory. 

 

1.5.1 Organization 

 

Bookmark Product and Drawing Information documents using the current 
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version of CSI Masterformat numbering system, and arrange submittals using 

the specification sections as a structure. Use CSI Masterformat and UFGS 

numbers along with descriptive bookmarked titles that explain the content 

of the information that is being bookmarked. 

 

1.5.2 CD or DVD Label and Disk Holder or Case 

 

Provide the following information on the disk label and disk holder or 

case: 

 

a. Building Number 

 

b. Project Title 

 

c. Activity and Location 

d. Construction Contract Number 

 

e. Prepared For: (Contracting Agency) 

 

f. Prepared By: (Name, title, phone number and email address) 

 

g. Include the disk content on the disk label 

 

h. Date 

 

i. Virus scanning program used 

 

1.6 TYPES OF INFORMATION REQUIRED IN O&M DATA PACKAGES 

 

The following are a detailed description of the data package items listed 

in paragraph SCHEDULE OF OPERATION AND MAINTENANCE DATA PACKAGES. 

 

1.6.1 Operating Instructions 

 

Provide specific instructions, procedures, and illustrations for the 

following phases of operation for the installed model and features of each 

system: 

 

1.6.1.1 Safety Precautions and Hazards 

 

List personnel hazards and equipment or product safety precautions for 

operating conditions. List all residual hazards identified in the 

Activity Hazard Analysis provided under Section 01 35 26 GOVERNMENT SAFETY 

REQUIREMENTS. Provide recommended safeguards for each identified hazard. 

 

1.6.1.2 Operator Prestart 

 

Provide procedures required to install, set up, and prepare each system 

for use. 

 

1.6.1.3 Startup, Shutdown, and Post-Shutdown Procedures 

 

Provide narrative description for Startup, Shutdown and Post-shutdown 

operating procedures including the control sequence for each procedure. 

 

1.6.1.4 Normal Operations 

 

Provide Control Diagrams with data to explain operation and control of systems 

and specific equipment. Provide narrative description of Normal Operating 

Procedures. 
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1.6.1.5 Emergency Operations 

 

Provide Emergency Procedures for equipment malfunctions to permit a short 

period of continued operation or to shut down the equipment to prevent 

further damage to systems and equipment. Provide Emergency Shutdown 

Instructions for fire, explosion, spills, or other foreseeable 

contingencies. Provide guidance and procedures for emergency operation of 

utility systems including required valve positions, valve locations and 

zones or portions of systems controlled. 

 

1.6.1.6 Operator Service Requirements 

 

Provide instructions for services to be performed by the operator such as 

lubrication, adjustment, inspection, and recording gauge readings. 

 

1.6.1.7 Environmental Conditions 

 

Provide a list of Environmental Conditions (temperature, humidity, and 

other relevant data) that are best suited for the operation of each 

product, component or system. Describe conditions under which the item 

equipment should not be allowed to run. 

 

1.6.1.8 Operating Log 

 

Provide forms, sample logs, and instructions for maintaining necessary 

operating records. 

 

1.6.1.9 Additional Requirements for HVAC Control Systems 

Provide Data Package 5 and the following for control systems: 

a. Narrative description on how to perform and apply functions, features, 

modes, and other operations, including unoccupied operation, seasonal 

changeover, manual operation, and alarms. Include detailed technical 

manual for programming and customizing control loops and algorithms. 

 

b. Full as-built sequence of operations. 

 

c. Copies of checkout tests and calibrations performed by the Contractor 

(not Cx tests). 

 

d. Full points list. Provide a listing of rooms with the following 

information for each room: 

 

(1) Floor 

 

(2) Room number 

 

(3) Room name 

 

(4) Air handler unit ID 

 

(5) Reference drawing number 

 

(6) Air terminal unit tag ID 

 

(7) Heating or cooling valve tag ID 

 

(8) Minimum cfm 
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(9) Maximum cfm 

 

e. Full print out of all schedules and set points after testing and 

acceptance of the system. 

 

f. Full as-built print out of software program. 

 

g. Marking of system sensors and thermostats on the as-built floor plan 

and mechanical drawings with their control system designations. 

 

1.6.2 Preventive Maintenance 

 

Provide the following information for preventive and scheduled maintenance 

to minimize repairs for the installed model and features of each system. 

Include potential environmental and indoor air quality impacts of 

recommended maintenance procedures and materials. 

 

1.6.2.1 Lubrication Data 

 

Include the following preventive maintenance lubrication data, in addition 

to instructions for lubrication required under paragraph OPERATOR SERVICE 

REQUIREMENTS: 

 

a. A table showing recommended lubricants for specific temperature ranges 

and applications. 

 

b. Charts with a schematic diagram of the equipment showing lubrication 

points, recommended types and grades of lubricants, and capacities. 

 

c. A Lubrication Schedule showing service interval frequency. 

 

1.6.2.2 Preventive Maintenance Plan, Schedule, and Procedures 

 

Provide manufacturer's schedule for routine preventive maintenance, 

inspections, condition monitoring (predictive tests) and adjustments 

required to ensure proper and economical operation and to minimize 

repairs. Provide instructions stating when the systems should be 

retested.  Provide manufacturer's projection of preventive maintenance 

work-hours on a daily, weekly, monthly, and annual basis including craft 

requirements by type of craft. For periodic calibrations, provide 

manufacturer's specified frequency and procedures for each separate 

operation. 

 

a. Define the anticipated time required to perform each of each test 

(work-hours), test apparatus, number of personnel identified by 

responsibility, and a testing validation procedure permitting the 

record operation capability requirements within the schedule. Provide 

a remarks column for the testing validation procedure referencing 

operating limits of time, pressure, temperature, volume, voltage, 

current, acceleration, velocity, alignment, calibration, adjustments, 

cleaning, or special system notes. Delineate procedures for 

preventive maintenance, inspection, adjustment, lubrication and 

cleaning necessary to minimize repairs. 
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b. Repair requirements must inform operators how to check out, 

troubleshoot, repair, and replace components of the system. Include 

electrical and mechanical schematics and diagrams and diagnostic 

techniques necessary to enable operation and troubleshooting of the 

system after acceptance. 

 

1.6.3 Repair 

 

Provide manufacturer's recommended procedures and instructions for 

correcting problems and making repairs for the installed model and 

features of each system. Include potential environmental and indoor air 

quality impacts of recommended maintenance procedures and materials. 

 

1.6.3.1 Troubleshooting Guides and Diagnostic Techniques 

 

Provide step-by-step procedures to promptly isolate the cause of typical 

malfunctions. Describe clearly why the checkout is performed and what 

conditions are to be sought. Identify tests or inspections and test 

equipment required to determine whether parts and equipment may be reused 

or require replacement. 

 

1.6.3.2 Wiring Diagrams and Control Diagrams 

 

Provide point-to-point drawings of wiring and control circuits including 

factory-field interfaces. Provide a complete and accurate depiction of 

the actual job specific wiring and control work. On diagrams, number 

electrical and electronic wiring and pneumatic control tubing and the 

terminals for each type, identically to actual installation configuration 

and numbering. 

 

1.6.3.3 Repair Procedures 

 

Provide instructions and a list of tools required to repair or restore the 

product or equipment to proper condition or operating standards. 

 

1.6.3.4 Removal and Replacement Instructions 

 

Provide step-by-step procedures and a list of required tools and supplies 

for removal, replacement, disassembly, and assembly of components, 

assemblies, subassemblies, accessories, and attachments. Provide 

tolerances, dimensions, settings and adjustments required. Use a 

combination of text and illustrations. 

 

1.6.3.5 Spare Parts and Supply Lists 

 

Provide lists of spare parts and supplies required for repair to ensure 

continued service or operation without unreasonable delays. Special 

consideration is required for facilities at remote locations. List spare 
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parts and supplies that have a long lead-time to obtain. 

 

1.6.3.6 Repair Work-Hours 

 

Provide manufacturer's projection of repair work-hours including 

requirements by type of craft. Identify, and tabulate separately, repair 

that requires the equipment manufacturer to complete or to participate. 

 

1.6.4 Real Property Equipment 

 

Provide a list of installed equipment furnished under this contract. 

Include all information usually listed on manufacturer's name plate. In 

the "EQUIPMENT-IN-PLACE LIST" include, as applicable, the following for 

each piece of equipment installed: description of item, location (by room 

number), model number, serial number, capacity, name and address of 

manufacturer, name and address of equipment supplier, condition, spare 

parts list, manufacturer's catalog, and warranty. Submit the final list 

30 days after transfer of the completed facility. 

 

Key the designations to the related area depicted on the contract 

drawings. List the following data: 

 

RECORD OF DESIGNATED EQUIPMENT AND MATERIALS DATA 

Description Specification 

Section 

Manufacturer 

and Catalog, 

Model, and 

Serial Number 

Composition and 

Size 

Where Used 

     

 

1.6.5 Appendices 

 

Provide information required below and information not specified in the 

preceding paragraphs but pertinent to the maintenance or operation of the 

product or equipment. Include the following: 

 

1.6.5.1 Product Submittal Data 

 

Provide a copy of SD-03 Product Data submittals documented with the 

required approval. 

 

1.6.5.2 Manufacturer's Instructions 

 

Provide a copy of SD-08 Manufacturer's Instructions submittals documented 

with the required approval. 

 

1.6.5.3 O&M Submittal Data 

 

Provide a copy of SD-10 Operation and Maintenance Data submittals 

documented with the required approval. 

 

1.6.5.4 Parts Identification 

 

Provide identification and coverage for the parts of each component, 

assembly, subassembly, and accessory of the end items subject to 

replacement. Include special hardware requirements, such as requirement 

to use high-strength bolts and nuts. Identify parts by make, model, 
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serial number, and source of supply to allow reordering without further 

identification. Provide clear and legible illustrations, drawings, and 

exploded views to enable easy identification of the items. When 

illustrations omit the part numbers and description, both the 

illustrations and separate listing must show the index, reference, or key 

number that will cross-reference the illustrated part to the listed part. 

Group the parts shown in the listings by components, assemblies, and 

subassemblies in accordance with the manufacturer's standard practice. 

Parts data may cover more than one model or series of equipment, 

components, assemblies, subassemblies, attachments, or accessories, such 

as typically shown in a master parts catalog. 

 

1.6.5.5 Warranty Information 

 

List and explain the various warranties and clearly identify the servicing 

and technical precautions prescribed by the manufacturers or contract 

documents in order to keep warranties in force. Include warranty 

information for primary components of the system.  Provide copies of 

warranties required by Section 01 78 00 CLOSEOUT SUBMITTALS. 

 

1.6.5.6 Extended Warranty Information 

 

List all warranties for products, equipment, components, and 

sub-components whose duration exceeds one year. For each warranty listed, 

indicate the applicable specification section, duration, start date, end 

date, and the point of contact for warranty fulfillment. Also, list or 

reference the specific operation and maintenance procedures that must be 

performed to keep the warranty valid. Provide copies of warranties 

required by Section 01 78 00 CLOSEOUT SUBMITTALS. 

 

1.6.5.7 Personnel Training Requirements 

 

Provide information available from the manufacturers that is needed for 

use in training designated personnel to properly operate and maintain the 

equipment and systems. 

 

1.6.5.8 Testing Equipment and Special Tool Information 

 

Include information on test equipment required to perform specified tests 

and on special tools needed for the operation, maintenance, and repair of 

components. Provide final set points. 

 

1.6.5.9 Testing and Performance Data 

 

Include completed prefunctional checklists, functional performance test 

forms, and monitoring reports. Include recommended schedule for retesting 

and blank test forms. Provide final set points. 

 

1.6.5.10 Field Test Reports 

 

Provide a copy of Field Test Reports (SD-06) submittals documented with 

the required approval. 

 

1.6.5.11 Contractor Information 

 

Provide a list that includes the name, address, and telephone number of 

the General Contractor and each Subcontractor who installed the product or 

equipment, or system. For each item, also provide the name address and 

telephone number of the manufacturer's representative and service 

organization that can provide replacements most convenient to the project 
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site. Provide the name, address, and telephone number of the product, 

equipment, and system manufacturers. 

 

1.7 SCHEDULE OF OPERATION AND MAINTENANCE DATA PACKAGES 

 
Provide the O&M data packages specified in individual technical sections. 

The information required in each type of data package follows: 

 

1.7.1 Data Package 1 

 

a. Safety precautions and hazards 

 

b. Cleaning recommendations 

 

c. Maintenance and repair procedures 

 

d. Warranty information 

 

e. Extended warranty information 

 

f. Contractor information 

 

g. Spare parts and supply list 

 

1.7.2 Data Package 2 

 

a. Safety precautions and hazards 

 

b. Normal operations 

 

c. Environmental conditions 

 

d. Lubrication data 

 

e. Preventive maintenance plan, schedule, and procedures 

 

f. Cleaning recommendations 

 

g. Maintenance and repair procedures 

 

h. Removal and replacement instructions 

 

i. Spare parts and supply list 

 

j. Parts identification 

 

k. Warranty information 

 

l. Extended warranty information 

 

m. Contractor information 

 

1.7.3 Data Package 3 

 

a. Safety precautions and hazards 
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b. Operator prestart 

 

c. Startup, shutdown, and post-shutdown procedures 

 

d. Normal operations 

 

e. Emergency operations 

 

f. Environmental conditions 

 

g. Operating log 

 

h. Lubrication data 

 

i. Preventive maintenance plan, schedule, and procedures 

 

j. Cleaning recommendations 

 

k. Troubleshooting guides and diagnostic techniques 

 

l. Wiring diagrams and control diagrams 

 

m. Maintenance and repair procedures 

 

n. Removal and replacement instructions 

 

o. Spare parts and supply list 

 

p. Product submittal data 

 

q. O&M submittal data 

 

r. Parts identification 

 

s. Warranty information 

 

t. Extended warranty information 

 

u. Testing equipment and special tool information 

 

v. Testing and performance data 

 

w. Contractor information 

 

x. Field test reports 

 

1.7.4 Data Package 4 

 

a. Safety precautions and hazards 

 

b. Operator prestart 

 

c. Startup, shutdown, and post-shutdown procedures 

 

d. Normal operations 

 

e. Emergency operations 
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f. Operator service requirements 

 

g. Environmental conditions 

 

h. Operating log 

 

i. Lubrication data 

 

j. Preventive maintenance plan, schedule, and procedures 

 

k. Cleaning recommendations 

 

l. Troubleshooting guides and diagnostic techniques 

 

m. Wiring diagrams and control diagrams 

 

n. Repair procedures 

 

o. Removal and replacement instructions 

 

p. Spare parts and supply list 

 

q. Repair work-hours 

 

r. Product submittal data 

 

s. O&M submittal data 

 

t. Parts identification 

 

u. Warranty information 

 

v. Extended warranty information 

 

w. Personnel training requirements 

 

x. Testing equipment and special tool information 

 

y. Testing and performance data 

 

z. Contractor information 

aa. Field test reports 

1.7.5 Data Package 5 

 

a. Safety precautions and hazards 

 

b. Operator prestart 

 

c. Start-up, shutdown, and post-shutdown procedures 

 

d. Normal operations 

 

e. Environmental conditions 

 

f. Preventive maintenance plan, schedule, and procedures 

 

g. Troubleshooting guides and diagnostic techniques 
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h. Wiring and control diagrams 

 

i. Maintenance and repair procedures 

 

j. Removal and replacement instructions 

 

k. Spare parts and supply list 

 

l. Product submittal data 

 

m. Manufacturer's instructions 

 

n. O&M submittal data 

 

o. Parts identification 

 

p. Testing equipment and special tool information 

 

q. Warranty information 

 

r. Extended warranty information 

 

s. Testing and performance data 

 

t. Contractor information 

 

u. Field test reports 

 

  v. Additional requirements for HVAC control systems 

 

PART 2 PRODUCTS 

 

Not Used 

 

PART 3 EXECUTION 

 

3.1 TRAINING 

 

Prior to acceptance of the facility by the Contracting Officer for 

Beneficial Occupancy, provide comprehensive training for the systems and 

equipment specified in the technical specifications. The training must be 

targeted for the Facilities Management Specialist, building maintenance 

personnel, and applicable building occupants. Instructors must be 

well-versed in the particular systems that they are presenting. Address 

aspects of the Operation and Maintenance Manual submitted in accordance 

with Section 01 78 00 CLOSEOUT SUBMITTALS. Training must include 

classroom or field lectures based on the system operating requirements. 

The location of classroom training requires approval by the Contracting 

Officer. 

 

3.1.1 Training Plan 

 

Submit a written training plan to the Contracting Officer for approval at 

least 60 calendar days prior to the scheduled training. Training plan 

must be approved by the Authority (CxA)prior to forwarding to the 

Contracting Officer. Also, coordinate the training schedule with the 

Contracting Officer and CxA. Include within the plan the following 

elements: 
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a. Equipment included in training 

 

b. Intended audience 

 

c. Location of training 

 

d. Dates of training 

 

e. Objectives 

 

f. Outline of the information to be presented and subjects covered 

including description 

 

g. Start and finish times and duration of training on each subject 

 

h. Methods (e.g. classroom lecture, video, site walk-through, actual 

operational demonstrations, written handouts) 

 

i. Instructor names and instructor qualifications for each subject 

 

j. List of texts and other materials to be furnished by the Contractor 

that are required to support training 

 

k. Description of proposed software to be used for video recording of 

training sessions. 

 

3.1.2 Training Content 

 
The core of this training must be based on manufacturer's recommendations 

and the operation and maintenance information. The CxA is responsible 

for overseeing and approving the content and adequacy of the training. 

Spend 95 percent of the instruction time during the presentation on the 

OPERATION AND MAINTENANCE DATA. Include the following for each system 

training presentation: 

 

a. Start-up, normal operation, shutdown, unoccupied operation, seasonal 

changeover, manual operation, controls set-up and programming, 

troubleshooting, and alarms. 

 

b. Relevant health and safety issues. 

 

c. Discussion of how the feature or system is environmentally 

responsive. Advise adjustments and optimizing methods for energy 

conservation. 

 

d. Design intent. 

 

e. Use of O&M Manual Files. 

 

f. Review of control drawings and schematics. 

 

g. Interactions with other systems. 

 

h. Special maintenance and replacement sources. 

 

i. Tenant interaction issues. 

 

3.1.3 Training Outline 

 

Provide the Operation and Maintenance Manual Files (Bookmarked PDF)and a 



SECTION 01 78 23 Page 16 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

written course outline listing the major and minor topics to be 

discussed by the instructor on each day of the course to each trainee in 

the course. Provide the course outline 14 calendar days prior to the 

training. 

 

3.1.4 Training Video Recording 

 

Record classroom training session(s) on video. Provide to the Contracting 

Officer two copies of the training session(s) in DVD video recording 

format. Capture within the recording, in video and audio, the 

instructors' training presentations including question and answer periods 

with the attendees. The recording camera(s) must be attended by a person 

during the recording sessions to assure proper size of exhibits and 

projections during the recording are visible and readable when viewed as 

training. 

 

3.1.5 Unresolved Questions from Attendees 

 

If, at the end of the training course, there are questions from attendees 

that remain unresolved, the instructor must send the answers, in writing, 

to the Contracting Officer for transmittal to the attendees, and the 

training video must be modified to include the appropriate clarifications. 

 

3.1.6 Validation of Training Completion 

 

Ensure that each attendee at each training session signs a class roster 

daily to confirm Government participation in the training. At the 

completion of training, submit a signed validation letter that includes a 

sample record of training for reporting what systems were included in the 

training, who provided the training, when and where the training was 

performed, and copies of the signed class rosters. Provide two copies of 

the validation to the Contracting Officer, and one copy to the Operation 

and Maintenance Manual Preparer for inclusion into the Manual's 

documentation. 

 

3.1.7 Quality Control Coordination 

Coordinate this training with the CxA in accordance with Section 01 45 

00.00 10 QUALITY CONTROL. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 SUMMARY 

 

Commission the building systems listed herein. Employ the services of an 

independent Commissioning Firm. The Commissioning Firm must be a 1st tier 

subcontractor of the General or Prime Contractor and must be financially 

and corporately independent of all other subcontractors. The 

Commissioning Firm must employ a Lead Commissioning Specialist that 

coordinates all aspects of the commissioning process. Conform to the 

commissioning procedures outlined in this specification. 

 

1.2 UNIFIED FACILTIES GUIDE SPECIFICATION REFERENCES 

 

This specification section is intended to work in conjunction with the 

requirements included in the Unified Facilities Guide Specifications 

(UFGS) referenced within this specification section. Comply with the 

requirements of the referenced UFGS to the extent specified herein. UFGS 

can be found at on the Whole Building Design Guide website at: 

http://www.wbdg.org/ 

 

1.3 SYSTEMS TO BE COMMISSIONED 

 

Commission the following systems: 

 

 Heating, Ventilating, Air Conditioning, and Refrigeration Systems 

(HVAC) 

 

 Plumbing Systems 

 

 Building Envelope: include moisture, thermal integrity, and air     

tightness for the entire building envelope including systems such as 

walls, fenestration, roofing, roof openings, floors, below grade 

perimeter walls, slabs-on-grade. 

 

1.4 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 

ENGINEERS (ASHRAE) 

 

ASHRAE 180 (2012) Standard Practice for Inspection 

and Maintenance of Commercial Building 

HVAC Systems 

 

ASHRAE 202 (2013; Addenda B 2018) Commissioning 

Process for Buildings and Systems 

 

ASSOCIATED AIR BALANCE COUNCIL (AABC) 

 

ACG Commissioning Guideline (2005) Commissioning Guideline 
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NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB) 

NEBB Commissioning Standard (2009) Procedural Standards for Whole 
Building Systems Commissioning of New 

Construction; 3rd Edition 

 

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 

(SMACNA) 

 

SMACNA 1429 (1994) HVAC Systems Commissioning Manual, 

1st Edition 

 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

 

ER 25-345-1 (2019) Systems Manual 

 

1.5 COMMUNICATION WITH THE GOVERNMENT 

 

The Lead Commissioning Specialist (CxC) must submit all plans, schedules, 

reports, and documentation directly to the Contracting Officer 

Representative Contracting Officer's Technical Representative concurrent 

with submission to the CQC System ManagerQC Manager. The Lead 

Commissioning Specialist must have direct communication with the 

Contracting Officer's Representative Contracting Officer's Technical 

Representative regarding all elements of the commissioning process; 

however, the Government has no direct contract authority with the Lead 

Commissioning Specialist. 

 

1.6 SEQUENCING AND SCHEDULING 

 

1.6.1 Sequencing 

 

Complete Functional Performance Tests of HVAC systems prior to Performance 

Verification Tests required by UFGS Section 23 09 00Specification Section 

23 09 00 INSTRUMENTATION AND CONTROL FOR HVAC. Complete the following 

prior to starting Functional Performance Tests of mechanical systems: 

 

a. All equipment and systems have been completed, cleaned, flushed, 

disinfected, calibrated, tested, and operate in accordance with 

contract documents and construction plans and specifications. 

 

b. Performance Verification Tests of the controls systems have been 

completed and the Performance Verification Test Report has been 

submitted and approved in accordance with UFGS Section 23 09 00 

Specification Section 23 09 00 INSTRUMENTATION AND CONTROL FOR HVAC. 

 

c.  Testing, Adjusting, and Balancing has been completed and the Testing, 

Adjusting, and Balancing Report, and all TAB and DALT related 

submittals prerequisite to the TAB Report, have has been submitted and 

approved in accordance with UFGS Section 23 05 93Specification Section 

23 05 93 TESTING, ADJUSTING, AND BALANCING FOR HVAC. 
 

d.  The building envelope is enclosed according to contract documents 

with final construction completed, the Air Barrier Pressure Tests have 

been completed and the Air Leakage Test Reports and Diagnostic Test 

Reports have been submitted and approved in accordance with UFGS 

Section 07 05 23Specification Section 07 05 23 PRESSURE TESTING AN AIR 

BARRIER SYSTEM FOR AIR TIGHTNESS. 

e. The Pre-Functional Checklists have been submitted and approved. 
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f. The Certificate of Readiness for mechanical systems has been 

submitted and approved. 
 

Complete the following prior to starting Functional Performance Tests of 

the electrical systems: 

 

a. All electrical, power generation, and lighting equipment and systems 

have been completed, calibrated, tested, and operate in accordance 

with contract documents and construction plans and specifications. 

 

b. The building envelope is enclosed according to contract documents with 

final construction completed. 

 

c. Ceiling tiles, floor coverings, and window coverings are in place. 

 

d. The Certificate of Readiness for electrical systems has been submitted 

and approved. 

 

1.7 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

Commissioning Firm; G, DO 

Lead Commissioning Specialist; G, DO 

Technical Commissioning Specialists; G, DO 

Commissioning Firm's Contract; G, DO 

SD-05 Design Data 

 

Design Phase Commissioning Plan; G, DO 

SD-06 Test Reports 

Design Review Report; G, DO 
 

Interim Construction Phase Commissioning Plan; G, DO 

Final Construction Phase Commissioning Plan; G, DO S 

Template Building Envelope Inspection Checklists; G, DO 

Building Envelope Inspection Checklists; G, DO 

Pre-Functional Checklists; G, DO 

Issues Log 

Commissioning Report; G, DO 
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Post-Construction Trend Log Report; G, DO 

SD-07 Certificates 

Certificate of Readiness; G, DO 

SD-10 Operation and Maintenance Data 

Training Plan; G, RO 

Training Attendance Rosters; G, RO 
 

 Computerized Maintenance Management System Manual; G, DO 

 

Systems Manual G, DO 

 

Maintenance and Service Life Plans; G, DO 

SD-11 Closeout Submittals 

Final Commissioning Report; S, DO 

 

1.8 COMMISSIONING FIRM 

 

Provide a Commissioning Firm that is certified in commissioning by one of 

the following: the AABC Commissioning Group (ACG); the National 

Environmental Balancing Bureau (NEBB); the International Certification 

Board/Testing, Adjusting, and Balancing Bureau (ICB/TABB), the Building 

Commissioning Association (BCA); the Association of Energy Engineers 

(AEE). The Commissioning Firm may employ a commissioning professional 

certified by the University of Wisconsin-Madison or the American Society 

of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE) as 

required in paragraph LEAD COMMISSIONING SPECIALIST as an alternative to 

certification of the Commissioning Firm. The Commissioning Firm must be 

certified in all systems to be commissioned to the extent such 

certifications are available from the certifying body. Describe any 

lapses in certification or disciplinary action taken by the certifying 

body against the proposed Commissioning Firm or Lead Commissioning 

Specialist in detail. Any firm or commissioning professional that has 

been the subject of disciplinary action by the certifying body within the 

five years preceding contract award is not eligible to perform any duties 

related to commissioning. 

 

a. Submit the Commissioning Firm's certification of qualifications 

including the name of the firm and certifications no later than 30 

calendar days after Notice to Proceed. Submit one hard copy and an 

electronic copy. 

 

b. The Commissioning Firm's and Commissioning Specialists' certifications 

must be maintained for the entire duration of the duties specified 

herein. If, for any reason, the firm or a specialist loses a 

certification during this period, immediately notify the Contracting 

Officer's RepresentativeContracting Officer's Technical Representative 

and submit another Commissioning Firm or Commissioning Specialist for 

approval. All work specified in this specification section performed 

by the Commissioning Firm or associated Commissioning Specialists is 

invalid if the Commissioning Firm or Commissioning Specialist loses 

its certification prior to contract completion and must be performed 

by an approved successor. 

 

c. The Commissioning Firm must oversee and assist the General or Prime 



SECTION 01 91 00.15 Page 7 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

Contractor with the work specified herein. Submit the Commissioning 

Firm's Contract including the Scope of Work associated with the 

paragraph POST-CONSTRUCTION SUPPORT no later than 30 calendar days 

after approval of the Commissioning Firm. Submit one hard copy and an 

electronic copy. 

 

  d. The Commissioning Firm may act as the Pressure Test Agency required by 

UFGS Section 07 05 23Specification Section 07 05 23 PRESSURE TESTING 

AN AIR BARRIER SYSTEM FOR AIR TIGHTNESS provided that all 

qualification requirements of that specification section are met. 

 

1.8.1 Lead Commissioning Specialist 

 

The Commissioning Firm must provide a Lead Commissioning Specialist (CxC) 

that has a minimum of five years of commissioning experience, including 

two projects of similar size and complexity, and that is one of the 

following: a NEBB qualified Systems Commissioning Administrator (SCA); 

ACG Certified Commissioning Authority (CxA); ICB/TABB Certified 

Commissioning Supervisor; BCA Certified Commissioning Professional (CCP); 

AEE Certified Building Commissioning Professional (CBCP); University of 

Wisconsin-Madison Qualified Commissioning Process Provider (QCxP); ASHRAE 

Building Commissioning Professional (BCxP). 

 

a. Submit the Lead Commissioning Specialist's certification of 

qualifications including the name of the specialist and firm; 

certifications; years of experience; and a listing of representative 

projects of similar size and complexity no later than 30 calendar 

days after Notice to Proceed. Submit one hard copy and an electronic 

copy. 

 

b. The Lead Commissioning Specialists certifications must be maintained 

for the entire duration of the duties specified herein. If, for any 

reason, the specialist loses a certification during this period, 

immediately notify the Contracting Officer's Representative 

Contracting Officer's Technical Representative and submit another Lead 

Commissioning Specialist for approval. All work specified in this 

specification section to be performed by the Lead Commissioning 

Specialist is invalid if the Lead Commissioning Specialist loses its 

certification prior to contract completion and must be performed by an 

approved successor. 

 

c. The Lead Commissioning Specialist must lead and oversee the 

commissioning work specified herein and be the primary point of 

contact for the Government regarding the commissioning work. One of 

the Technical Commissioning Specialists may be the Lead Commissioning 

Specialist provided that all of the qualification requirements are met. 
 

1.8.2 Technical Commissioning Specialists 

 

Technical Commissioning Specialists, employed by the Commissioning Firm 

and that have the following qualifications, must perform the technical 

work specified herein associated with each system to be commissioned: 

 

a. Mechanical Technical Commissioning Specialist: The technical work 

associated with mechanical systems including Heating, Ventilating, 

Air Conditioning, and Refrigeration Systems; Plumbing Systems must be 

performed by a Commissioning Specialist certified by NEBB, ACG, 

ICB/TABB, AEE, University of Wisconsin-Madison, ASHRAE, or BCA in the 

commissioning of HVAC systems with five years of experience in the 

commissioning of HVAC systems. 
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b. Building Envelope Technical Commissioning SpecialistThe technical work 

associated with the Building Envelope system must be performed by a 

registered architect with five years of building envelope design or 

construction experience or a professional with training and 

certification as an Air Barrier Installer from the Air Barrier 

Association of America (ABAA) or other 3rd party air barrier 

association. The Building Envelope Technical Commissioning Specialist 

must have experience coordinating and instructing personnel involved 

in installation, joining, and sealing of air barrier materials and 

components. The Commissioning Firm team member with the required 

experience related to the building envelope may act as the Air Barrier 

Inspector required by UFGS Section 07 27 10.00 10Specification Section 

07 27 10.00 10 BUILDING AIR BARRIER SYSTEM provided that all 

qualification requirements of that specification section are met. The 

Commissioning Firm team member with the required experience related to 

the building envelope may act as the thermographer required by UFGS 

Section 07 05 23Specification Section 07 05 23 PRESSURE TESTING AN AIR 

BARRIER SYSTEM FOR AIR TIGHTNESS provided that all of the 

qualification requirements of that specification section are met. 

 

c. Submit the Technical Commissioning Specialist's certification of 

qualifications including the name of the specialist and firm; 

certifications; years of experience; and a listing of representative 

projects of similar size and complexity no later than 30 calendar 

days after Notice to Proceed. Submit one hard copy and an electronic 

copy. 

 

1.8.3 Commissioning Standard 

 

Comply with the requirements of the commissioning standard under which the 

Commissioning Firm and Specialists qualifications are approved. When the 

firm and specialists are certified by BCA, AEE, ASHRAE, or the University 

of Wisconsin-Madison, comply with the requirements of one of the 

acceptable standards unless otherwise stated herein. The acceptable 

standards are ACG Commissioning Guideline, NEBB Commissioning Standard, 

SMACNA 1429, or ASHRAE 202. Comply with applicable NETA testing standards 

for electrical systems. 

 

a. Implement all recommendations and suggested practices contained in the 

Commissioning Standard and electrical test standards. 

 

b. Use the Commissioning Standard for all aspects of Commissioning, 

including calibration of instruments. 

 

c. Where the instrument manufacturer calibration recommendations are more 

stringent than those listed in the Commissioning Standard, adhere to 

the manufacturer calibration recommendations. 

 

d. All quality assurance provisions of the Commissioning Standard such as 

performance guarantees are part of this contract. 

 

e. The Commissioning Specialists must develop commissioning procedures 

for any systems or system components not covered in the Commissioning 

Standard. 

 

f. Use any new requirements, recommendations, and procedures published or 

adopted prior to contract solicitation by the body responsible for the 

Commissioning Standard. 
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1.9 ISSUES LOG 

 

The Lead Commissioning Specialist must develop and maintain an Issues Log 

for tracking and resolution of all deficiencies discovered through 

submittal reviews, inspection, and testing. Include the date of final 

resolution of issues as confirmed by the Commissioning Specialist. Submit 

the Issues Log to the Contracting Officer's Technical Representative on a 

monthly basis at a minimum, and provide an electronic copy to the 

Government Acceptance Engineer concurrently.  At any point during 

construction, any commissioning team member finding deficiencies may 

communicate those deficiencies in writing to the Commissioning Specialist 

for inclusion into the Issues Log. 

 

Track construction deficiencies identified in the Issues Log using QCS as 

specified in Specification Section 01 45 00.15 10 RESIDENT MANAGEMENT 

SYSTEM CONTRACTOR MODE(RMS CM).Track construction deficiencies identified 

in the Issues Log in accordance with the Quality Control Plan required by 

Specification Section 01 45 00.00 20 QUALITY CONTROL. 

 

1.10 CERTIFICATE OF READINESS 

 

Prior to scheduling Functional Performance Tests for each system, issue a 

Certificate of Readiness for the system certifying that the system is 

ready for Functional Performance Testing. The Certificate of Readiness 

must include, for each system to be commissioned, all equipment and system 

start-up reports; Performance Verification Test Reports; completed 

Building Envelope Inspection Checklists; completed Pre-Functional 

Checklists; Testing, Adjusting, and Balancing (TAB) Report; HVAC Controls 

Start-Up Reports; and the Air Leakage Test Reports and Diagnostic Test 

Reports to the extent applicable to the system. The Contractor; the Lead 

Commissioning Specialist; the Contractor's Quality Control Representative; 

the Mechanical, Electrical, Controls, and TAB subcontractor 

representatives must sign and date the Certificate of Readiness. Submit 

the Certificate of Readiness for each system no later than 14 calendar 

days prior to Functional Performance Tests of that system. Submit 

One hard copy and an electronic copy. Do not schedule Functional 

Performance Tests for a system until the Certificate of Readiness for that 

system receives approval by the Government. 

 

PART 2 PRODUCTS 

 

Not used 

 

PART 3 EXECUTION 

 

3.1 CONSTRUCTION PHASE 

 

3.1.1 Construction Commissioning Coordination Meeting 

 

The Lead Commissioning Specialist must lead a Construction Commissioning 

Coordination Meeting no later than 14 days after approval of the 

Commissioning Firm and Commissioning Specialists30 days following 

construction notice to proceed to discuss the commissioning process 

including contract requirements, lines of communication, roles and 

responsibilities, schedules, documentation requirements, inspection and 

test procedures, and logistics as specified in this specification 

section. The Contractor's Superintendent or Project Manager, the 

Contractor's Quality Control Representative, and the Government must 

attend this meeting. Invite the User and a Base Civil Engineer Office 

Representatives Public Works Division Representative, 

to attend this meeting. 
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3.2.3 Construction Phase Commissioning Plan 

 

3.2.3.1 Interim Construction Phase Commissioning Plan 

 

The Lead Commissioning Specialist (CxC) must prepare the Interim 

Construction Phase Commissioning Plan. Submit the Interim Construction 

Phase Commissioning Plan no later than 30 calendar days after the 

Construction Commissioning Coordination Meeting and no later than 14 days 

prior to the start of construction of the building envelope. Submit one 

hard copy and an electronic copy. 

 

Identify the commissioning and testing standards and outline the overall 

commissioning process, the commissioning schedule, the commissioning team 

members and responsibilities, lines of communication, documentation 

requirements for the construction phase of the project, and Template 

Building Envelope Inspection Checklists in the Interim Construction Phase 

Commissioning Plan. 

 

3.2.3.1.1 Checklists 

 

Download example Building Envelope Inspection Checklists, Pre-Functional 

Checklists, Integrated Systems Test Checklists, and Functional Performance 

Test Checklists for specification section 01 91 00.15 TOTAL BUILDING 

COMMISSIONING at the following location: 

http://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/forms-graphic 

The checklists submitted in the Interim and Final Construction Phase 

Commissioning Plans must contain the same level of detail shown in the 

examples. The submitted checklists are not required to match the format 

of the examples. 

 

3.2.3.1.2 Contents 

 

In addition to the requirements listed above, include the information 

provided for the Design Phase Commissioning Plan, updated, and including 

the following:In addition, include the following in the Interim 

Construction Phase Commissioning Plan: 

 

a. Listing of all equipment to be commissioned 

 

b. Contact information for the Government Acceptance Engineer, the 

Contracting Officer's Technical Representative, and the Commissioning 

Team listed in paragraph Commissioning Team. 

 

c. Basis of Design 

 

d. Templates for site observation reports and the issues log.a. Plan 

purpose 

 

b. Commissioning scope 

 

c. Systems to be commissioned 

 

d. Examples and description of development of pre-functional, integrated 

systems test, and functional performance test checklists 

 

e. Building information 

 

f. Contact information for the Commissioning Specialists, the Government 

Acceptance Engineer, the Contracting Officer's Technical 
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Representative, and the Commissioning Team listed in paragraph 

Commissioning Team 

 

g. Roles and responsibilities 

 

h. Management plan 

 

i. Owner's Project Requirements Document 

 

j. Basis of Design 

 

k. Description of design reviews by the Commissioning Specialists 

 

l. Description of design review by Acceptance Engineer 

 

m. Description and templates for site observation reports and the issues 

log 

 

n. Listing and description of required meetings 

 

o. Identification and sequence of commissioning and acceptance tasks for 

incorporation into the Project Schedule 

 

p. Listing of required submittals to Government, Government Acceptance 

Engineer, and Commissioning Specialists 

 

q. Description of execution of building envelope inspection, 
pre-functional checks, integrated systems tests, and functional 

performance tests 

 

r. Description of Endurance Tests 

 

s. Acceptance testing of critical systems in accordance with contract 

specifications 

 

t. Operation and maintenance manual requirements 

 

u. Description of training requirements 

 

v. Description of required Computerized Maintenance Management 

System Manual 

 

w. Description of the Commissioning Report 
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3.2.3.1.3 Template Building Envelope Inspection Checklists 

 

The Building Envelope Technical Commissioning Specialist must develop the 

Template Building Envelope Inspection Checklists. Include all items that 

verify the building materials and construction maintain the required 

thermal and moisture integrity and air tightness of the building envelope 

system in the Building Envelope Inspection Checklists. 

 

3.2.3.2 Final Construction Phase Commissioning Plan 

 

The Lead Commissioning Specialist (CxC) must prepare the Final 

Construction Phase Commissioning Plan. Submit the Final Construction 

Phase Commissioning Plan no later than 30 calendar days prior to the start 

of Pre-Functional Checks. Submit one hard copy and an electronic copy. 

Once approved, file the approved plan in the Sustainability eNotebook. 

 

Include the information provided in the Interim Construction Phase 

Commissioning Plan. In addition, the Technical Commissioning Specialist 

must develop the Pre-Functional Checklists, Integrated Systems Test 

Checklists, and Functional Performance Test Checklists for each building, 

for each system required to be commissioned, and for each component for 

inclusion in the Final Construction Phase Commissioning Plan. 

 

3.2.3.2.1 Pre-Functional Checklists 

 

The Pre-Functional Checklists must include items for physical inspection 

or testing that demonstrate that installation and start-up of equipment 

and systems is complete. Refer to paragraph Pre-Functional Checks for 

more information. 

 

3.2.3.2.2 Functional Performance Test Checklists 

 

Functional Performance Test Checklists must include procedures that 

explain, step-by-step, the actions and expected results that will 

demonstrate that the system performs in accordance with the contract. 

Refer to paragraph Functional Performance and Integrated Systems Tests for 

more information. Include the following sections and details appropriate 

to the systems being tested in the Functional Performance Test Checklists: 

 

a. Notable system features including information about such attributes as 

system sizing and controls to facilitate understanding of system 

operation 

 

b. Conclusions and recommendations based on control system feature, 

point-to-point, actuator, and system operation observations. 

Conclusions must clearly indicate if system does or does not perform 

in accordance with contract requirements. Recommendation must clearly 

indicate that the system should or should not be accepted by the 

Government. 

 

c. Test conditions including date, beginning and ending time, and 

beginning and ending outdoor air conditions 

 

d. Attendees present throughout the entire system test 

 

e. Identification of the equipment involved in the test 
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f. Control system feature identification including control point 

description, embedded/visible type, adjustable/monitoring type, actual 

value, and setpoint value/alarm range 

 

g. Point-to-point observations including demonstrating system flow meters 

and sensors have been calibrated and are correctly displayed on the 

Operator work station 

 

h. Actuator operation observations demonstrating actuator responses to 

commands from the control system 

 

i. As-found condition of the system operation 

 

j. List of test items with step numbers along with the corresponding 

feature or control operation, intended test procedure, expected system 

response, and pass/fail indication. 

 

k. Space for comments for each test item. 

 

i. System operation observations for system-based tests demonstrating 

each control algorithm, operation mode, and alarm condition resulting 

from control point(s) manipulation. System operation observations 

must contain the following: 

 

(1) introduction identifying testing methodology 

 

(2) as-found conditions prior to control point(s) manipulation 

 

(3) clear list of test items (step numbers) 

 

(4) control algorithm (design control sequence) segmented by unique 

functions 

 

(5) intended test procedures following each segmented control 

algorithm identifying control point(s) required to be manipulated 

to initiate system response 

 

(6) expected system response 

 

(7) space for comments for each test item complete including resulting 

control signal such as 0-volts, 10-volts, active, or inactive 

 

(8) pass or fail indication for each test item 

 

3.2.3.2.3 Integrated Systems Test Checklists 

 

Integrated Systems Test Checklists must include test procedures that 

explain, step-by-step, the actions and expected results that will 

demonstrate that the interactive operations between systems performs in 

accordance with the contract. Refer to paragraph Functional Performance 

and Integrated Systems Tests for more information. Include the following 

sections in the Integrated Systems Test Checklists: 

 

a. Notable features of the interconnected systems organized by discipline 

including information to facilitate understanding of system operation 

 

b. Conclusions and recommendations based on observations of 

interconnected system operation. Conclusions must clearly indicate if 

the systems do or do not perform in accordance with contract 
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requirements. Recommendation must clearly indicate that the systems 

should or should not be accepted by the Government 

 

c. Test conditions including date and beginning and ending time 

 

d. Attendees present throughout the entire system test 

 

e. Identification of the equipment and systems involved in the test 

 

f. List of test items with step numbers along with the corresponding 

feature or control operation, intended test procedure, expected system 

response, and pass/fail indication. 

 

g. Space for comments for each test item. 

 

f. Identification of dates for the completion and approval of relevant 

functional performance test checklists, and identify the Contractor's 

Quality Control Personnel that accepted and signed the related 

functional performance test checklists. 

 

g. Interconnected system operation observations for tests demonstrating 

each operation resulting from system manipulation. System operation 

observations must contain the following: 

 

(1) introduction identifying testing methodology 

 

(2) as-found conditions prior to system manipulation 

 

(3) clear list of test items (step numbers) 

 

(4) design control sequences or interlocks segmented by unique 

functions 

 

(5) intended test procedures following each segmented sequence or 

interlock identifying the system manipulation required to initiate 

system response 

 

(6) expected system responses 

 

(7) space for comments for each test item 

 

(8) pass or fail indication for each test  

3.2.4 Construction Submittals 

 

Provide all submittals associated with the systems to be commissioned, 

including shop drawings; equipment submittals; test plans, procedures, and 

reports; and resubmittal's to the Commissioning Specialists. The 

Technical Commissioning Specialist must review the submittals to the 

extent necessary verify that the equipment and system installation will 

comply with the contract requirements, the Unified Facilities Criteria 

(UFC) referenced by the design-build contract, and the requirements of the 

Basis of Design and the Owner's Project Requirements Document. 

 

3.2.5 Inspection and Testing 

 

Demonstrate that all system components have been installed, that each 

control device and item of equipment operates, and that the systems 

operate and perform, including interactive operation between systems, in 

accordance with contract documents and the Owner's Project Requirements. 
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Requirements in related specification sections are independent from the 

requirements of this section and do not satisfy any of the requirements 

specified in this specification section. Provide all materials, services, 

and labor required to perform the Pre-Functional Checks, Building Envelope 

Inspection, Integrated Systems Tests, and Functional Performance Tests. 

 

3.2.5.1 Commissioning Team 

 

Provide a commissioning representative for each sub-contractor associated 

with the systems to be commissioned. Each commissioning representative is 

responsible for coordination of their respective sub-contractor's 

execution of the commissioning activities and participation in the 

inspection and testing required by this specification section. The 

designers listed below are the designers of record for their respective 

systems. Substitutes must be approved by the Contracting Officer's 

Representative Contracting Officer's Technical Representative. 

 

3.2.5.1.1 Building Envelope Inspections Team 

 

The following team members must participate in building envelope 

inspections: 
 

Designation Function 

CxB Building Envelope Technical Commissioning Specialist 

 

Designation Function 

QAR Contracting Officer's Quality Assurance Representative 

CQC Contractor's Quality Control Personnel 

BEC Contractor's Building Envelope Commissioning Representative 

AD Architectural Designer 

 

3.2.5.1.2 Mechanical System Pre-Functional Checks Team 

 

The following team members must participate in Pre-Functional checks of 

mechanical systems: 

 

Designation Function 

CxM Mechanical System Technical Commissioning Specialist 

QAR Contracting Officer's Quality Assurance Representative 

CQC Contractor's Quality Control Personnel 

MC Contractor's Mechanical Commissioning Representative 

EC Contractor's Electrical Commissioning Representative 

CC Contractor's Controls Commissioning Representative 
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TABC Contractor's TAB Commissioning Representative 

PC Contractor's Plumbing Commissioning Representative 

IC Contractor's Irrigation Commissioning Representative 

 
 

 

3.2.5.2 Building Envelope Inspection 

 

Document building envelope inspection by the commissioning team using the 

approved Template Building Envelope Inspection Checklists. Indicate 

commissioning team member inspection and acceptance of each Building 

Envelope Inspection Checklist item by initials at the time they are 

inspected and found to be in conformance with contract requirements. 

Inspect checklist items before they become hidden as construction 

progresses. 

 

a. Submit the completed and initialed Building Envelope Inspection 

Checklists no later than 7 calendar days after completion of 

inspection of all checklist items. Submit one hard copy and an 

electronic copy. 

 

b. The Building Envelope Technical Commissioning Specialist must make at 

least two site visits to the site to observe construction of the 

building envelope in-progress. On each visit, the Building Envelope 

Commissioning Specialist must review the Contractor's in-progress 

checklists to ensure that the commissioning team is inspecting the 

building envelope as required. 

 

c. The Building Envelope Technical Commissioning Specialist must witness 

the building envelope pressure tests and diagnostic tests specified in 

UFGS Section 07 05 23Specification Section 07 05 23 PRESSURE TESTING 

AN AIR BARRIER SYSTEM FOR AIR TIGHTNESS. The Building Envelope 

Technical Commissioning Specialist must review the resulting reports 

and provide recommendations for correction of any deficiencies 

or further testing. 
 

3.2.5.3 Pre-Functional Checks 

 

Pre-Functional Checklists from the approved Final Construction Phase 

Commissioning Plan must be completed by the commissioning team. Complete 

one Pre-Functional Checklist for each individual item of equipment or 

system for each system required to be commissioned including, but not 

limited to, ductwork, piping, equipment, fixtures (lighting and plumbing), 

and controls. Indicate commissioning team member inspection and 

acceptance of each Pre-Functional Checklist item by initials. Acceptance 

of each Pre-Functional Checklist item by each team member indicates that 

item conforms to the construction contract and accepted design 

requirements in their area of responsibility. Technical Commissioning 

Specialist acceptance of each Pre-Functional Checklist item indicates that 

each item has been installed correctly and in accordance with contract 

documents and the Owner's Project Requirements.   Submit the completed and 

initialed Pre-Functional Checklists no later than 7 calendar days after 

completion of inspection of all checklists items for each system. Submit 

one hard copy and an electronic copy. Include manufacturer start-up 

checklists associated with equipment with the submission of the Pre-

Functional Checklists. 
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3.2.5.4 Testing, Adjusting, and Balancing (TAB) Report and Field 

Acceptance Testing 

 

The Mechanical System Technical Commissioning Specialist must review the 

pre-final TAB Report required by UFGS Section 23 05 93Specification 

Section 23 05 93 TESTING, ADJUSTING, AND BALANCING FOR HVAC. Identify any 

deficiencies to the Contracting Officer's Representative Contracting 

Officer's Technical Representative and the Contractor's Quality Control 

Personnel. Resolve all deficiencies prior to TAB Field Acceptance 

Testing. 

 

The Mechanical System Technical Commissioning Specialist must witness the 

TAB Field Acceptance Testing specified by UFGS Section 23 05 93 

Specification Section 23 05 93 TESTING, ADJUSTING, AND BALANCING FOR 

HVAC. Include a certification by the Mechanical Technical Specialist that 

no outstanding deficiencies exist in the systems relative to Testing, 

Adjusting, and Balancing with the final TAB Report submittal. 

 

3.2.5.5 HVAC Controls Test Reports 

 

The Mechanical System Technical Commissioning Specialist must review the 

Start-Up Testing Report and the PVT Procedures and Reports required by 

UFGS Section 23 09 00Specification Section 23 09 00 INSTRUMENTATION AND 

CONTROL FOR HVAC. Include a certification by the Mechanical System 

Technical Commissioning Specialist that the submittals contain no 

deficiencies or that the submittals do not indicate any deficiencies in 

the HVAC systems or HVAC control systems with each of these submittals. 

 

3.2.5.6 Tests 

 

3.2.5.6.1 Functional Performance and Integrated Systems Tests 

 

Schedule Functional Performance Tests for each system only after the 

Certificate of Readiness has been approved by the Government for the 

system.  Correct all deficiencies identified through any prior review, 

inspection, or test activity before the start of Functional Performance 

Tests. Perform Integrated Systems Tests only after the Functional 

Performance Tests for each associated system are completed with all 

deficiencies resolved and after the related Functional Performance Test 

Checklists have been signed by each commissioning team member. 

 

a. Functional Performance Tests and Integrated Systems Tests must be 

performed with the Contracting Officer's Quality Assurance 

Representative present. 

 

b. Abort Functional Performance Tests or Integrated Systems Tests when 

any system deficiency prevents the successful completion of the test. 

 

c. Technical Commissioning Specialists must lead and document all 

Functional Performance Tests and Integrated Systems Tests for the 

systems to be commissioned with the Contractor and appropriate 

sub-contractors performing the Functional Performance Tests and 

Integrated Systems Tests. The representatives listed in the paragraph 

Commissioning Team must attend the tests. Abort Functional 

Performance Tests or Integrated Systems Tests when any required 

commissioning team member is not present for the test. 

 

3.2.6.6.1.1 Checklist 

 

Use the Functional Performance Test and Integrated Systems Test Checklists 

from the approved Final Construction Phase Commissioning Plan to guide the 
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Functional Performance Tests and Integrated Systems Tests. Functional 

Performance Tests must be performed for each item of equipment and each 

system required to be commissioned and verify all sensor calibrations, 

control responses, safeties, interlocks, operating modes, sequences of 

operation, capacities, lighting levels, and all other performance 

requirements comply with construction contract and accepted design 

requirements regardless of the specific items listed within the Functional 

Performance Test and Integrated Systems Test Checklists provided. Testing 

must progress from equipment or components to subsystems to systems to 

interlocks and connections between systems. Integrated Systems Tests must 

be performed for the interactive operation between systems such as HVAC 

systems, fire protection systems, back-up electrical supply, energy 

generation systems, and other systems, and verify correct interactive 

operation, acceptable speed of response, and other contract requirements 

for both normal and failure modes. Examples of Integrated Systems Tests 

include the correct operation of HVAC systems during emergency system 

activation, correct operation of uninterruptible power supplies or energy 

generators and connected systems, or lighting system operation during 

power outage or emergency system activation. The order of components and 

systems to be tested must be determined by the Technical Commissioning 

Specialists. 

 

3.2.6.6.1.2 Acceptance 

 

Indicate acceptance of each item of equipment and systems tested by 

signature of each commissioning team member for each Functional 

Performance Test or Integrated Systems Test Checklist. The Contractor's 

Quality Control Representative and the Technical Commissioning Specialists 

must indicate acceptance after the equipment and systems are free of 

deficiencies. 

 

3.2.6.6.2 HVAC Test Methods 

 

Perform Functional Performance Tests in accordance with the following: 

3.2.6.6.2.1 Prior to Testing 

Prior to testing operating modes, sequences of operation, interlocks, and 

safeties, complete control point-to-point observations, test sensor 

calibrations, and test actuator commands. Prior to system testing, 

complete control system feature, point-to-point, and actuator observations. 
 

3.2.6.6.2.2 Simulating Conditions 

 

Over-writing control input (actual) values through the controls system is 

not acceptable, unless approved by the Contracting Officer's Representative 

Contracting Officer's Technical Representative. Identify proposed 

exceptions in a protocol submitted to the Contracting Officer's 

Representative Contracting Officer's Technical Representative for 

approval. Before simulating conditions, overwriting values (if approved), 

or changing set-points, calibrate all sensors, transducers and devices. 

Below are several examples of exceptions that would be considered 

acceptable: 

 

a. When varying static pressures inside ductwork can not be simulated 

within the duct, and where a sensor signals the controls system to 

initiate sequences at various duct static pressures, it is acceptable 
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to simulate the various pressures with a Pneumatic Squeeze-Bulb Type 

Signaling Device with gauge temporarily attached to the sensing tube 

leading to the transmitter. It is not acceptable to reset the various 

set-points, nor to simulate an electric analog signal (unless approved 

as noted above). 

 

b. Dirty filter pressure drops can be simulated using sheets of cardboard 

at filter face. 

 

c. Freeze-stat safeties can be simulated by packing portion of sensor 

with ice. 

 

d. High outside air temperatures can be simulated with a hair blower. 

 

e. High entering cooling coil temperatures can be used to simulate 

entering cooling coil conditions. 

 

f. Do not use signal generators to simulate sensor signals unless 

approved by the Contracting Officer's Representative Contracting 

Officer's Technical Representative, as noted above, for special cases. 

 

g. Control set points can be altered. For example, to see the air 

conditioning compressor lockout work at an outside air temperature 

below 13 degrees C 55 degrees F, when the outside air temperature is 

above 13 degrees C 55 degrees F, temporarily change the lockout set 

point to be minus 18 degrees C 0 degrees F above the current outside 

air temperature. Caution: Set points are not to be raised or lowered 

to a point such that damage to the components, systems, or the 

building structure and/or contents will occur. 

 

h. Test duct mounted smoke detectors in accordance with the 

manufacturer's recommendations. Perform the tests with air system at 

minimum airflow condition in ductwork. 

 

i. Test current sensing relays used for fan and pump status signals to 

control system to indicate unit failure and run status by resetting 

the set point on the relay to simulate a lost belt or unit failure 

while the unit is running. Confirm that the failure alarm was 

generated and received at the control system. After the test is 

conducted, return the set point to its original set-point or a 

set-point as indicated by the Contracting Officer's 

Representative Contracting Officer's Technical 

Representative. 
 

3.2.6.6.2.3 Setup 

 

Perform each test under conditions that simulate actual conditions as 

close as is practically possible. Provide all necessary materials and 

system modifications to produce the necessary flows, pressures, 

temperatures, and other conditions necessary to execute the test according 

to the specified conditions. At completion of the test, return the 

affected building equipment and systems to their pre-test condition. 

 

3.2.6.6.3 Sample Strategy 

 

Perform Functional Performance Tests using the following sample strategy. 

Prepare and complete a Functional Performance Test Checklist for each item 

of equipment or system to be tested. For sample sizes less than 100 

percent for all similar equipment, the Government will select the specific 

equipment or system to be tested during testing. Equipment Identifiers 
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are as indicated on the design drawings: 
 

Equipment Identifier Sample Size (Percent) 

AHU [  ] 

VAV [  ] 

CUH [  ] 

CWP [  ] 

DWH [  ] 

Lighting Controls [  ] 

Renewable Energy Systems/Equipment [  ] 

 

Perform Integrated Systems Tests for all systems and equipment having 

interactive operation. 

 

Perform Functional Performance Tests and Integrated Systems Tests for all 

equipment and systems. Prepare and complete a Functional Performance Test 

Checklist for each item of equipment or system. Prepare and complete an 

Integrated Systems Test Checklist for each item of equipment or system. 

Test all HVAC central plant equipment and primary air handling units. 

Twenty percent sample testing is allowed for HVAC equipment with identical 

controllers typical of terminal control such as air terminal units and fan 

coil units. 

 

3.2.6.6.4 Endurance Test 

 

Following successful completion of Functional Performance Tests for HVAC 

systems and prior to the Performance Verification Test, perform an 

Endurance Test of the HVAC systems in accordance with the paragraph 

Endurance Test in UFGS Section 23 09 00Specification Section 23 09 00 

INSTRUMENTATION AND CONTROL FOR HVAC. Use the Temporary Trending Hardware, 

if necessary, in accordance with UFGS Section 23 09 00 Specification 

Section 23 09 00 INSTRUMENTATION AND CONTROL FOR HVAC. Perform the test 

with all equipment and systems in full automatic mode. Restart the test if 

the equipment and systems or setpoints are overridden to manual mode at 

any time during the test. Poll all points shown in the project schedules 

with an alarm condition at 5 minute intervals. Poll all points shown in 

the Point Schedule required for trending, overrides, or graphical displays 

at 15 minute intervals. Provide an Endurance Test Report with the 

Commissioning Report that includes a graphical representation of all 

trends with all trend data clearly identified. 

 

3.2.6.6.5 Seasonal Tests 

 

3.2.6.6.5.1 Initial Functional Performance Tests 

 

Perform Initial Functional Performance Tests as soon as all contract work 

is completed, regardless of the season. Develop and implement means of 

artificial loading to demonstrate, to a reasonable level of confidence, 

the ability of the HVAC systems to handle peak seasonal loads. 

 

3.2.6.6.5.2 Full-Load Conditions 
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In addition to the Initial Functional Performance Tests, perform 

Functional Performance Tests of HVAC systems under full-load conditions 

during peak heating and cooling seasons during outdoor air condition 

design extremes. Test cooling equipment and systems with the building 

fully occupied when performing the Functional Performance Tests during 

peak cooling season. Schedule Seasonal Functional Performance Tests in 

coordination with the Government. 

 

3.2.6.6.5.3 System Acceptance 

 

Systems may be partially accepted by the Government prior to seasonal 

testing if they comply with all construction contract and accepted design 

requirements that can be tested during initial Functional Performance 

Tests. All Functional Performance Test procedures must be completed prior 

to full systems acceptance. 

 

3.2.6.6.6 Aborted Tests and Re-Testing 

 

Abort Functional Performance Tests, Integrated Systems Tests, or Seasonal 

Tests if any deficiency prevents successful completion of the test or if 

any required commissioning team member is not present for the test. 

Reimburse the Government for all costs associated with effort lost due to 

re-testing due to test failures and aborted tests. These costs must 

include salary, travel costs, and per diem for Government commissioning 

team members. Re-test only after all deficiencies identified during the 

original tests have been corrected. 

 

3.2.6.6.6.1 100 Percent Sample 

 

Systems or equipment for which 100 percent sample size are tested fail if 

one or more of the test procedures results in discovery of a deficiency 

and the deficiency cannot be resolved within 5 minutes during the test. 

 

Re-test to the extent necessary to confirm that the deficiencies have been 

corrected without negatively impacting the performance of the rest of the 

system. 

 

3.2.6.6.6.2 Less than 100 Percent Sample 

 

For systems tests with a sample size less than 100 percent, if one or 

more of the test procedures for an item of equipment or a system results 

in discovery of a deficiency, regardless of whether the deficiency is 

corrected during the sample tests, the item of equipment or system fails 

the test. 

 

a. If the system failure rate is 5 percent or less, meaning that 5 

percent or less of the equipment or systems had at least one 

deficiency, re-test only on the items which experienced the initial 

failures. 

 

b. If the system failure rate is higher than 5 percent, meaning that more 

than 5 percent of equipment or systems tested had at least one 

deficiency, re-test the items which experienced the initial failures 

to the extent necessary to confirm that the deficiencies have been 

corrected . In addition, test another random sample of the same size 

as the initial sample for the first time. If the second random sample 

set has any failures, re-test those failed items and all remaining 

equipment and systems to complete 100 percent testing of that system 

type. 
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3.2.7 Training Plan 

The Technical Commissioning Specialists must develop training plans which 

identify Develop a training plan which identifies all training required by 

specification sections associated with commissioned systems. Include a 

matrix listing each training requirement, content of the training, the 

trainer name, trainer contact information, and schedule and location of 

training. Submit one hard copy and an electronic copy of the Training 

Plan to the Commissioning Specialists and the Government no later than 30 

calendar days prior to the associated training. 

 

Document training attendance using training attendance rosters and provide 

completed attendance rosters to the Commissioning Specialists and the 

Government no later than 7 calendar days following the completion of 

training for each system to be commissioned. Submit one hard copy and an 

electronic copy. 

 

3.2.8 Systems Manual 

 

The Technical Commissioning Specialists must prepare and submit a 

Computerized Maintenance Management System Manual including, for all 

commissioned systems, the Basis of Design, system single line diagrams, 

as-built sequences of operation and controls drawings, as-built control 

setpoints, recommended schedule for sensor and actuator calibration, 

recommended schedule of maintenance when not in the O&M manuals, 

recommended re-testing schedule with proposed testing forms, and full 

equipment warranty information. Update and resubmit the Systems 

Manual based on any corrective action taken during the warranty period. 

 

Prepare and submit a Systems Manual including a signed certification or 

letter from the Technical Commissioning Specalists and the Lead 

Commissioning Specialist stating that the Systems Manual is complete, 

clear, and accurate. The Systems Manual, for all commissioned systems, 

must conform to Appendix A SYSTEMS MANUAL ORGANIZATION AND CONTENT to 

ER 25-345-1, available at the USACE Publications website at the following 

location: 

https://www.publications.usace.army.mil/USACE-Publications/Engineer-Regulations/ 

Update and resubmit the Systems Manual based on any corrective action 

taken during the warranty period. 
 

Submit Computerized Maintenance Management System Manual no later than 30 

calendar days following completion of Functional Performance Tests and 

Integrated Systems Tests. Submit three hard copies and an electronic copy. 

 

3.3 COMMISSIONING REPORT 

 

Following the completion of Functional Performance Tests and Integrated 

Systems Tests, with the exception of Seasonal Tests, and following the 

Endurance Tests the Lead Commissioning Specialist must prepare a 

Commissioning Report. 

 

a. Include an executive summary describing the overall commissioning 

process, the results of the commissioning process, any outstanding 

deficiencies and recommended resolutions, and any seasonal testing 

that must be scheduled for a later date. Indicate, in the executive 

summary, whether the systems meet the requirements of the construction 

contract and accepted design and the Owner's Project Requirements. 

 

b. Detail any deficiencies discovered during the commissioning process 

and the corrective actions taken in the report. Include the completed 

Building Envelope Inspection Checklists, Pre-Functional Checklists, 



SECTION 01 91 00.15 Page 23 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

Functional Performance Test Checklists, Integrated Systems Test 

Checklists,the Endurance Test Report, the Commissioning Plans, the 

Issues Log, Performance Verification Test Reports, Training Attendance 

Rosters, the Design Review Report, the final TAB Report. 

 

c. Submit the Commissioning Report no later than 14 calendar days 

following commissioning team acceptance of all Functional Performance 

Tests and Integrated Systems Tests with the exception of Seasonal Tests 

and following completion of the Endurance Test. Submit 

three hard copies and an electronic copy. 

 

d. Following any Seasonal Tests or Post-Construction Activities, update 

the Final Commissioning Report to reflect any changes and resubmit. 

File the approved, updated, Final Commissioning Report in the 

Sustainability eNotebook. 

 

3.4 POST-CONSTRUCTION SUPPORT 

 

 3.4.1 Post-Construction Endurance Test 

 

Perform an Endurance Test in accordance with the paragraph Endurance Test 

in UFGS Section 23 09 00Specification Section 23 09 00 INSTRUMENTATION AND 

CONTROL FOR HVAC once during the peak heating season and once during the 

peak cooling season during outdoor air condition extremes with the 

exception that network bandwidth usage measurement and recording is not 

required. 

 

The Mechanical System Commissioning Specialists must review the trend logs 

from the Endurance Tests to ensure that the systems have stable operation 

and operate as required by the construction contract, the accepted design, 

and the Owner's Project Requirements Document. The Commissioning 

Specialists must provide a Post-Construction Trend Log Report that 

identifies any deficiencies noted in operation, recommendations for 

correction, and includes a graphical representation of the trends. 

Provide one Trend Log Report for the peak cooling season and one Trend Log 

Report for the peak heating season. Submit one hard copy and one 

electronic copy of the Post-Construction Trend Log Reports no later than 

14 calendar days following receipt of the trend log data by the 

Commissioning Specialist. 

 

3.4.2 Post-Construction Site Visit 

 

The Commissioning Specialists must visit the building site concurrent with 

the 9 month warranty inspection to inspect building system equipment and 

review building operation with the building operating/maintenance staff. 

The Commissioning Specialists must identify any deficiency of the building 

systems to operate in accordance with the contract and 

accepted design requirements and the Owner's Project Requirements. The 

Commissioning Specialists must advise the Contracting Officer's 

Representative Contracting Officer's Technical Representative of any 

identified deficiencies and the proposed corrective action. Submit an 

updated commissioning report and systems manual documenting the results of 

the post-construction inspection. 

 

 

-- End of Section -- 
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SECTION 02 41 00

DEMOLITION AND DECONSTRUCTION
05/10

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI Guideline K (2009) Guideline for Containers for 
Recovered Non-Flammable Fluorocarbon 
Refrigerants

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 145 (1991; R 2012) Standard Specification for 
Classification of Soils and Soil-Aggregate 
Mixtures for Highway Construction Purposes

AASHTO T 180 (2017) Standard Method of Test for 
Moisture-Density Relations of Soils Using 
a 4.54-kg (10-lb) Rammer and a 457-mm 
(18-in.) Drop

AMERICAN SOCIETY OF SAFETY PROFESSIONALS (ASSP)

ASSP A10.6 (2006) Safety & Health Program 
Requirements for Demolition Operations - 
American National Standard for 
Construction and Demolition Operations

CARPET AND RUG INSTITUTE (CRI)

CRI 104 (2015) Carpet Installation Standard for 
Comnmercial Carpet

CRI 105 (2015) Carpet Installation Standard for 
Residential Carpet

U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 385-1-1 (2014) Safety and Health Requirements 
Manual

U.S. DEFENSE LOGISTICS AGENCY (DLA)

DLA 4145.25 (Jun 2000; Reaffirmed Oct 2010) Storage 
and Handling of Liquefied and Gaseous 
Compressed Gases and Their Full and Empty 
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Cylinders 
http://www.aviation.dla.mil/UserWeb/aviationengineering/HazInfo/

U.S. DEPARTMENT OF DEFENSE (DOD)

DOD 4000.25-1-M (2006) MILSTRIP - Military Standard 
Requisitioning and Issue Procedures

MIL-STD-129 (2014; Rev R; Change 1 2018; Change 2 
2019) Military Marking for Shipment and 
Storage

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 61 National Emission Standards for Hazardous 
Air Pollutants

40 CFR 82 Protection of Stratospheric Ozone

49 CFR 173.301 Shipment of Compressed Gases in Cylinders 
and Spherical Pressure Vessels

1.2   PROJECT DESCRIPTION

1.2.1   Definitions

1.2.1.1   Demolition

Demolition is the process of wrecking or taking out any load-supporting 
structural member of a facility together with any related handling and 
disposal operations.

1.2.1.2   Deconstruction

Deconstruction is the process of taking apart a facility with the primary 
goal of preserving the value of all useful building materials.

1.2.1.3   Demolition Plan

Demolition Plan is the planned steps and processes for managing demolition 
activities and identifying the required sequencing activities and disposal 
mechanisms.

1.2.1.4   Deconstruction Plan

Deconstruction Plan is the planned steps and processes for dismantling all 
or portions of a structure or assembly, to include managing sequencing 
activities, storage, re-installation activities, salvage and disposal 
mechanisms.

1.2.2   Demolition/Deconstruction Plan

Prepare a Demolition Plan  Deconstruction Plan  and submit proposed salvage, 
demolition, deconstruction, and removal procedures for approval before 
work is started.  Include in the plan procedures for careful removal and 
disposition of materials specified to be salvaged, coordination with other 
work in progress, a disconnection schedule of utility services, a detailed 
description of methods and equipment to be used for each operation and of 
the sequence of operations.  Identify components and materials to be 
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salvaged for reuse or recycling with reference to paragraph Existing 
Facilities to be Removed.  Append tracking forms for all removed materials 
indicating type, quantities, condition, destination, and end use.  
Coordinate with Waste Management Plan in accordance with Section 01 74 19  
CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL.  Include statements affirming 
Contractor inspection of the existing roof deck and its suitability to 
perform as a safe working platform or if inspection reveals a safety 
hazard to workers, state provisions for securing the safety of the workers 
throughout the performance of the work.  Provide procedures for safe 
conduct of the work in accordance with EM 385-1-1 .  Plan shall be approved 
by Contracting Officer prior to work beginning.

1.2.3   General Requirements

Do not begin demolition or deconstruction until authorization is received 
from the Contracting Officer.  The work of this section is to be performed 
in a manner that maximizes the value derived from the salvage and 
recycling of materials.  Remove rubbish and debris from the project site; 
do not allow accumulations inside or outside the buildings . The work 
includes demolition, deconstruction, salvage of identified items and 
materials, and removal of resulting rubbish and debris.  Remove rubbish 
and debris from Government property daily, unless otherwise directed.  
Store materials that cannot be removed daily in areas specified by the 
Contracting Officer.  In the interest of occupational safety and health, 
perform the work in accordance with EM 385-1-1 , Section 23, Demolition, 
and other applicable Sections.

1.3   ITEMS TO REMAIN IN PLACE

Take necessary precautions to avoid damage to existing items to remain in 
place, to be reused, or to remain the property of the Government.  Repair 
or replace damaged items as approved by the Contracting Officer.  
Coordinate the work of this section with all other work indicated.  
Construct and maintain shoring, bracing, and supports as required.  Ensure 
that structural elements are not overloaded.  Increase structural supports 
or add new supports as may be required as a result of any cutting, 
removal, deconstruction, or demolition work performed under this 
contract.  Do not overload structural elements pavements to remain.  
Provide new supports and reinforcement for existing construction weakened 
by demolition, deconstruction, or removal work.  Repairs, reinforcement, 
or structural replacement require approval by the Contracting Officer 
prior to performing such work.

1.3.1   Existing Construction Limits and Protection

Do not disturb existing construction beyond the extent indicated or 
necessary for installation of new construction.  Provide temporary shoring 
and bracing for support of building components to prevent settlement or 
other movement.  Provide protective measures to control accumulation and 
migration of dust and dirt in all work areas.  Remove snow, dust, dirt, 
and debris from work areas daily.

1.3.2   Weather Protection

For portions of the building to remain, protect building interior and 
materials and equipment from the weather at all times.  Where removal of 
existing roofing is necessary to accomplish work, have materials and 
workmen ready to provide adequate and temporary covering of exposed areas.
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1.3.3   Trees

Protect trees within the project site which might be damaged during 
demolition or deconstruction, and which are indicated to be left in place, 
by a  6 foot  high fence.  Erect and secure fence a minimum of  5 feet  from 
the trunk of individual trees or follow the outer perimeter of branches or 
clumps of trees.  Replace any tree designated to remain that is damaged 
during the work under this contract with like-kind or as approved by the 
Contracting Officer.

1.3.4   Utility Service

Maintain existing utilities indicated to stay in service and protect 
against damage during demolition and deconstruction operations.  Prior to 
start of work, the Government will disconnect and seal utilities serving 
each area of alteration or removal upon written request from the Contractor.

1.3.5   Facilities

Protect electrical and mechanical services and utilities.  Where removal 
of existing utilities and pavement is specified or indicated, provide 
approved barricades, temporary covering of exposed areas, and temporary 
services or connections for electrical and mechanical utilities.  Floors, 
roofs, walls, columns, pilasters, and other structural components that are 
designed and constructed to stand without lateral support or shoring, and 
are determined to be in stable condition, must remain standing without 
additional bracing, shoring, or lateral support until demolished or 
deconstructed, unless directed otherwise by the Contracting Officer.  
Ensure that no elements determined to be unstable are left unsupported and 
place and secure bracing, shoring, or lateral supports as may be required 
as a result of any cutting, removal, deconstruction, or demolition work 
performed under this contract.

1.4   BURNING

The use of burning at the project site for the disposal of refuse and 
debris will not be permitted .  Where burning is permitted, adhere to 
federal, state, and local regulations.

1.5   AVAILABILITY OF WORK AREAS

Areas in which the work is to be accomplished will be available in 
accordance with the following schedule:

Schedule

Area Date

1.6   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:
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SD-01 Preconstruction Submittals

Demolition Plan ; G
Deconstruction Plan ; G
Existing Conditions

SD-07 Certificates

Notification ; G
Notification of Demolition and Renovation Form

SD-11 Closeout Submittals

Receipts

1.7   QUALITY ASSURANCE

Submit timely notification  of demolition deconstruction and renovation 
projects to Federal, State, regional, and local authorities in accordance 
with 40 CFR 61 , Subpart M.  Notify the Regional Office of the United 
States Environmental Protection Agency (USEPA) State's environmental 
protection agency local air pollution control district/agency and the 
Contracting Officer in writing 10 working days prior to the commencement 
of work in accordance with 40 CFR 61 , Subpart M.  Comply with federal, 
state, and local hauling and disposal regulations.  In addition to the 
requirements of the "Contract Clauses," conform to the safety requirements 
contained in ASSP A10.6 .  Comply with the Environmental Protection Agency 
requirements specified.  Use of explosives will not be permitted.

1.7.1   Dust and Debris Control

Prevent the spread of dust and debris and avoid the creation of a nuisance 
or hazard in the surrounding area.  Do not use water if it results in 
hazardous or objectionable conditions such as, but not limited to, ice, 
flooding, or pollution.  Vacuum and dust the work area daily . Sweep 
pavements as often as necessary to control the spread of debris that may 
result in foreign object damage potential to aircraft.

1.8   PROTECTION

1.8.1   Traffic Control Signs

a.  Where pedestrian and driver safety is endangered in the area of 
removal work, use traffic barricades with flashing lights.  Anchor 
barricades in a manner to prevent displacement by wind, jet or prop 
blast. Notify the Contracting Officer prior to beginning such work.

1.8.2   Protection of Personnel

Before, during and after the demolition and deconstruction work 
continuously evaluate the condition of the structure being demolished and 
deconstructed and take immediate action to protect all personnel working 
in and around the project site.  No area, section, or component of floors, 
roofs, walls, columns, pilasters, or other structural element will be 
allowed to be left standing without sufficient bracing, shoring, or 
lateral support to prevent collapse or failure while workmen remove debris 
or perform other work in the immediate area.
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1.9   FOREIGN OBJECT DAMAGE (FOD)

Aircraft and aircraft engines are subject to FOD from debris and waste 
material lying on airfield pavements.  Remove all such materials that may 
appear on operational aircraft pavements due to the Contractor's 
operations.  If necessary, the Contracting Officer may require the 
Contractor to install a temporary barricade at the Contractor's expense to 
control the spread of FOD potential debris.  The barricade shall include a 
fence covered with a fabric designed to stop the spread of debris.  Anchor 
the fence and fabric to prevent displacement by winds or jet/prop blasts.  
Remove barricade when no longer required.

1.10   RELOCATIONS

Perform the removal and reinstallation of relocated items as indicated 
with workmen skilled in the trades involved.  Repair or replace items to 
be relocated which are damaged by the Contractor  with new undamaged items 
as approved by the Contracting Officer.

1.11   EXISTING CONDITIONS

Before beginning any demolition or deconstruction work, survey the site 
and examine the drawings and specifications to determine the extent of the 
work.  Record existing conditions in the presence of the Contracting 
Officer showing the condition of structures and other facilities adjacent 
to areas of alteration or removal.  Photographs sized 4 inch  will be 
acceptable as a record of existing conditions.  Include in the record the 
elevation of the top of foundation walls, finish floor elevations, 
possible conflicting electrical conduits, plumbing lines, alarms systems, 
the location and extent of existing cracks and other damage and 
description of surface conditions that exist prior to before starting 
work.  It is the Contractor's responsibility to verify and document all 
required outages which will be required during the course of work, and to 
note these outages on the record document.  Submit survey results.

PART 2   PRODUCTS

2.1   FILL MATERIAL

a.  Comply with excavating, backfilling, and compacting procedures for 
soils used as backfill material to fill basements, voids, depressions 
or excavations resulting from demolition or deconstruction of 
structures.   Fill material shall be waste products from demolition or 
deconstruction until all waste appropriate for this purpose is 
consumed.

b.  Fill material shall conform to the definition of satisfactory soil 
material as defined in AASHTO M 145, Soil Classification Groups A-1, 
A-2-4, A-2-5 and A-3.  In addition, fill material shall be free from 
roots and other organic matter, trash, debris, frozen materials, and 
stones larger than  2 inches  in any dimension.

c.  Proposed fill material must be sampled and tested by an approved soil 
testing laboratory, as follows:

Soil classification AASHTO M 145
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Moisture-density relations AASHTO T 180 , Method B or D

PART 3   EXECUTION

3.1   EXISTING FACILITIES TO BE REMOVED

Inspect and evaluate existing structures onsite for reuse.  Existing 
construction scheduled to be removed for reuse shall be disassembled.  
Dismantled and removed materials are to be separated, set aside, and 
prepared as specified, and stored or delivered to a collection point for 
reuse, remanufacture, recycling, or other disposal, as specified.  
Materials shall be designated for reuse onsite whenever possible.

3.1.1   Structures

a.  [Demolish] [Deconstruct] structures in a systematic manner from the 
top of the structure to the ground.  Complete demolition work above 
each tier or floor before the supporting members on the lower level 
are disturbed.  [Demolish] [Deconstruct] concrete and masonry walls in 
small sections.  Remove structural framing members and lower to ground 
by means of derricks, platforms hoists, or other suitable methods as 
approved by the Contracting Officer.

b.  Locate demolition and deconstruction equipment throughout the 
structure and remove materials so as to not impose excessive loads to 
supporting walls, floors, or framing.

c.  Building, or the remaining portions thereof, not exceeding  80 feet  in 
height may be demolished by the mechanical method of demolition.

3.1.2   Utilities and Related Equipment

3.1.2.1   General Requirements

Do not interrupt existing utilities serving occupied or used facilities, 
except when authorized in writing by the Contracting Officer.  Do not 
interrupt existing utilities serving facilities occupied and used by the 
Government except when approved in writing and then only after temporary 
utility services have been approved and provided.  Do not begin demolition 
or deconstruction work until all utility disconnections have been made.  
Shut off and cap utilities for future use, as indicated.

3.1.2.2   Disconnecting Existing Utilities

Remove existing utilities , as indicated uncovered by work and terminate 
in a manner conforming to the nationally recognized code covering the 
specific utility and approved by the Contracting Officer.  When utility 
lines are encountered but are not indicated on the drawings, notify the 
Contracting Officer prior to further work in that area.  Remove meters and 
related equipment and deliver to a location on the station in accordance 
with instructions of the Contracting Officer.

3.1.3   Paving and Slabs

Remove concrete and asphaltic concrete paving and slabs as indicated new 
finish grade.  Provide neat sawcuts at limits of pavement removal as 
indicated.  Pavement and slabs designated to be recycled and utilized in 
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this project shall be moved, ground and stored as directed by the 
Contracting Officer.  Pavement and slabs not to be used in this project 
shall be removed from the Installation at Contractor's expense.

3.1.4   Roofing

Remove existing roof system and associated components in their entirety 
down to existing roof deck. Sequence work to minimize building exposure 
between demolition or deconstruction and new roof materials installation.

3.1.4.1   Temporary Roofing

Install temporary roofing and flashing as necessary to maintain a 
watertight condition throughout the course of the work.  Remove temporary 
work prior to installation of permanent roof system materials unless 
approved otherwise by the Contracting Officer.  The existing deck and 
support structure is deteriorated where indicated, such that ability to 
support foot traffic and construction loads is unknown.  Make provisions 
for worker safety during demolition, deconstruction, and installation of 
new materials as described in paragraphs entitled "Statements" and 
"Regulatory and Safety Requirements."

3.1.4.2   Reroofing

When removing the existing roofing system from the roof deck, remove only 
as much roofing as can be recovered by the end of the work day, unless 
approved otherwise by the Contracting Officer.  Do not attempt to open the 
roof covering system in threatening weather.  Reseal all openings prior to 
suspension of work the same day.

3.1.5   Concrete

Saw concrete along straight lines to a depth of a minimum  2 inch .  Make 
each cut in walls perpendicular to the face and in alignment with the cut 
in the opposite face.  Break out the remainder of the concrete provided 
that the broken area is concealed in the finished work, and the remaining 
concrete is sound.  At locations where the broken face cannot be 
concealed, grind smooth or saw cut entirely through the concrete. 

3.1.6   Structural Steel

Dismantle structural steel at field connections and in a manner that will 
prevent bending or damage.  Salvage for recycle structural steel, steel 
joists, girders, angles, plates, columns and shapes.  Flame-cutting 
torches are permitted when other methods of dismantling are not practical.  
Transport steel joists and girders as whole units and not dismantled.  
Transport structural steel shapes to a designated area as directed by the 
Contracting Officer, stacked according to size, type of member and length, 
and stored off the ground, protected from the weather.

3.1.7   Miscellaneous Metal

Salvage shop-fabricated items such as access doors and frames, steel 
gratings, metal ladders, wire mesh partitions, metal railings, metal 
windows and similar items as whole units.  Salvage light-gage and 
cold-formed metal framing, such as steel studs, steel trusses, metal 
gutters, roofing and siding, metal toilet partitions, toilet accessories 
and similar items.  Scrap metal shall become the Contractor's property.  
Recycle scrap metal as part of demolition and deconstruction operations.  
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Provide separate containers to collect scrap metal and transport to a 
scrap metal collection or recycling facility, in accordance with the Waste 
Management Plan.

3.1.8   Carpentry

Salvage for recycle lumber, millwork items, and finished boards, and sort 
by type and size.  Remove windows, doors, frames, and cabinets, and 
similar items as whole units, complete with trim and accessories.  Salvage 
hardware attached to units for reuse.  Brace the open end of door frames 
to prevent damage.

3.1.9   Carpet

Remove existing carpet for reclamation in accordance with manufacturer 
recommendations and as follows.  Remove used carpet in large pieces, roll 
tightly, and pack neatly in a container.  Remove adhesive according to 
recommendations of the Carpet and Rug Institute (CRI).  Adhesive removal 
solvents shall comply with CRI 104 / CRI 105 .  Recycle removed carpet 
cushion.

3.1.10   Acoustic Ceiling Tile

Remove, neatly stack, and recycle acoustic ceiling tiles.  Recycling may 
be available with manufacturer.  Otherwise, priority shall be given to a 
local recycling organization.  Recycling is not required if the tiles 
contain or may have been exposed to asbestos material.

3.1.11   Patching

Where removals leave holes and damaged surfaces exposed in the finished 
work, patch and repair these holes and damaged surfaces to match adjacent 
finished surfaces, using on-site materials when available.  Where new work 
is to be applied to existing surfaces, perform removals and patching in a 
manner to produce surfaces suitable for receiving new work.  Finished 
surfaces of patched area shall be flush with the adjacent existing surface 
and shall match the existing adjacent surface as closely as possible as to 
texture and finish.  Patching shall be as specified and indicated, and 
shall include:

a.  Concrete and Masonry: Completely fill holes and depressions, [caused 
by previous physical damage or] left as a result of removals in 
existing masonry walls to remain, with an approved masonry patching 
material, applied in accordance with the manufacturer's printed 
instructions.

b.  Where existing partitions have been removed leaving damaged or missing 
resilient tile flooring, patch to match the existing floor tile.

c.  Patch acoustic lay-in ceiling where partitions have been removed. The 
transition between the different ceiling heights shall be effected by 
continuing the higher ceiling level over to the first runner on the 
lower ceiling and closing the vertical opening with a painted sheet 
metal strip.

3.1.12   Cylinders and Canisters

Remove all fire suppression system cylinders and canisters and dispose of 
in accordance with the paragraph entitled "Disposal of Ozone Depleting 
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Substance (ODS)."

3.1.13   Locksets on Swinging Doors

Remove all locksets from all swinging doors indicated to be removed and 
disposed of.  Deliver the locksets and related items to a designated 
location for receipt by the Contracting Officer after removal.

3.1.14   Mechanical Equipment and Fixtures

Disconnect mechanical hardware at the nearest connection to existing 
services to remain, unless otherwise noted.  Disconnect mechanical 
equipment and fixtures at fittings.  Remove service valves attached to the 
unit.  Salvage each item of equipment and fixtures as a whole unit; 
listed, indexed, tagged, and stored.  Salvage each unit with its normal 
operating auxiliary equipment.  Transport salvaged equipment and fixtures, 
including motors and machines, to a designated  storage area as directed 
by the Contracting Officer.  Do not remove equipment until approved.  Do 
not offer low-efficiency equipment for reuse.

3.1.14.1   Preparation for Storage

Remove water, dirt, dust, and foreign matter from units; tanks, piping and 
fixtures shall be drained; interiors, if previously used to store 
flammable, explosive, or other dangerous liquids, shall be steam cleaned.  
Seal openings with caps, plates, or plugs.  Secure motors attached by 
flexible connections to the unit.  Change lubricating systems with the 
proper oil or grease.

3.1.14.2   Piping

Disconnect piping at unions, flanges and valves, and fittings as required 
to reduce the pipe into straight lengths for practical storage.  Store 
salvaged piping according to size and type.  If the piping that remains 
can become pressurized due to upstream valve failure, end caps, blind 
flanges, or other types of plugs or fittings with a pressure gage and 
bleed valve shall be attached to the open end of the pipe to ensure 
positive leak control.  Carefully dismantle piping that previously 
contained gas, gasoline, oil, or other dangerous fluids, with precautions 
taken to prevent injury to persons and property.  Store piping outdoors 
until all fumes and residues are removed.  Box prefabricated supports, 
hangers, plates, valves, and specialty items according to size and type.  
Wrap sprinkler heads individually in plastic bags before boxing.  Classify 
piping not designated for salvage, or not reusable, as scrap metal.

3.1.14.3   Ducts

Classify removed duct work as scrap metal.

3.1.14.4   Fixtures, Motors and Machines

Remove and salvage fixtures, motors and machines associated with plumbing, 
heating, air conditioning, refrigeration, and other mechanical system 
installations.  Salvage, box and store auxiliary units and accessories 
with the main motor and machines.  Tag salvaged items for identification, 
storage, and protection from damage.  Classify [non-porcelain ]broken, 
damaged, or otherwise unserviceable units and not caused to be broken, 
damaged, or otherwise unserviceable as debris to be disposed of by the 
Contractor.  
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3.1.15   Electrical Equipment and Fixtures

Salvage motors, motor controllers, and operating and control equipment 
that are attached to the driven equipment.  Salvage wiring systems and 
components.  Box loose items and tag for identification.  Disconnect 
primary, secondary, control, communication, and signal circuits at the 
point of attachment to their distribution system.

3.1.15.1   Fixtures

Remove and salvage electrical fixtures.  Salvage unprotected glassware 
from the fixture and salvage separately.  Salvage incandescent, 
mercury-vapor, and fluorescent lamps and fluorescent ballasts manufactured 
prior to 1978, boxed and tagged for identification, and protected from 
breakage.

3.1.15.2   Electrical Devices

Remove and salvage switches, switchgear, transformers, conductors 
including wire and nonmetallic sheathed and flexible armored cable, 
regulators, meters, instruments, plates, circuit breakers, panelboards, 
outlet boxes, and similar items.  Box and tag these items for 
identification according to type and size.

3.1.15.3   Wiring Ducts or Troughs

Remove and salvage wiring ducts or troughs.  Dismantle plug-in ducts and 
wiring troughs into unit lengths.  Remove plug-in or disconnecting devices 
from the busway and store separately.

3.1.15.4   Conduit and Miscellaneous Items

Salvage conduit except where embedded in concrete or masonry.  Consider 
corroded, bent, or damaged conduit as scrap metal.  Sort straight and 
undamaged lengths of conduit according to size and type.  Classify 
supports, knobs, tubes, cleats, and straps as debris to be removed and 
disposed.

3.2   CONCURRENT EARTH-MOVING OPERATIONS

Do not begin excavation, filling, and other earth-moving operations that 
are sequential to demolition or deconstruction work in areas occupied by 
structures to be demolished or deconstructed until all demolition and 
deconstruction in the area has been completed and debris removed.  Fill 
holes, open basements and other hazardous openings.

3.3   DISPOSITION OF MATERIAL

3.3.1   Title to Materials

Except for salvaged items specified in related Sections, and for materials 
or equipment scheduled for salvage, all materials and equipment removed 
and not reused or salvaged, shall become the property of the Contractor 
and shall be removed from Government property.  Title to materials 
resulting from demolition and deconstruction, and materials and equipment 
to be removed, is vested in the Contractor upon approval by the 
Contracting Officer of the Contractor's demolition, deconstruction, and 
removal procedures, and authorization by the Contracting Officer to begin 
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demolition and deconstruction.  The Government will not be responsible for 
the condition or loss of, or damage to, such property after contract 
award.  Showing for sale or selling materials and equipment on site is 
prohibited.

3.3.2   Reuse of Materials and Equipment

Remove and store materials and equipment listed in the Demolition 
Deconstruction Plan to be reused or relocated to prevent damage, and 
reinstall as the work progresses.  Coordinate the re-use of materials and 
equipment with the re-use requirements in accordance with Section 01 74 19  
CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL.  Capture re-use of materials 
in the diversion calculations for the project.

3.3.3   Disposal of Ozone Depleting Substance (ODS)

Class I and Class II ODS are defined in Section, 602(a) and (b), of The 
Clean Air Act.  Prevent discharge of Class I and Class II ODS to the 
atmosphere.  Place recovered ODS in cylinders meeting AHRI Guideline K  
suitable for the type ODS (filled to no more than 80 percent capacity) and 
provide appropriate labeling.  Recovered ODS shall be [put back into the 
existing equipment] [turned over to the Contracting Officer] [removed from 
Government property and disposed of in accordance with 40 CFR 82 ].  
Products, equipment and appliances containing ODS in a sealed, 
self-contained system (e.g. residential refrigerators and window air 
conditioners) shall be disposed of in accordance with 40 CFR 82 .  Submit 
Receipts  or bills of lading, as specified.  Submit a shipping receipt or 
bill of lading for all containers of ozone depleting substance (ODS) 
shipped to the Defense Depot, Richmond, Virginia.

3.3.3.1   Special Instructions

No more than one type of ODS is permitted in each container.  A 
warning/hazardous label shall be applied to the containers in accordance 
with Department of Transportation regulations.  All cylinders including 
but not limited to fire extinguishers, spheres, or canisters containing an 
ODS shall have a tag with the following information:

a.  Activity name and unit identification code

b.  Activity point of contact and phone number

c.  Type of ODS and pounds of ODS contained

d.  Date of shipment

e.  National stock number (for information, call (804) 279-4525).

3.3.3.2   Fire Suppression Containers

Deactivate fire suppression system cylinders and canisters with electrical 
charges or initiators prior to shipment.  Also, safety caps must be used 
to cover exposed actuation mechanisms and discharge ports on these special 
cylinders.

3.3.4   Transportation Guidance

Ship all ODS containers in accordance with MIL-STD-129 , DLA 4145.25  (also 
referenced one of the following:  Army Regulation 700-68, Naval Supply 
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Instruction 4440.128C, Marine Corps Order 10330.2C, and Air Force 
Regulation 67-12), 49 CFR 173.301 , and DOD 4000.25-1-M .

3.3.5   Unsalvageable and Non-Recyclable Material

Dispose of unsalvageable and non-recyclable combustible material off the 
site.

3.4   CLEANUP

Remove debris and rubbish from basement and similar excavations.  Remove 
and transport the debris in a manner that prevents spillage on streets or 
adjacent areas.  Apply local regulations regarding hauling and disposal.

3.5   DISPOSAL OF REMOVED MATERIALS

3.5.1   Regulation of Removed Materials

Dispose of debris, rubbish, scrap, and other nonsalvageable materials 
resulting from removal operations with all applicable federal, state and 
local regulations as contractually specified in the Waste Management Plan.

3.5.2   Burning on Government Property

Burning of materials removed from demolished and deconstructed structures 
will not be permitted on Government property Transport combustible 
materials removed from demolished and deconstructed structures to the 
areas designated for burning.  Control fires for protection of persons and 
property.  Monitor fires continuously until the fires have burned out or 
have been extinguished.  Comply with Federal, State and local laws 
regulating the building and maintaining of brush and trash fires.

3.5.3   Removal to Spoil Areas on Government Property

Transport noncombustible materials removed from demolition and 
deconstruction structures to designated spoil areas on Government property.

3.5.4   Removal from Government Property

Transport waste materials removed from demolished and deconstructed 
structures, except waste soil, from Government property for legal 
disposal.  Dispose of waste soil as directed.

3.6   REUSE OF SALVAGED ITEMS

Recondition salvaged materials and equipment designated for reuse before 
installation.  Replace items damaged during removal and salvage operations 
or restore them as necessary to usable condition.

       -- End of Section --
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SECTION 02 42 51

CARPET REMOVAL AND RECLAMATION
11/19

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN SOCIETY OF SAFETY PROFESSIONALS (ASSP)

ASSP A10.6 (2006) Safety & Health Program 
Requirements for Demolition Operations - 
American National Standard for 
Construction and Demolition Operations

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 340/1-90/018 (1990) Asbestos/NESHAP Regulated Asbestos 
Containing Materials Guidance

EPA AP-42 (1995) Compilation of Air Pollution 
Emission Factors

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 61-SUBPART M National Emission Standard for Asbestos

40 CFR 247 Comprehensive Procurement Guideline for 
Products Containing Recovered Materials

1.2   SUMMARY

Furnish a contract for used carpet reclamation, including planned 
procedures for removal and reclamation of used carpet.

Refer to related Section 09 68 00  CARPETING for floor preparation prior to 
installation of new carpet.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Dust-Control Measures ; G
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Packing and Transportation Measures ; G

Schedule of Carpet Reclamation Activities ; G

Carpet Reclamation Agency Records ; G

1.4   QUALITY CONTROL

1.4.1   Carpet Reclamation Agency

Provide documentation of being a Carpet America Recovery Efforts (CARE) 
approved carpet removal contractor (or designated agent firm) providing 
used carpet recycling under the most current EPA recognized Carpet 
Reclamation Program, or equivalent from alternate recycling agent.

1.4.2   Carpet Remover Requirements

Submit details for the following:

dust-control measures

packing and transportation measures

1.4.3   Carpet Reclamation Agency Submittal

Submit a copy of carpet reclamation agency records  verifying receipt and 
disposition of used carpet.

1.4.4   Regulatory Requirements

Comply with governing regulations; including, but not limited to:

a.  EPA 340/1-90/018

b.  EPA AP-42

c.  40 CFR 61-SUBPART M

d.  ASSP A10.6

e.  40 CFR 247

Comply with hauling and disposal regulations of authorities having 
jurisdiction.  Record and maintain records of all off-site removal of 
debris and materials.

Provide the following information regarding the removed materials within
the schedule of carpet reclamation activities :

a.  Time and Date of Removal.

b.  Type of Material.

c.  Weight and Quantity of Materials.

d.  Final Destination of Materials.
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1.4.4.1   Carpet Reclamation Agency and Carpet Remover Certification

Certify in writing that used carpet was removed and recycled in accordance 
with the current EPA recognized Carpet Reclamation Program.  Do not place 
removed carpet and associated materials in a landfill.

1.5   PROJECT/SITE CONDITIONS

1.5.1   Environmental Requirements

Obtain approval of Owner before performing operations which generate 
contaminants.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

2.1.1   Carpet Reclamation Agency

The current approved reclamation agency is Carpet America Recovery Effort 
(CARE).

2.1.2   Carpet Removers

Submit documentation of being a CARE approved carpet removal contractor.

2.2   MATERIALS

2.2.1   Adhesive Removal Solvents

Comply with Carpet and Rug Institute Publication 104.

2.2.2   Used Carpet

Maintain possession of removed used carpet.  Immediately remove from site 
and place in container or trailer.

Carefully remove, store, and protect designated materials and equipment 
for re-installation under other Sections or for retention by Owner.

2.2.3   Carpet Pad

Provide recycling of carpet padding where locally available or as 
designated by Carpet Reclamation Agency.

PART 3   EXECUTION

3.1   EXAMINATION

3.1.1   Verification of Conditions

Examine areas and conditions under which work is to be performed.  
Identify conditions detrimental to proper or timely completion.  Do not 
proceed until unsatisfactory conditions have been corrected.

3.2   PREPARATION

Provide, erect, and maintain barricades, lighting, and guardrails as 
required to protect general public, workers, and adjoining property.
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Vacuum used carpet before removal.

3.3   APPLICATION

3.3.1   Carpet Removal

Remove used carpets in large pieces, roll tightly, and pack neatly in 
container.  Include carpet scrap and waste from new installation.

Deposit only clean, dry carpet in containers.  "Clean" is defined as free 
from demolition debris, asbestos contamination, garbage, and tack strips.

Remove adhesive according to recommendations of the Carpet and Rug 
Institute (CRI).

3.3.2   Container Disposal

Place used carpet in fully-enclosed, front [end] loading  40-yard container  
supplied by Carpet Reclamation Agency.  Place only used commercial 
carpeting in collection container.  Keep container locked or supervised.

Use effective packing techniques to maximize the amount of material in the 
container.  On average, a container holds  2,000-3,000 square yards .  
Neatly stack carpet tiles or repack in cardboard boxes before placing in 
container.

When container is full, contact Carpet Reclamation Agency to coordinate 
pickup and drop-off of replacement container.  If container is locked for 
security purposes, remove lock before pickup.

3.3.3   Truck Trailer Disposal

Place used carpet in a  53 foot  trailer supplied by Carpet Reclamation 
Agency.  Place only used commercial carpeting in trailer.  Keep trailer 
locked or supervised.

Use effective packing techniques to maximize the amount of material in the 
trailer.  Comply with Department of Transportation regulations for weight 
limits.  Typical maximum weight of used carpet on trailers is  45,000 pounds .

Neatly stack carpet tiles or repack in cardboard boxes before placing in 
trailer.  Do not stack higher than  6 feet .  When trailer is full, contact 
Carpet Reclamation Agency to coordinate pickup and drop-off of replacement 
trailer.  If trailer is locked for security purposes, remove lock before 
pickup.

3.3.4   Interior Operations

Seal doors and other openings with duct tape at heads, jambs, and sills to 
contain contaminants from work which occurs within a single room.

Use window exhaust systems to establish negative pressure in 
contaminant-producing work areas, ensuring continuous flow of air into 
work area.

Do not open windows in work area except when an exhaust fan is used.  
Close windows at end of each work shift.  Seal exhaust system ductwork 
which might leak into building or mechanical systems.
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Damp mop hard surface floors in work area daily to minimize tracking of 
contaminants from work area.  In carpeted areas, protect carpet with 
plastic and plywood.  Provide hard-surfaced area at entrances for daily 
damp mopping.

        -- End of Section --
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN CONCRETE INSTITUTE (ACI) 

 

ACI 117 (2010; Errata 2011) Specifications for 

Tolerances for Concrete Construction and 

Materials and Commentary 

 

ACI 121R (2008) Guide for Concrete Construction 

 Quality Systems in Conformance with ISO 

9001 

ACI 213R (2014; E2017) Guide for Structural 

Lightweight-Aggregate Concrete 

ACI 301 (2016) Specifications for Structural 

Concrete 

ACI 302.1R (2015) Guide for Concrete Floor and Slab 

Construction 

ACI 304.2R (2017) Guide to Placing Concrete by 

Pumping Methods 

ACI 304R (2000; R 2009) Guide for Measuring, 

Mixing, Transporting, and Placing Concrete 

ACI 305.1 (2014) Specification for Hot Weather 

Concreting 

ACI 305R (2010) Guide to Hot Weather Concreting 

ACI 306.1 (1990; R 2002) Standard Specification for 

Cold Weather Concreting 

ACI 306R (2016) Guide to Cold Weather Concreting 

ACI 308.1 (2011) Specification for Curing Concrete 

ACI 347R (2014; Errata 1 2017) Guide to Formwork 

for Concrete 

ACI SP-2 (2007; Abstract: 10th Edition) ACI Manual 

of Concrete Inspection 

ACI SP-15 (2011) Field Reference Manual: Standard 

Specifications for Structural Concrete ACI 

301-05 with Selected ACI References 

 

AMERICAN HARDBOARD ASSOCIATION (AHA) 

 

AHA A135.4 (1995; R 2004) Basic Hardboard 
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AMERICAN WELDING SOCIETY (AWS) 

AWS D1.4/D1.4M (2011) Structural Welding Code - 

Reinforcing Steel 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM A36/A36M (2014) Standard Specification for Carbon 

Structural Steel 

 

ASTM A53/A53M (2018) Standard Specification for Pipe, 

Steel, Black and Hot-Dipped, Zinc-Coated, 

Welded and Seamless 

 

ASTM A184/A184M (2017) Standard Specification for Welded 

Deformed Steel Bar Mats for Concrete 

Reinforcement 

 

ASTM A615/A615M (2016) Standard Specification for Deformed 

and Plain Carbon-Steel Bars for Concrete 

Reinforcement 

 

ASTM A706/A706M (2016) Standard Specification for 
Low-Alloy Steel Deformed and Plain Bars 

for Concrete Reinforcement 

 

ASTM A767/A767M (2016) Standard Specification for 
Zinc-Coated (Galvanized) Steel Bars for 

Concrete Reinforcement 

 

ASTM A775/A775M (2017) Standard Specification for 

Epoxy-Coated Steel Reinforcing Bars 

 

ASTM A780/A780M (2009; R 2015) Standard Practice for 

Repair of Damaged and Uncoated Areas of 

Hot-Dip Galvanized Coatings 

 

ASTM A820/A820M (2016) Standard Specification for Steel 

Fibers for Fiber-Reinforced Concrete 

 

ASTM A884/A884M (20142019) Standard Specification for 

Epoxy-Coated Steel Wire and Welded Wire 

Reinforcement 

 

ASTM A934/A934M (2016) Standard Specification for 

Epoxy-Coated Prefabricated Steel 

Reinforcing Bars 

 

ASTM A955/A955M (2018b) Standard Specification for 

Deformed and Plain Stainless-Steel Bars 

for Concrete Reinforcement 

 

ASTM A970/A970M (2018) Standard Specification for Headed 

Steel Bars for Concrete Reinforcement 

 

ASTM A996/A996M (2016) Standard Specification for 
Rail-Steel and Axle-Steel Deformed Bars 

for Concrete Reinforcement 

 

ASTM A1022/A1022M (2016b) Standard Specification for 
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Deformed and Plain Stainless Steel Wire 

and Welded Wire for Concrete Reinforcement 

 

ASTM A1044/A1044M (2016a) Standard Specification for Steel 

Stud Assemblies for Shear Reinforcement of 

Concrete 

 

ASTM A1055/A1055M (2016) Standard Specification for Zinc and 

Epoxy Dual Coated Steel Reinforcing Bars 

 

ASTM A1060/A1060M (2016b) Standard Specification for 
Zinc-Coated (Galvanized) Steel Welded Wire 

Reinforcement, Plain and Deformed, for 

Concrete 

ASTM A1064/A1064M (2017) Standard Specification for 

Carbon-Steel Wire and Welded Wire 

Reinforcement, Plain and Deformed, for 

Concrete 

 

ASTM C31/C31M (2019) Standard Practice for Making and 

Curing Concrete Test Specimens in the Field 

 

ASTM C33/C33M (2018) Standard Specification for Concrete 

Aggregates 

 

ASTM C39/C39M (2018) Standard Test Method for 

Compressive Strength of Cylindrical 

Concrete Specimens 

 

ASTM C42/C42M (2018a) Standard Test Method for Obtaining 

and Testing Drilled Cores and Sawed Beams 

of Concrete 

 

ASTM C78/C78M (2018) Standard Test Method for Flexural 

Strength of Concrete (Using Simple Beam 

with Third-Point Loading) 

 

ASTM C94/C94M (2018) Standard Specification for 

Ready-Mixed Concrete 

 

ASTM C138/C138M (2017a) Standard Test Method for Density 

(Unit Weight), Yield, and Air Content 

(Gravimetric) of Concrete 

 

ASTM C143/C143M (2015) Standard Test Method for Slump of 

Hydraulic-Cement Concrete 

 

ASTM C150/C150M (2018) Standard Specification for Portland 

Cement 

 

ASTM C172/C172M (2017) Standard Practice for Sampling 

Freshly Mixed Concrete 

 

ASTM C173/C173M (2016) Standard Test Method for Air 

Content of Freshly Mixed Concrete by the 

Volumetric Method 

 

ASTM C231/C231M (2017a) Standard Test Method for Air 

Content of Freshly Mixed Concrete by the 

Pressure Method 
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ASTM C260/C260M (2010a; R 2016) Standard Specification for 

Air-Entraining Admixtures for Concrete 

 

ASTM C311/C311M (2018) Standard Test Methods for Sampling 

and Testing Fly Ash or Natural Pozzolans 

for Use in Portland-Cement Concrete 

 

ASTM C330/C330M (2017a) Standard Specification for 

Lightweight Aggregates for Structural 

Concrete 

ASTM C494/C494M (2017) Standard Specification for Chemical 

Admixtures for Concrete 

ASTM C552 (2017; E 2018) Standard Specification for 

Cellular Glass Thermal Insulation 

ASTM C567/C567M (2014) Determining Density of Structural 

Lightweight Concrete 

ASTM C578 (2018) Standard Specification for Rigid, 

Cellular Polystyrene Thermal Insulation 

ASTM C591 (20172019) Standard Specification for 

Unfaced Preformed Rigid Cellular 

Polyisocyanurate Thermal Insulation 

ASTM C595/C595M (2018) Standard Specification for Blended 

Hydraulic Cements 

ASTM C618 (2019) Standard Specification for Coal Fly 

Ash and Raw or Calcined Natural Pozzolan 

for Use in Concrete 

ASTM C803/C803M (2018) Standard Test Method for 

Penetration Resistance of Hardened Concrete 

ASTM C845/C845M (2018) Standard Specification for 

Expansive Hydraulic Cement 

ASTM C873/C873M (2015) Standard Test Method for 

Compressive Strength of Concrete Cylinders 

Cast in Place in Cylindrical Molds 

ASTM C900 (2015) Standard Test Method for Pullout 

Strength of Hardened Concrete 

ASTM C920 (2018) Standard Specification for 

Elastomeric Joint Sealants 

ASTM C989/C989M (2018a) Standard Specification for Slag 

Cement for Use in Concrete and Mortars 

ASTM C1012/C1012M (2018b) Standard Test Method for Length 

Change of Hydraulic-Cement Mortars Exposed 

to a Sulfate Solution 

ASTM C1017/C1017M (2013; E 2015) Standard Specification for 

Chemical Admixtures for Use in Producing 

Flowing Concrete 



SECTION 03 30 00 Page 9 

 

 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

ASTM C1074 (2011) Standard Practice for Estimating 

Concrete Strength by the Maturity Method 

ASTM C1077 (2017) Standard Practice for Agencies 

Testing Concrete and Concrete Aggregates 

for Use in Construction and Criteria for 

Testing Agency Evaluation 

ASTM C1107/C1107M (2017) Standard Specification for Packaged 

Dry, Hydraulic-Cement Grout (Nonshrink) 

 

ASTM C1116/C1116M (2010a; R 2015) Standard Specification for 

Fiber-Reinforced Concrete 

 

ASTM C1157/C1157M (2017) Standard Performance Specification 

for Hydraulic Cement 

 

ASTM C1218/C1218M (2017) Standard Test Method for 

Water-Soluble Chloride in Mortar and 

Concrete 

 

ASTM C1240 (2014) Standard Specification for Silica 

Fume Used in Cementitious Mixtures 

 

ASTM C1260 (2014) Standard Test Method for Potential 

Alkali Reactivity of Aggregates 

(Mortar-Bar Method) 
 

ASTM C1293 (2008; R 2015) Standard Test Method for 

Determination of Length Change of Concrete 

Due to Alkali-Silica Reaction 

 

ASTM C1567 (2013) Standard Test Method for Potential 

Alkali-Silica Reactivity of Combinations 

of Cementitious Materials and Aggregate 

(Accelerated Mortar-Bar Method) 

 

ASTM C1602/C1602M (2018) Standard Specification for Mixing 

Water Used in Production of Hydraulic 

Cement Concrete 

 

ASTM C1778 (2016) Standard Guide for Reducing the 

Risk of Deleterious Alkali-Aggregate 

Reaction in Concrete 

 

ASTM D412 (2016) Standard Test Methods for 

Vulcanized Rubber and Thermoplastic 

Elastomers - Tension 

 

ASTM D471 (2016a) Standard Test Method for Rubber 

Property - Effect of Liquids 

 

ASTM D1751 (2004; E 2013; R 2013) Standard 
Specification for Preformed Expansion 

Joint Filler for Concrete Paving and 

Structural Construction (Nonextruding and 

Resilient Bituminous Types) 

 

ASTM D1752 (2018) Standard Specification for 

Preformed Sponge Rubber, Cork and Recycled 
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PVC Expansion Joint Fillers for Concrete 

Paving and Structural Construction 

 

ASTM D2628 (1991; R 2016) Standard Specification for 

Preformed Polychloroprene Elastomeric 

Joint Seals for Concrete Pavements 

 

ASTM D2835 (1989; R 2017) Standard Specification for 

Lubricant for Installation of Preformed 

Compression Seals in Concrete Pavements 

 

ASTM D3042 (2017) Standard Test Method for Insoluble 

Residue in Carbonate Aggregates 

 

ASTM D5759 (2012) Characterization of Coal Fly Ash 

and Clean Coal Combustion Fly Ash for 

Potential Uses 

 

ASTM D6690 (2015) Standard Specification for Joint 

and Crack Sealants, Hot Applied, for 

Concrete and Asphalt Pavements 

 

ASTM E96/E96M (2016) Standard Test Methods for Water 

Vapor Transmission of Materials 

 

ASTM E329 (2018) Standard Specification for Agencies 

Engaged in Construction Inspection, 

Testing, or Special Inspection 

 

ASTM E1155 (2014) Standard Test Method for 

Determining Floor Flatness and Floor 

Levelness Numbers 

 

ASTM E1643 (2018a) Standard Practice for Selection, 

Design, Installation, and Inspection of 

Water Vapor Retarders Used in Contact with 

Earth or Granular Fill Under Concrete Slabs 

 

ASTM E1745 (2017) Standard Specification for Water 

Vapor Retarders Used in Contact with Soil 

or Granular Fill under Concrete Slabs 

 

ASTM E1993/E1993M (1998; R 2013; E 2013) Standard 
Specification for Bituminous Water Vapor 

Retarders Used in Contact with Soil or 

Granular Fill Under Concrete Slabs 

 

CONCRETE REINFORCING STEEL INSTITUTE (CRSI) 

 

CRSI 10MSP (2009; 28th Ed; Errata) Manual of Standard 

Practice 

 

CRSI RB4.1 (2016) Supports for Reinforcement Used in 

Concrete 

 

FOREST STEWARDSHIP COUNCIL (FSC) 

 

FSC STD 01 001 (2015) Principles and Criteria for Forest 

Stewardship 
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NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST) 

 

NIST PS 1 (2009) DOC Voluntary Product Standard PS 

1-07, Structural Plywood 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

 

COE CRD-C 513 (1974) Corps of Engineers Specifications 

for Rubber Waterstops 

 

COE CRD-C 572 (1974) Corps of Engineers Specifications 

for Polyvinylchloride Waterstops 

 

U.S. GENERAL SERVICES ADMINISTRATION (GSA) 

 

FS SS-S-200 (Rev E; Am 1; Notice 1) Sealant, Joint, 

Two-Component, Jet-Blast-Resistant, 

Cold-Applied, for Portland Cement Concrete 

Pavement 

 

U.S. GREEN BUILDING COUNCIL (USGBC) 

 

LEED NC (2009) Leadership in Energy and 

Environmental Design(tm) New Construction 

Rating System 
 

1.2 DEFINITIONS 

 

a. "Cementitious material" as used herein must include all portland 

cement, pozzolan, fly ash, slag cement. 

 

b. "Exposed to public view" means situated so that it can be seen from 

eye level from a public location after completion of the building. A 

public location is accessible to persons not responsible for operation 

or maintenance of the building. 

 

c. "Chemical admixtures" are materials in the form of powder or fluids 

that are added to the concrete to give it certain characteristics not 

obtainable with plain concrete mixes. 

 

d. "Supplementary cementing materials" (SCM) include coal fly ash, 

[silica fume, ]slag cement, natural or calcined pozzolans, and 

ultra-fine coal ash when used in such proportions to replace the 

portland cement that result in improvement to sustainability and 

durability and reduced cost. 

 

e. "Design strength" (f'c) is the specified compressive strength of 

concrete at time(s) specified in this section to meet structural 

design criteria. 

 

f. "Mass Concrete" is any concrete system that approaches a maximum 

temperature of 70 degrees C 158 degrees F within the first 72 hours of 

placement. In addition, it includes all concrete elements with a 

section thickness of 1 meter 3 feet or more regardless of temperature. 

 

g. "Mixture proportioning" is the process of designing concrete mixture 

proportions to enable it to meet the strength, service life and 

constructability requirements of the project while minimizing the 

initial and life-cycle cost. 

 

h. "Mixture proportions" are the masses or volumes of individual 
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ingredients used to make a unit measure (cubic meter or cubic yard) of 

concrete. 

i. "Pozzolan" is a siliceous or siliceous and aluminous material, which 

in itself possesses little or no cementitious value but will, in 

finely divided form and in the presence of moisture, chemically react 

with calcium hydroxide at ordinary temperatures to form compounds 

possessing cementitious properties. 

 

j. "Workability (or consistence)" is the ability of a fresh (plastic) 

concrete mix to fill the form/mould properly with the desired work 

(vibration) and without reducing the concrete's quality. Workability 

depends on water content, chemical admixtures, aggregate (shape and 

size distribution), cementitious content and age (level of hydration). 

 

1.3 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are [for Contractor Quality 

Control approval.][for information only. When used, a designation 

following the "G" designation identifies the office that will review 

thesubmittal for the Government.] Submittals with an "S" are for 

inclusion in the Sustainability eNotebook, in conformance with Section 

01 33 29 SUSTAINABILITY REPORTING. Submit the following in accordance 

with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

 Concrete Curing Plan 

 Quality Control Plan; G[, [  ]] 
 

Quality Control Personnel Certifications; G[, [  ]] 

Quality Control Organizational Chart 

Laboratory Accreditation; G[, [   ]] 

 Form Removal Schedule; G[, [  ]] 

  Maturity Method Data 

SD-02 Shop Drawings 

 Formwork 

 

  Reinforcing Steel; G[, [  ]] 

SD-03 Product Data 

Joint Sealants; (LEED NC) 

Joint Filler; (LEED NC) 

Formwork Materials 

Recycled Aggregate Materials; (LEED NC) 

Cementitious Materials; (LEED  NC) 

Vapor Retarder [and Vapor Barrier] 



SECTION 03 30 00 Page 13 

 

 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

Concrete Curing Materials 

Reinforcement; (LEED NC) 

Liquid Chemical Floor Hardeners and Sealers 

Admixtures 

Reinforcing Fibers 

 

Mechanical Reinforcing Bar Connectors  

Local/Regional Materials; (LEED NC) 

Biodegradable Form Release Agent 

 

 Pumping Concrete 

 

 Finishing Plan 

 

  Nonshrink Grout 

SD-04 Samples 

 Slab Finish Sample 

 

 Surface Finish Samples 

 

 SD-05 Design Data 

 

Concrete Mix Design; G[, [  ]] 

 

 Formwork Calculations 

 

 SD-06 Test Reports 

 

Concrete Mix Design; G[, [  ]] 

Fly Ash 

Pozzolan 

Slag Cement 

Aggregates 

 Fiber-Reinforced Concrete; G[, [  ]] 

 

 Tolerance Report 

 Compressive Strength Tests; G[, [  ]] 

 Unit Weight of Structural Concrete 

 Chloride Ion Concentration 
 

 Air Content 

 

 Slump Tests 
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Water 

SD-07 Certificates 

Reinforcing Bars 

Welder Qualifications 

 VOC Content for Form Release Agents, Curing Compounds, and 

Concrete Penetrating Sealers 

 

 Safety Data Sheets 

 

Forest Stewardship Council (FSC) Certification 

Field Testing Technician and Testing Agency 

SD-08 Manufacturer's Instructions 
 

Liquid Chemical Floor Hardeners and Sealers 

Joint Sealants; (LEED NC) 

 Curing Compound 
 

1.4 MODIFICATION OF REFERENCES 

 

Accomplish work in accordance with ACI publications except as modified 

herein. Consider the advisory or recommended provisions to be mandatory 

 Interpret reference to the "Building Official," the "Structural 

Engineer," and the "Architect/Engineer" to mean the Contracting Officer. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

Follow ACI 301, ACI 304R and ASTM A934/A934M requirements and 

recommendations. Do not deliver concrete until vapor retarder, [vapor 

barrier,] forms, reinforcement, embedded items, and chamfer strips are in 

place and ready for concrete placement. Do not store concrete curing 

compounds or sealers with materials that have a high capacity to adsorb 

volatile organic compound (VOC) emissions, including [  ]. Do not 

store concrete curing compounds or sealers in occupied spaces. 

 

1.5.1 Reinforcement 

 

Store reinforcement of different sizes and shapes in separate piles or 

racks raised above the ground to avoid excessive rusting. Protect from 

contaminants such as grease, oil, and dirt. Ensure bar sizes can be 

accurately identified after bundles are broken and tags removed. 
 

1.6 QUALITY ASSURANCE 

 

1.6.1 Design Data 

 

1.6.1.1 Formwork Calculations 

 

ACI 347R. Include design calculations indicating arrangement of forms, 

sizes and grades of supports (lumber), panels, and related components. 

Furnish drawings and calculations of shoring and re-shoring methods 

proposed for floor and roof slabs, spandrel beams, and other horizontal 

concrete members. Calculations must indicate concrete pressure with both 

live and dead loads, along with material types. 
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]1.6.1.2 Concrete Mix Design 

 

Sixty days minimum prior to concrete placement, submit a mix design for 

each strength and type of concrete. Submit a complete list of materials 

including type; brand; source and amount of cement, supplementary 

cementitious materials, [fibers], and admixtures; and applicable reference 

specifications. Submit mill test and all other test for cement, 

supplementary cementitious materials, aggregates, and admixtures. Provide 

documentation of maximum nominal aggregate size, gradation analysis, 

percentage retained and passing sieve, and a graph of percentage retained 

verses sieve size. Provide mix proportion data using at least three 

different water-cementitious material ratios for each type of mixture, 

which produce a range of strength encompassing those required for each 

type of concrete required. If source material changes, resubmit mix 

proportion data using revised source material. Provide only materials 

that have been proven by trial mix studies to meet the requirements of 

this specification, unless otherwise approved in writing by the 

Contracting Officer.Indicate clearly in the submittal where each mix 

design is used when more than one mix design is submitted. Resubmit data 

on concrete components if the qualities or source of components changes. 

For previously approved concrete mix designs used within the past twelve 

months, the previous mix design may be re-submitted without further trial 

batch testing if accompanied by material test data conducted within the 

last six months. Obtain mix design approval from the contracting officer 

prior to concrete placement. 

 

1.6.2 Shop Drawings 

1.6.2.1 Formwork 

Drawings showing details of formwork including, but not limited to; 

joints, supports, studding and shoring, and sequence of form and shoring 

removal. Indicate placement schedule, construction, location and method 

of forming control joints. Include locations of inserts, conduit, sleeves 

and other embedded items. Reproductions of contract drawings are 

unacceptable. Submit form removal schedule indicating element and minimum 

length of time for form removal. 

 

Design, fabricate, erect, support, brace, and maintain formwork so that it 

is able to support, without failure, all vertical and lateral loads that 

may reasonably be anticipated to be applied to the formwork. 

 

1.6.2.2 Reinforcing Steel 

 

Indicate bending diagrams, assembly diagrams, splicing and laps of bars, 

shapes, dimensions, and details of bar reinforcing, accessories, and 

concrete cover. Do not scale dimensions from structural drawings to 

determine lengths of reinforcing bars. Reproductions of contract drawings 

are unacceptable. 

 

1.6.3 Control Submittals 

1.6.3.1  Concrete Curing Plan 

Submit proposed materials, methods and duration for curing concrete 

elements in accordance with ACI 308.1. 

1.6.3.2 Pumping Concrete 

 

Submit proposed materials and methods for pumping concrete. Submittal 

must include mix designs, pumping equipment including type of pump and 
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size and material for pipe, and maximum length and height concrete is to 

be pumped. 
 

1.6.3.3 Finishing Plan 

 

Submit proposed material and procedures to be used in obtaining the finish 

for the [  ] floors. Include qualification of person to be used for 

obtaining floor tolerance measurement, description of measuring equipment 

to be used, and a sketch showing lines and locations the measuring 

equipment will follow. 

 

1.6.3.4 VOC Content for form release agents, curing compounds, and 

concrete penetrating sealers 

 

Submit certification for the form release agent, curing compounds, and 

concrete penetrating sealers that indicate the VOC content of each product. 

 

1.6.3.5 Safety Data Sheets 

 

Submit Safety Data Sheets (SDS) for all materials that are regulated for 

hazardous health effects. SDS must be readily accessible during each work 

shift to employees when they are at the construction site. 

 

1.6.4 Test Reports 

 

1.6.4.1 Fly Ash and Pozzolan 

 

Submit test results in accordance with ASTM C618 for fly ash and 

pozzolan. Submit test results performed within 6 months of submittal date. 

 

1.6.4.2 Slag Cement 

 

Submit test results in accordance with ASTM C989/C989M for slag cement. 

Submit test results performed within 6 months of submittal date. 

 

1.6.4.3 Aggregates 

 

Submit test results in accordance with ASTM C33/C33M, or ASTM C330/C330M 

for lightweight aggregate, and ASTM C1293 or ASTM C1567 as required in the 

paragraph titled ALKALI-AGGREGATE REACTION. 

 

1.6.4.4 Fiber-Reinforced Concrete 

 

Test to determine flexural toughness index I5 in accordance with 

ASTM C1116/C1116M. 

 

1.6.5 Field Samples 

1.6.5.1  Slab Finish Sample 

Install minimum of 3000 mm by 3000 mm 10 foot by 10 foot slab. Slab 

finish sample must not be part of the final project. Finish as required 

by specification 

 

1.6.5.2 Surface Finish Samples 

Provide a minimum of three sample concrete panels for each finish for each 

mix design, one m by one m, 75 mm 3 feet by 3 feet, 3 inches thick. Use 

the approved concrete mix design(s). Provide sample panels on-site at 

locations directed. Once approved, each set of panels must be 

representative of each of the finishes specified and of the workmanship 
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and finish(es) required. Do not remove or destroy samples until directed 

by the Contracting Officer. 

 

1.6.6 Quality Control Plan 

 

Develop and submit for approval a concrete quality control program in 

accordance with the guidelines of ACI 121R and as specified herein. The 

plan must include approved laboratories. Provide direct oversight for the 

concrete qualification program inclusive of associated sampling and 

testing. All quality control reports must be provided to the Contracting 

Officer, Quality Manager and Concrete Supplier. Maintain a copy of 

ACI SP-15 and CRSI 10MSP at project site. 

1.6.7 Quality Control Personnel Certifications 

 

The Contractor must submit for approval the responsibilities of the 

various quality control personnel, including the names and qualifications 

of the individuals in those positions and a quality control organizational 

chart defining the quality control hierarchy and the responsibility of the 

various positions. Quality control personnel must be employed by the 

Contractor. 

 

Submit American Concrete Institute certification for the following: 

 

a. CQC personnel responsible for inspection of concrete operations. 

 

b. Lead Foreman or Journeyman of the Concrete Placing, Finishing, and 

Curing Crews. 

 

c. Field Testing Technicians: ACI Concrete Field Testing Technician, 

Grade I. 

 

1.6.7.1 Quality Manager Qualifications 

 

The quality manager must hold a current license as a professional engineer 

in a U.S. state or territory with experience on at least five similar 

projects. Evidence of extraordinary proven experience may be considered 

by the Contracting Officer as sufficient to act as the Quality Manager. 

 

1.6.7.2 Field Testing Technician and Testing Agency 

 

Submit data on qualifications of proposed testing agency and technicians 

for approval by the Contracting Officer prior to performing testing on 

concrete. 

 

a. Work on concrete under this contract must be performed by an ACI 

Concrete Field Testing Technician Grade 1 qualified in accordance with 

ACI SP-2 or equivalent. Equivalent certification programs must 

include requirements for written and performance examinations as 

stipulated in ACI SP-2. 

 

b. Testing agencies that perform testing services on reinforcing steel 

must meet the requirements of ASTM E329. 

 

c. Testing agencies that perform testing services on concrete materials 

must meet the requirements of ASTM C1077. 

1.6.8 Laboratory Qualifications for Concrete Qualification Testing 

The concrete testing laboratory must have the necessary equipment and 

experience to accomplish required testing. The laboratory must meet the 
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requirements of ASTM C1077 and be Cement and Concrete Reference Laboratory 

(CCRL) inspected. 

 

1.6.9 Laboratory Accreditation 

 

Laboratory and testing facilities must be provided by and at the expense 

of the Contractor. The laboratories performing the tests must be 

accredited in accordance with ASTM C1077, including ASTM C78/C78M and 

ASTM C1260. The accreditation must be current and must include the 

required test methods, as specified. Furthermore, the testing must comply 

with the following requirements: 

 

a. Aggregate Testing and Mix Proportioning: Aggregate testing and mixture 

proportioning studies must be performed by an accredited laboratory 

and under the direction of a [registered professional engineer in a 

U.S. state or territory competent in concrete materials][  ] who is 

competent in concrete materials and must sign all reports and designs. 

 

b. Acceptance Testing: Furnish all materials, labor, and facilities 

required for molding, curing, testing, and protecting test specimens 

at the site and in the laboratory. Furnish and maintain boxes or 

other facilities suitable for storing and curing the specimens at the 

site while in the mold within the temperature range stipulated by 

ASTM C31/C31M. 

 

c. Contractor Quality Control: All sampling and testing must be performed 

by an approved, onsite, independent, accredited laboratory. 

 

1.7 ENVIRONMENTAL REQUIREMENTS 

 

Provide space ventilation according to material manufacturer 

recommendations, at a minimum, during and following installation of 

concrete curing compound and sealer. Maintain one of the following 

ventilation conditions during the curing period or for 72 hours after 

installation: 

 

a. Supply 100 percent outside air 24 hours a day. 

 

b. Supply airflow at a rate of 6 air changes per hour, when outside 

temperatures are between 13 degrees C 55 degrees F and 29 degrees C 84 

degrees F and humidity is between 30 percent and 60 percent. 

 

c. Supply airflow at a rate of 1.5 air changes per hour, when outside air 

conditions are not within the range stipulated above. 

 

1.7.1 Submittals for Environmental Performance 

 

a. Provide data indication the percentage of post-industrial pozzolan 

(fly ash, slag cement) cement substitution as a percentage of the full 

product composite by weight. 

 

b. Provide data indicating the percentage of post-industrial and 

post-consumer recycled content aggregate. 

 

c. Provide product data indicating the percentage of post-consumer 

recycled steel content in each type of steel reinforcement as a 

percentage of the full product composite by weight. 

 

d. Provide product data stating the location where all products were 

manufactured 
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e. For projects using FSC certified formwork, provide chain-of-custody 

documentation for all certified wood products. 

 

f. For projects using reusable formwork, provide data showing how 

formwork is reused. 

 

g. Provide SDS product information data showing that form release agents 

meet any environmental performance goals such as using vegetable and 

soy based products. 

 

h. Provide SDS product information data showing that concrete adhesives 

meet any environmental performance goals including low emitting, low 

volatile organic compound products. 

 

1.8 SUSTAINABLE DESIGN REQUIREMENTS 

 

1.8.1 Local/Regional Materials 

 

[Use materials or products extracted, harvested, or recovered, as well as 

manufactured, within a [805][  ] kilometer [500][  ] mile radius 

from the project site, if available from a minimum of three sources.][See 

Section 01 33 29 SUSTAINABILITY REPORTING for cumulative total local 

material requirements.  Concrete materials may be locally available.][ 

Submit documentation indicating distance between manufacturing facility 

and the project site. Indicate distance of raw material origin from the 

project site. Indicate relative dollar value of local/regional materials 

to total dollar value of products included in project.] 

 

1.8.2 Forest Stewardship Council (FSC) Certification 

 

Use FSC-certified wood where specified. Provide letter of certification 

signed by lumber supplier. Indicate compliance with FSC STD 01 001 and 

identify certifying organization. Submit FSC certification numbers; 

identify each certified product on a line-item basis. Submit copies of 

invoices bearing the FSC certification numbers. 

1.9 QUALIFICATIONS FOR WELDING WORK 

 

Welding procedures must be in accordance with AWS D1.4/D1.4M. 

 

Verify that Welder qualifications are in accordance with AWS D1.4/D1.4M 

for welding of reinforcement or under an equivalent qualification test 

approved in advance. Welders are permitted to do only the type of welding 

for which each is specifically qualified. 

 

PART 2 PRODUCTS 

 

2.1 FORMWORK MATERIALS 

 

a. Form-facing material in contact with concrete must be [lumber,] 

[plywood,] [tempered concrete-form-grade hardboard,] [metal,] 

[plastic,] or [treated paper that creates specified appearance and 

texture of concrete surface]. Submit product information on proposed 

form-facing materials if different from that specified herein. 

 

b. Design formwork, shores, reshores, and backshores to support loads 

transmitted to them and to comply with applicable building code 

requirements. 

 

c. Design formwork and shoring for load redistribution resulting from 
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stressing of post-tensioned reinforcement. Ensure that formwork 

allows movement resulting from application of prestressing force. 

 

d. Design formwork to withstand pressure resulting from placement and 

vibration of concrete and to maintain specified tolerances. 

 

e. Design formwork to accommodate waterstop materials in joints at 

locations indicated in Contract Documents. 

 

f. Provide temporary openings in formwork if needed to facilitate 

cleaning and inspection. 

 

g. Design formwork joints to inhibit leakage of mortar. 

 

h. Limit deflection of facing materials for concrete surfaces exposed to 

view to [1/400][  ] of center-to-center spacing of facing 

supports. 

 

 i. Do not use earth cuts as forms for vertical or sloping surfaces. 

 j. Submit product information on proposed form-facing materials if 

different from that specified herein. 

 k. Submit shop drawings for formwork, shoring, reshoring, and 

backshoring. Shop drawings must be signed and sealed by a licensed 

design engineer. 

 

l. Submit design calculations for formwork, shoring, reshoring, and 

backshoring. Design calculations must be signed and sealed by a 

licensed design engineer. 

 

 m. Submit procedure for reshoring and backshoring, including drawings 

signed and sealed by a licensed design engineer. Include on shop 

drawings the formwork removal procedure and magnitude of construction 

loads used for design of reshoring or backshoring system. Indicate in 

procedure the magnitude of live and dead loads assumed for required 

capacity of the structure at time of reshoring or backshoring 

n. Submit manufacturer's product data on form liner proposed for use with 

each formed surface. 

 

2.1.1 Wood Forms 

 

Use lumber as specified in Section 06 10 00 ROUGH CARPENTRY and as 

follows. Provide lumber that is square edged or tongue-and-groove boards, 

free of raised grain, knotholes, or other surface defects. Provide 

plywood that complies with NIST PS 1, B-B concrete form panels or better 

or AHA A135.4, hardboard for smooth form lining.[ Submit data verifying 

that composite wood products contain no urea formaldehyde resins.][ 

Virgin wood used must be FSC-certified.] 
 

2.1.1.1 Concrete Form Plywood (Standard Rough) 

 

Provide plywood that conforms to NIST PS 1, B-B, concrete form, not less 

than 16 mm 5/8-inch thick. 

 

2.1.1.2 Overlaid Concrete Form Plywood (Standard Smooth) 

 

Provide plywood that conforms to NIST PS 1, B-B, high density form 

overlay, not less than 16 mm 5/8-inch thick. 

 

2.1.2 Plastic Forms 
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Plastic lumber as specified in Section 06 10 00 ROUGH CARPENTRY. Provide 

plastic forms that contain a minimum of [50] [100] percent post-consumer 

recycled content, or a minimum of [50] [100] percent post-industrial 

recycled content. 

 

2.1.3 Carton Forms 

 

Moisture resistant treated paper faces, biodegradable, structurally 

sufficient to support weight of wet concrete until initial set. Provide 

carton forms that contain a minimum of [5] [10] [  ] percent 

post-consumer recycled content, or a minimum of [20] [40] [  ] percent 

post-industrial recycled content. 

2.1.4 Steel Forms 

 

Provide steel form surfaces that do not contain irregularities, dents, or 

sags. 

 

2.2 FORMWORK ACCESSORIES 

 

a. Use commercially manufactured formwork accessories, including ties and 

hangers. 

 

b. Form ties and accessories must not reduce the effective cover of the 

reinforcement. 

 

2.2.1 Form Ties 

 

a. Use form ties with ends or end fasteners that can be removed without 

damage to concrete. 

 

b. Where indicated in Contract Documents, use form ties with integral 

water barrier plates or other acceptable positive water barriers in 

walls. 
 

c. The breakback distance for ferrous ties must be at least [50 mm2 in.] [ 
19 mm3/4 in.] [  ] for Surface Finish-2.0 or Surface Finish-3.0, as 

defined in ACI 301. 

 

 d. If the breakback distance is less than 19 mm 3/4 in., use coated or 

corrosion-resistant ties. 

 

 e. Submit manufacturer's data sheet on form ties. 

 

2.2.2 Waterstops 

 

Submit manufacturer's data sheet on waterstop materials and splices. 
 

 

2.2.3 Biodegradable Form Release Agent 

 

a. Provide form release agent that is colorless, biodegradable, and 

[rapeseed oil-based] [soy oil-based] [water-based], with a [low 

(maximum of 55 grams/liter (g/l))] [zero] VOC content.[ A minimum of 

[85][  ] percent of the total product must be biobased material.] 

 

b. Provide product that does not bond with, stain, or adversely affect 

concrete surfaces and does not impair subsequent treatments of 

concrete surfaces. 

 

c. Provide form release agent that reduces formwork moisture absorption, 
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and does not contain diesel fuel, petroleum-based lubricating oils, 

waxes, or kerosene. Submit documentation indicating type of biobased 

material in product and biobased content. Indicate relative dollar 

value of biobased content products to total dollar value of products 

included in project. 

 

d. Submit manufacturer's product data on formwork release agent for use 

on each form-facing material. 

 

2.2.4 Chamfer Materials 

 

Use lumber materials with dimensions of 19 x 19 mm 3/4 x 3/4 in. 

2.2.5 Construction and movement joints 

 

a. Submit details and locations of construction joints in accordance with 

the requirements herein. 

 

b. Locate construction joints within middle one-third of spans of slabs, 

beams, and girders. If a beam intersects a girder within the middle 

one-third of girder span, the distance between the construction joint 

in the girder and the edge of the beam must be at least twice the 

width of the larger member. 

 

c. For members with post-tensioning tendons, locate construction joints 

where tendons pass through centroid of concrete section. 

 

d. Locate construction joints in walls and columns at underside of slabs, 

beams, or girders and at tops of footings or slabs. 

 

e. Make construction joints perpendicular to main reinforcement. 

 

f. Provide movement joints where indicated in Contract Documents or in 

accepted alternate locations. 

 

g. Submit location and detail of movement joints if different from those 

indicated in Contract Documents. 

 

h. Submit manufacturer's data sheet on expansion joint materials. 

 

i. Provide keyways where indicated in Contract Documents.[ Longitudinal 

keyways indicated in Contract Documents must be at least 37.5 mm 1-1/2 

in. deep, measured perpendicular to the plane of the joint.] 

 

2.2.6 Perimeter Insulation 

 

Perimeter insulation must be polystyrene conforming to ASTM C578, Type II; 

polyurethane conforming to ASTM C591, Type II; or cellular glass 

conforming to ASTM C552, Type I or IV. Comply with EPA requirements in 

accordance with Section 01 33 29 SUSTAINABILITY REPORTING. 

 

2.2.7 Other Embedded items 

 

Use sleeves, inserts, anchors, and other embedded items of material and 

design indicated in Contract Documents. 

 

2.3 CONCRETE MATERIALS 

 

2.3.1 Cementitious Materials 
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2.3.1.1 Portland Cement 

a. Unless otherwise specified, provide cement that conforms to 

ASTM C150/C150M Type I/II. 
 

b. Use one brand and type of cement for formed concrete having 

exposed-to-view finished surfaces. 

 

c. [For portland cement manufactured in a kiln fueled by hazardous waste, 

maintain a record of source for each batch.] [Supplier must certify 

that no hazardous waste is used in the fuel mix or raw materials.] 

[Supplier must certify that the hazardous waste is neutralized by the 

manufacturing process and that no additional pollutants are 

discharged.] 

 

d. Submit information along with evidence demonstrating compliance with 

referenced standards. Submittals must include types of cementitious 

materials, manufacturing locations, shipping locations, and 

certificates showing compliance. 

 

e. Cementitious materials must be stored and kept dry and free from 

contaminants. 
 

 

2.3.1.2 Fly Ash 

 

a. ASTM C618, [Class F], except that the maximum allowable loss on 

ignition must not exceed [3] [6] percent. 

 

 

b. Fly ash content must be a minimum of [20] percent by weight of 

cementitious material, provided the fly ash does not reduce the 

amount of cement in the concrete mix below the minimum 

requirements of local building codes. Where the use of fly ash 

cannot meet the minimum level, provide the maximum amount of fly 

ash permittable that meets the code requirements for cement 

content. Report the chemical analysis of the fly ash in accordance 

with ASTM C311/C311M. Evaluate and classify fly ash in accordance 

with ASTM D5759. 

 

2.3.1.3 Other Supplementary Cementitious Materials 

 

Natural pozzolan must be raw or calcined and conform to ASTM C618, Class 

N, including the optional requirements for uniformity and effectiveness in 

controlling ASR and must have an ignition loss not exceeding 3 percent. 

Class N pozzolan for use in mitigating ASR must have a Calcium Oxide (CaO) 

content of less than 13 percent and total equivalent alkali content less 

than 3 percent. 

 

Ultra Fine Fly Ash (UFFA) and Ultra Fine Pozzolan (UFP) must conform to 

ASTM C618, Class F or N, and the following additional requirements: 

 

a. The strength activity index at 28 days of age must be at least 95 

percent of the control specimens. 

 

b. The average particle size must not exceed 6 microns. 

 

c. The sum of SiO2 + Al2O3 + Fe2O3 must be greater than 77 percent. 

 

2.3.2 Water 
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a. Water or ice must comply with the requirements of ASTM C1602/C1602M. 

 

b. Minimize the amount of water in the mix. Improve workability by 

adjusting the grading of the aggregate and using admixture rather than 

by adding water. 

 

c. Water must be [potable] free from injurious amounts of oils, acids, 

alkalis, salts, organic materials, or other substances deleterious to 

concrete. 

 

d. Protect mixing water and ice from contamination during storage and 

delivery. 

 

e. Submit test report showing water complies with ASTM C1602/C1602M. 

 

 f. When nonpotable source is proposed for use, submit documentation on 

effects of water on strength and setting time in compliance with 

ASTM C1602/C1602M. 

 

2.3.3 Aggregate 

 

2.3.3.1 Normal-Weight Aggregate 

 

a. Aggregates must conform to ASTM C33/C33M [unless otherwise specified 

in the Contract Documents or approved by the contracting 

officer][  ]. 
 

b. Aggregates used in concrete must be obtained from the same sources and 

have the same size range as aggregates used in concrete represented by 

submitted field test records or used in trial mixtures. 

 

c.  [Provide sand that is at least 50 percent acid insoluble based on 

ASTM D3042.][Provide sand that is at least 50 percent natural sand.] 

 

d. Store and handle aggregate in a manner that will avoid segregation and 

prevents contamination by other materials or other sizes of 

aggregates. Store aggregates in locations that will permit them to 

drain freely. Do not use aggregates that contain frozen lumps. 

 

e. Submit types, pit or quarry locations, producers' names, aggregate 

supplier statement of compliance with ASTM C33/C33M, and ASTM C1293 

expansion data not more than 18 months old. 
 

2.3.3.2 Recycled Aggregate Materials 

 

Use a minimum of [25] [  ] percent recycled aggregate, depending on 

local availability and conforming to requirements of the mix design. 

Recycled aggregate to include: [recovered concrete] [recovered stone]  

[  ] that meets the aggregate requirements 

specified. Submit recycled material request with the aggregate 

certification submittals and do not use until approved by the 

Contracting Officer. 

 

2.3.4 Admixtures 

 

 

a. Chemical admixtures must conform to ASTM C494/C494M. 

 

b. Air-entraining admixtures must conform to ASTM C260/C260M. 

 

c. Chemical admixtures for use in producing flowing concrete must conform 
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to ASTM C1017/C1017M. 

 

d. Do not use calcium chloride admixtures. 

 

e.  [Use a corrosion-inhibiting admixture for concrete classified 

under exposure category [C1] [C2].] [Use an ASR-inhibiting 

admixture for concrete containing aggregate susceptible to ASR.] [ 

 ] 

 

f. Admixtures used in concrete must be the same as those used in the 

concrete represented by submitted field test records or used in trial 

mixtures. 

 

g. Protect stored admixtures against contamination, evaporation, or 

damage. 

 

h. To ensure uniform distribution of constituents, provide agitating 

equipment for admixtures used in the form of suspensions or unstable 

solutions. Protect liquid admixtures from freezing and from 

temperature changes that would adversely affect their characteristics. 

 

i. Submit types, brand names, producers' names, manufacturer's technical 

data sheets, and certificates showing compliance with standards 

required herein. 

 

2.4 MISCELLANEOUS MATERIALS 

 

2.4.1 Concrete Curing Materials 

 

Provide concrete curing material in accordance with ACI 301 Section 5 and 

ACI 308.1 Section 2. Submit product data for concrete curing compounds. 

Submit manufactures instructions for placement of curing compound. 

 

2.4.2 Nonshrink Grout 

 

Nonshrink grout in accordance with ASTM C1107/C1107M. 

 

2.4.3 Floor Finish Materials 

 

2.4.3.1 Liquid Chemical Floor Hardeners and Sealers 

 

a. Hardener must be a colorless aqueous solution containing a blend of 

inorganic silicate or siliconate material and proprietary components 

combined with a wetting agent; that penetrates, hardens, and densifies 

concrete surfaces. Submit manufactures instructions for placement of 

liquid chemical floor hardener. 

b. Use concrete penetrating sealers with a low (maximum 100 grams/liter, 

less water and less exempt compounds) VOC content. Submit 

manufactures instructions for placement of sealers. 

 

2.4.3.2 Abrasive Aggregate for Nonslip Aggregate Finish 

 

Aggregate must be packaged, factory-graded fused aluminum oxide grits, or 

it may be crushed emery containing not less than 40-percent aluminum oxide 

and not less than 25-percent ferric oxide. Aggregate must be rust proof 

and nonglazing and must be unaffected by freezing, moisture, and cleaning 

materials. 

 

Aggregate must be packaged, factory-graded, silicon carbide grits. 
Aggregate must be rust proof and must be unaffected by freezing, moisture, 
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and cleaning materials. 

 

Aggregate must be well-graded in size from particles retained on 600 

micrometer sieve No. 30 sieve 0.0236 inch to particles passing 2.36 mm 

sieve No. 8 sieve 0.0929 inch. 

 

2.4.3.3 Dry Materials for Colored Wear-Resistant Finish 

 

Provide materials that are packaged, dry, and a combination of materials 

formulated for producing colored and wear-resistant monolithic surface 

treatments; they must include portland cement, graded-quartz aggregate, 

coloring pigments, and dispersing agents. Provide coloring pigments that 

are finely ground, nonfacing mineral oxides prepared especially for the 

purpose and interground with the cement. 

 

2.4.3.4 Aggregate for Heavy-Duty Wear-Resistant Finish 
 

[ Provide aggregate that is traprock or emery, as follows: 

 

[ Traprock must be packaged, crushed, natural, fine-to-medium-grained, 

igneous rock, such as diabase, basalt, or black granite. Traprock 

aggregate must be well-graded in size from particles retained on 4.75 mm 

sieve No. 4 sieve 0.187 inch to particles passing 9.5 mm 3/8-inch sieve.] 

 

Emery must be packaged, factory-graded, crushed, natural-emery ore, cubical 

or polyhedral in form, containing not less than 35-percent  aluminum oxide 

and not less than 24-percent ferric oxide. Emery aggregate must be well 

graded in size from particles retained on 300 micrometer sieve 

No. 50 sieve 0.0118 inch to particles passing 2.36 mm sieve No. 8 sieve 

0.0929 inch.] 

 

][Provide iron aggregate, as follows: 

 

Iron must be packaged, ground and graded cubicle iron particles with 

dispersing agents, formulated to blend with portland cement for producing 

wear-resistant monolithic surface treatments. Provide aggregate that is 

free of nonferrous metals, oil, grease, soluble alkaline compounds, rust, 

and impurities and must be well-graded in size from particles retained on 

300 micrometer sieve No. 50 sieve 0.0118 inch to particles passing 2.36 mm 

sieve No. 8 sieve 0.0929 inch. 

 

2.4.3.5 Aggregate for Heavy-Duty Floor Topping 

 

Provide emery (or may be traprock or traprock-screenings) fine aggregates, 

as specified. 

 

Provide emery that is packaged, factory-graded, crushed natural emery ore 

containing not less than 35-percent aluminum oxide and not less than 

24-percent ferric oxide. Provide aggregate that is cubical or polyhedral 

in form and does not change its physical or chemical nature in the 

presence of moisture. Grade aggregate to a fineness modulus of 3.9 to 

4.0, with 100 percent passing 9.5 mm 3/8-inch sieve and not less than 95 

percent retained on 150 micrometer No. 100 sieve. Deliver emery in 

moisture-resistant bags. 

 

Provide traprock that is packaged, crushed, natural, fine- to 
medium-grained igneous rock such as diabase, basalt, or black granite. 

Uniformly grade coarse aggregate with 100 percent passing 12.5 mm 1/2-inch 

sieve, 30 to 50 percent passing 9.5 mm 3/8-inch sieve, 0 to 15 percent 

passing 4.75 mm No. 4 sieve, and 0 to 5 percent passing 2.36 mm No. 8 
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sieve. 

 

Provide fine aggregate using traprock that conforms to ASTM C33/C33M, 

except gradation. Grade fine aggregate within the following limits: 
 

SIEVE PERCENT PASSING 

9.5 mm 3/8 in. 100 

4.75 mm No. 4 95 to 100 

2.36 mm No. 8 65 to 80 

1.18 mm No. 16 45 to 65 

600 micrometer No. 30 25 to 45 

300 micrometer No. 50 5 to 15 

150 micrometer No. 100 0 to 5 

 

Deliver traprock coarse aggregate and fine aggregate in moisture-resistant 

bags. 

 

2.4.4 Expansion/Contraction Joint Filler 

 

[ASTM D1751] [or] [ASTM D1752] [Type I] [or] [Type II][  ]. Material 

must be 13 mm 1/2 inch thick[, unless otherwise indicated]. 

 

2.4.5 Joint Sealants 

 

[ Submit manufacturer's product data, indicating VOC content. 

 

2.4.5.1 Horizontal Surfaces, 3 Percent Slope, Maximum 

ASTM D6690 or ASTM C920, Type M, Class 25, Use T. 

2.4.5.2 Vertical Surfaces Greater Than 3 Percent Slope 
 

ASTM C920, Type M, Grade NS, Class 25, Use T [NT].[ FS SS-S-200, no sag]. 

 

2.4.5.3 Preformed Polychloroprene Elastomeric Type 

ASTM D2628. 

2.4.5.4 Lubricant for Preformed Compression Seals 

ASTM D2835. 

2.4.6 Vapor Retarder [and Vapor Barrier] 
 

ASTM E1745 Class C [A] [B] polyethylene sheeting, minimum 0.25 mm 10 mil [ 
0.38 mm15 mil] thickness or other equivalent material with a maximum 

permeance rating of 0.04 perms per ASTM E96/E96M. 

 

[ ASTM E1745 Class C [A] [B] polyethylene sheeting, minimum 0.38 mm 15 mil 

thickness or ASTM E1993/E1993M bituminous membrane or other equivalent 

material with a maximum permeance rating of 0.01 perms per ASTM E96/E96M. 

 

] Consider plastic vapor retarders and adhesives with a high recycled 
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content, low toxicity low VOC (Volatile Organic Compounds) levels. 

 

2.4.7 Dovetail Anchor Slot 

 

Preformed metal slot approximately 25 mm by 25 mm 1 inch by 1 inch of not 

less than 22 gage galvanized steel cast in concrete. Coordinate actual 

size and throat opening with dovetail anchors and provide with removable 

filler material. 

 

2.5 CONCRETE MIX DESIGN 

 

2.5.1 Properties and Requirements 

 

a. Use materials and material combinations listed in this section and the 

contract documents. 

 

b. Cementitious material content must be adequate for concrete to satisfy 

the specified requirements for strength, w/cm, durability, and 

finishability described in this section and the contract documents. 

 [The minimum cementitious material content for concrete used in 

floors must meet the following requirements: 

 

Nominal maximum size of 

aggregate, mm in. 

Minimum cementitious 

content, kg per cubi 

pounds per cubic 

material 

c meter 

yard 

37.5 1-1/2 280 470 

25 1 310 520 

19 3/4 320 540 

9.5 3/8 360 610 

 

 

 

c. Selected target slump must meet the requirements this section, the 

contract documents, and must not exceed 230 mm 9 in. Concrete must 

not show visible signs of segregation. 

 

d. The target slump must be enforced for the duration of the project. 

Determine the slump by ASTM C143/C143M. Slump tolerances must meet 

the requirements of ACI 117. 

 

e. The nominal maximum size of coarse aggregate for a mixture must not 

exceed three-fourths of the minimum clear spacing between 

reinforcement, one-fifth of the narrowest dimension between sides of 

forms, or one-third of the thickness of slabs or toppings. 

 

f. Concrete must be air entrained for members assigned to Exposure Class 

F1, F2, or F3. The total air content must be in accordance with the 

requirements of the paragraph titled DURABILITY. 

 

g. Measure air content at the point of delivery in accordance with 

ASTM C173/C173M or ASTM C231/C231M. 

 

h. Concrete for slabs to receive a hard-troweled finish must not contain 

an air-entraining admixture or have a total air content greater than 3 

percent. 
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i. Concrete properties and requirements for each portion of the structure 

are specified in the construction drawings. Refer to the paragraph 

titled DURABILITY for more details on exposure categories and their 

requirements. 

 

2.5.2 Durability 

 

2.5.2.1 Alkali-Aggregate Reaction 

 

Do not use any aggregate susceptible to alkali-carbonate reaction (ACR). 

Use one of the three options below for qualifying concrete mixtures to 

reduce the potential of alkali-silica reaction (ASR): 

 

a. For each aggregate used in concrete, the expansion result determined  

in accordance with ASTM C1293 must not exceed 0.04 percent at one year. 

 

b. For each aggregate used in concrete, the expansion result of the 

aggregate and cementitious materials combination determined in 

accordance with ASTM C1567 must not exceed 0.10 percent at an age of 

16 days. 

c. Alkali content in concrete (LBA) must not exceed [2.4 kg per cubic 

meter] [4 pounds per cubic yard] [  ] for moderately reactive 

aggregate or [1.8 kg per cubic meter] [3 pounds per cubic yard] 

[  ] for highly reactive aggregate. Reactivity must be determined 

by testing in accordance with ASTM C1293 and categorized in accordance 

with ASTM C1778. Alkali content is calculated as follows: 

LBA = (cement content, kg per cubic meter pounds per cubic yard) × 

(equivalent alkali content of portland cement in percent/100 percent) 

 

2.5.2.2 Freezing and Thawing Resistance 

 

a. Provide concrete meeting the following requirements based on exposure 

class assigned to members for freezing-and-thawing exposure in 

Contract Documents: 
 

Exposure class Maximum 

w/cm* 

Minimum f'c, MPa psi Air 

content 

Additional 

Requirements 

F0 N/A 17 2500 N/A 

F1 0.55 24 3500 Depends 

on  

aggregate 

size 

N/A 

F2 0.45 31 4500 Depends 

on  

aggregate 

size 

See limits on 

maximum 

cementitious 

material by mass 

F3 0.40 35 5000 Depends 

on  

aggregate 

size 

See limits on 

maximum 

cementitious 

material by mass 
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F3 plain 

concrete 

0.45 31 4500 Depends 

on  

aggregate 

size 

See limits on 

maximum 

cementitious 

material by mass 

 

*The maximum w/cm limits do not apply to lightweight concrete. 

b. Concrete must be air entrained for members assigned to Exposure Class 

F1, F2, or F3. The total air content must meet the requirements of 

the following table: 

Nominal maximum 

aggregate size, mm in. 

Total air content, percent*^ 

Exposure Class F2 

and F3 

Exposure Class F1 

9.5 3/8 7.5 6.0 

12.5 1/2 7.0 5.5 

19.03/4 6.0 5.0 

25.0 1 6.0 4.5 

37.5 1-1/2 5.5 4.5 

50 2 5.0 4.0 

75 3 5.5 3.5 

 

*Tolerance on air content as delivered must be plus/minus 1.5 percent. 
^For f'c greater than 5000 psi, reducing air content by 1.0 percentage 

point is acceptable. 

 

c. Submit documentation verifying compliance with specified requirements. 

 

d. For sections of the structure that are assigned Exposure Class F3, 

submit certification on cement composition verifying that concrete 

mixture meets the requirements of the following table: 

 

Cementitious material Maximum percent of total 

cementitious material by mass* 

Fly ash or other pozzolans conforming to 

ASTM C618 

25 

Slag cement conforming to ASTM C989/C989M 50 

Silica fume conforming to ASTM C1240 10 

Total of fly ash or other pozzolans, slag 

cement, and silica fume 

50^ 
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Total of fly ash or other pozzolans and 

silica fume 

35^ 

 

*Total cementitious material also includes ASTM C150/C150M, 

ASTM C595/C595M, ASTM C845/C845M, and ASTM C1157/C1157M cement. The 

maximum percentages above must include: 

i. Fly ash or other pozzolans present in ASTM C1157/C1157M or fly 

ash or other pozzolans and silica fume must constitute no more 

than 25 percent and 10 percent, respectively, of the total mass 

of the cementitious materials. 
 

2.5.2.3 Corrosion and Chloride Content 

 

a. Provide concrete meeting the requirements of the following table based 

on the exposure class assigned to members requiring protection against 

reinforcement corrosion in Contract Documents. 

 

b. Submit documentation verifying compliance with specified requirements. 

 

c. Water-soluble chloride ion content contributed from constituents 

including water, aggregates, cementitious materials, and admixtures 

must be determined for the concrete mixture by ASTM C1218/C1218M at 

age between 28 and 42 days. 

 

d. The maximum water-soluble chloride ion (Cl-) content in concrete, 

percent by mass of cement is as follows: 

 

Exposure 

class 

Maximum 

w/cm* 

Minimum 

f'c, MPa 

psi 

Maximum water-soluble 

chloride ion (CL-) 

content in concrete, 

percent by mass of 

cement 

Reinforced concrete 

C0 N/A 17 2500 1.00 

C1 N/A 17 2500 0.30 

C2 0.4 35 5000 0.15 

Prestressed concrete 

C0 N/A 17 2500 0.06 

C1 N/A 17 2500 0.06 

C2 0.4 35 5000 0.06 

 

*The maximum w/cm limits do not apply to lightweight concrete. 

 

2.5.2.4 Sulfate Resistance 

 

a. Provide concrete meeting the requirements of the following table based 

on the exposure class assigned to members for sulfate exposure. 

 

Exposure 

class 

Maximum 

w/cm 

Minimum 

f'c,  

MPa psi 

Required cementitious materials-types Calcium 

chloride 

admixture 

ASTM 

C150/C150M 

ASTM 

C595/C595M 

ASTM 

C1157/C1157M 
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S0 N/A 17 2500 N/A N/A N/A No 

restrictions 

S1 0.50 28 4000 II*^ IP(MS); 

IS(<70)(MS); 

IT(MS) 

MS No 

restrictions 

Exposure 

class 

Maximum 

w/cm 

Minimum 

f'c,  

MPa psi 

Required cementitious materials-types Calcium 

chloride 

admixture 

ASTM 

C150/C150M 

ASTM 

C595/C595M 

ASTM 

C1157/C1157M 

S2 0.45 31 4500 IV^ IP(HS); 

IS(<70)(HS); 

IT(HS) 

HS Not 

permitted 

S3 0.45 31 4500 V + pozzolan 

or slag 

cement** 

IP(HS)+ 
pozzolan or 

slag 

cement^; IS 

(<70)(HS) + 

pozzolan or 

slag 

cement^; IT 

(HS) + 

pozzolan or 

slag cement** 

HS + 
pozzolan or 

slag cement** 

Not 

permitted 

 

* For seawater exposure, other types of portland cements with 

tricalcium aluminate (C3A) contents up to 10 percent are acceptable if 

the w/cm does not exceed 0.40. 

** The amount of the specific source of the pozzolan or slag cement to 

be used shall be at least the amount determined by test or service 

record to improve sulfate resistance when used in concrete containing 

Type V cement. Alternatively, the amount of the specific source of 

the pozzolan or slag used shall not be less than the amount tested in 

accordance with ASTM C1012/C1012M and meeting the requirements maximum 

expansion requirements listed herein. 

^ Other available types of cement, such as Type III or Type I, are 

acceptable in exposure classes S1 or S2 if the C3A contents are less 

than 8 or 5 percent, respectively. 

 

b. The maximum w/cm limits for sulfate exposure do not apply to 

lightweight concrete. 

 

c. Alternative combinations of cementitious materials of those listed in 

this paragraph are acceptable if they meet the maximum expansion 

requirements listed in the following table: 
 

Exposure class Maximum expansion when tested using ASTM C1012/C1012M 

At 6 months At 6 months At 18 months 

S1 0.10 percent N/A N/A 

S2 0.05 percent 0.10 percent^ N/A 
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Exposure class Maximum expansion when tested using ASTM C1012/C1012M 

At 6 months At 6 months At 18 months 

S3 N/A N/A 0.10 percent 

 

^The 12-month expansion limit applies only when the measured expansion 

exceeds the 6-month maximum expansion limit. 

 

2.5.2.5 Concrete Temperature 

 

The temperature of concrete as delivered must not exceed 

[35°C95°F]. 

 

2.5.2.6 Concrete permeability 

 

a. Provide concrete meeting the requirements of the following table based 

on exposure class assigned to members requiring low permeability in 

the Contract Documents. 
 

Exposure 

class 

Maximum 

w/cm* 

Minimum f'c, 

MPa psi 

Additional 

minimum 

requirements 

W0 N/A 17 2500 None 

W1 0.5 28 4000 None 

 

*The maximum w/cm limits do not apply to lightweight concrete. 

 

b. Submit documentation verifying compliance with specified requirements. 

 

2.5.3 Contractor's Option for Material Only 

 

At the option of the Contractor, those applicable material sections of 

[  ] DOT RBS for Class [A] [  ] strength concrete must govern in 

lieu of this specification for concrete. Do not change the selected 

option during the course of the work. 

 

2.5.4 Trial Mixtures 

 

Trial mixtures must be in accordance to ACI 301. 

 

2.5.5 Ready-Mix Concrete 

 

Provide concrete that meets the requirements of ASTM C94/C94M. 

 

Ready-mixed concrete manufacturer must provide duplicate delivery tickets 

with each load of concrete delivered. Provide delivery tickets with the 

following information in addition to that required by ASTM C94/C94M: 

 

a. Type and brand cement 

 

b. Cement and supplementary cementitious materials content in 43-kilogram 

94-pound bags per cubic meter yard of concrete 
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c. Maximum size of aggregate 

 

d. Amount and brand name of admixtures 

 

e. Total water content expressed by water cementitious material ratio 

 

2.6 REINFORCEMENT 

 

a. Bend reinforcement cold. Fabricate reinforcement in accordance with 

fabricating tolerances of ACI 117. 

 

b. When handling and storing coated reinforcement, use equipment and 

methods that do not damage the coating. If stored outdoors for more 

than 2 months, cover coated reinforcement with opaque protective 

material. 

 

c. Submit manufacturer's certified test report for reinforcement. 

 

d. Submit placing drawings showing fabrication dimensions and placement 

locations of reinforcement and reinforcement supports. Placing 

drawings must indicate locations of splices, lengths of lap splices, 

and details of mechanical and welded splices. 

 

e. Submit request with locations and details of splices not indicated in 

Contract Documents. 

f. Submit request to place column dowels without using templates. 

 

[ g. Submit request and procedure to field-bend or straighten reinforcing 

bars partially embedded in concrete at locations not indicated in 

Contract Documents. Field bending or straightening of reinforcing 

bars is permitted [where indicated in the Contract Documents][in the 

following locations: [  ]] 

 

] h. Submit request for field cutting, including location and type of bar 

to be cut and reason field cutting is required. 

 

2.6.1 Reinforcing Bars 

 

a. Reinforcing bars must be deformed, except spirals, load-transfer 

dowels, and welded wire reinforcement, which may be plain. 

 

b. ASTM A615/A615M with the bars marked A, Grade  [60] or ASTM A996/A996M 
Cold drawn wire used for spiral reinforcement must conform to 
ASTM A1064/A1064M.][ Provide reinforcing bars that contain a 
minimum of [100][  ] percent recycled content.][ See Section 01 
33 29 SUSTAINABILITY REPORTING for cumulative total recycled 
content requirements.] 

 

c. [Reinforcing bars may contain post-consumer or post-industrial 

recycled content.] [Submit documentation indicating percentage of 

post-industrial and post-consumer recycled content per unit of 

product. Indicate relative dollar value of recycled content products 

to total dollar value of products included in project.] 

 

d. Submit mill certificates for reinforcing bars. 

 

2.6.2 Mechanical Reinforcing Bar Connectors 

 

a. Provide 125 percent minimum yield strength of the reinforcement bar. 
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b. Mechanical splices for galvanized reinforcing bars must be galvanized 

or coated with dielectric material. 

 

c. Mechanical splices used with epoxy-coated or dual-coated reinforcing 

bars must be coated with dielectric material. 

 

d. Submit data on mechanical splices demonstrating compliance with this 

paragraph. 

 

2.6.3 Wire 

 

a.  [Provide wire reinforcement that contains a minimum of [100] [  ] 

percent recycled content.][See Section 01 33 29 SUSTAINABILITY 

REPORTING for cumulative total recycled content requirements. Wire 

reinforcement may contain post-consumer or post-industrial recycled 

content. ]Provide flat sheets of welded wire reinforcement for slabs 

and toppings. 

b. Plain or deformed steel wire must conform to ASTM A1064/A1064M. 
 
 

2.6.4 Welded wire reinforcement 

 

a. Use welded wire reinforcement specified in Contract Documents and 

conforming to one or more of the specifications given herein. 

 

b. Plain welded wire reinforcement must conform to ASTM A1064/A1064M, 

with welded intersections spaced no greater than 300 mm 12 in. apart 

in direction of principal reinforcement. 

 

c. Deformed welded wire reinforcement must conform to ASTM A1064/A1064M, 

with welded intersections spaced no greater than 400 mm 16 in. apart 

in direction of principal reinforcement. 
 

 

2.6.5 Reinforcing Bar Supports 

 

a. Provide reinforcement support types within structure as required by 

Contract Documents. Reinforcement supports must conform to CRSI RB4.1. 

Submit description of reinforcement supports and materials for 

fastening coated reinforcement if not in conformance with CRSI RB4.1. 

 

b. Legs of supports in contact with formwork must be hot-dip galvanized, 

or plastic coated after fabrication, or stainless-steel bar supports. 

 

c. [Minimum [5][10][  ] percent post-consumer recycled content, or 

minimum [20][40][  ] percent post-industrial recycled content. ] 

[See Section 01 33 29 SUSTAINABILITY REPORTING for cumulative total 

recycled content requirements. Plastic and steel may contain 

post-consumer or post-industrial recycled content.] 
 

2.6.6 Reinforcing Fibers 

 

 

2.6.6.1 Synthetic Fibers 

 

In addition to the requirements specified above, provide fiber reinforced 

concrete in accordance with ASTM C1116/C1116M Type III, synthetic fiber 

reinforced concrete, and as follows. Synthetic reinforcing fibers must be 

[100 percent virgin] monofilament polypropylene fibers[, with a minimum of 

[5] [10] [  ] percent post-consumer recycled content, or a minimum of 
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[20] [40] [   ] percent post-industrial recycled content].[ See Section 

01 33 29 SUSTAINABILITY REPORTING for cumulative total recycled content 

requirements. Fibers may contain post-consumer or post-industrial 

recycled content.] 

 

Provide fibers that have a specific gravity of 0.9, a minimum tensile 

strength of 480 MPa 70 ksi, graded per manufacturer, and specifically 

manufactured to an optimum gradation for use as concrete secondary 

reinforcement. Add fibers at the batch plant.[ Toughness indices must 

meet requirements for performance level I.][ Provide the services of a 

qualified technical representative to instruct the concrete supplier in 

proper batching and mixing of materials to be provided.] 
 
 
 

2.6.7 Welding 

 

a. Provide weldable reinforcing bars that conform to ASTM A706/A706M and 

ASTM A615/A615M and Supplement S1, Grade 420 60, except that the 

maximum carbon content must be 0.55 percent. 

 

b. Comply with AWS D1.4/D1.4M unless otherwise specified. Do not tack 

weld reinforcing bars. 

 

c. Welded assemblies of steel reinforcement produced under factory 

conditions, such as welded wire reinforcement, bar mats, and deformed 

bar anchors, are allowed. 
 

PART 3 EXECUTION 

 

3.1 EXAMINATION 

 

a. Do not begin installation until substrates have been properly 

constructed; verify that substrates are level. 

 

b. If substrate preparation is the responsibility of another installer, 

notify Contracting Officer of unsatisfactory preparation before 

processing. 

 

c. Check field dimensions before beginning installation. If dimensions 

vary too much from design dimensions for proper installation, notify 

Contracting Officer and wait for instructions before beginning 

installation. 

 

3.2 PREPARATION 

 

Determine quantity of concrete needed and minimize the production of 

excess concrete. Designate locations or uses for potential excess concrete 

before the concrete is poured. 

 

3.2.1 General 

 

a. Surfaces against which concrete is to be placed must be free of 

debris, loose material, standing water, snow, ice, and other 

deleterious substances before start of concrete placing. 

 

b. Remove standing water without washing over freshly deposited concrete. 

Divert flow of water through side drains provided for such purpose. 

 

3.2.2 Subgrade Under Foundations and Footings 

 

a. When subgrade material is semi-porous and dry, sprinkle subgrade 
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surface with water as required to eliminate suction at the time 

concrete is deposited, or seal subgrade surface by covering surface 

with specified vapor retarder. 

 

b. When subgrade material is porous, seal subgrade surface by covering 

surface with specified vapor retarder. 

 

3.2.3 Subgrade Under Slabs on Ground 

 

a. Before construction of slabs on ground, have underground work on pipes 

and conduits completed and approved. 

b. Previously constructed subgrade or fill must be cleaned of foreign 

materials 

 

c. Finish surface of capillary water barrier under interior slabs on 

ground must not show deviation in excess of 6.4 mm 1/4 inch when 

tested with a 3000 mm 10-foot straightedge parallel with and at right 

angles to building lines. 

 

d. Finished surface of subgrade or fill under exterior slabs on ground 

must not be more than 6.10 mm 0.02-foot above or 30.50 mm 0.10-foot 

below elevation indicated. 

 

3.2.4 Edge Forms and Screed Strips for Slabs 

 

a. Set edge forms or bulkheads and intermediate screed strips for slabs 

to obtain indicated elevations and contours in finished slab surface 

and must be strong enough to support vibrating bridge screeds or 

roller pipe screeds if nature of specified slab finish requires use of 

such equipment. 

 

b. Align concrete surface to elevation of screed strips by use of 

strike-off templates or approved compacting-type screeds. 

 

3.2.5 Reinforcement and Other Embedded Items 

 

a. Secure reinforcement, joint materials, and other embedded materials in 

position, inspected, and approved before start of concrete placing. 

 

b. When concrete is placed, reinforcement must be free of materials 

deleterious to bond. Reinforcement with rust, mill scale, or a 

combination of both will be considered satisfactory, provided minimum 

nominal dimensions, nominal weight, and minimum average height of 

deformations of a hand-wire-brushed test specimen are not less than 

applicable ASTM specification requirements. 

 

3.3 FORMS 

 

 

a. Provide forms, shoring, and scaffolding for concrete placement. Set 

forms mortar-tight and true to line and grade. 

 

b. Chamfer above grade exposed joints, edges, and external corners of 

concrete [20 mm] [0.75 inch]. Place chamfer strips in corners of 

formwork to produce beveled edges on permanently exposed surfaces.[ 

Do not bevel reentrant corners or edges of formed joints of concrete.] 
 

c. Provide formwork with clean-out openings to permit inspection and 

removal of debris. 
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d. Inspect formwork and remove foreign material before concrete is placed. 

 

e. At construction joints, lap form-facing materials over the concrete of 

previous placement. Ensure formwork is placed against hardened 

concrete so offsets at construction joints conform to specified 

tolerances. 

 

f. Provide positive means of adjustment (such as wedges or jacks) of 

shores and struts. Do not make adjustments in formwork after concrete 

has reached initial setting. Brace formwork to resist lateral 

deflection and lateral instability. 

 

g. Fasten form wedges in place after final adjustment of forms and before 

concrete placement. 

 

h. Provide anchoring and bracing to control upward and lateral movement 

of formwork system. 

 

i. Construct formwork for openings to facilitate removal and to produce 

opening dimensions as specified and within tolerances. 

 

j. Provide runways for moving equipment. Support runways directly on 

formwork or structural members. Do not support runways on 

reinforcement. Loading applied by runways must not exceed capacity of 

formwork or structural members. 

 

k. Position and support expansion joint materials, waterstops, and other 

embedded items to prevent displacement. Fill voids in sleeves, 

inserts, and anchor slots temporarily with removable material to 

prevent concrete entry into voids. 

 

l. Clean surfaces of formwork and embedded materials of mortar, grout, 

and foreign materials before concrete placement. 

 

3.3.1 Coating 

 

a. Cover formwork surfaces with an acceptable material that inhibits bond 

with concrete. 

 

b. If formwork release agent is used, apply to formwork surfaces in 

accordance with manufacturer's recommendations before placing 

reinforcement. Remove excess release agent on formwork prior to 

concrete placement. 

 

c. Do not allow formwork release agent to contact reinforcement or 

hardened concrete against which fresh concrete is to be placed. 

 

3.3.2 Reuse 

 

a. Reuse forms providing the structural integrity of concrete and the 

aesthetics of exposed concrete are not compromised. 

 

b. Wood forms must not be clogged with paste and must be capable of 

absorbing high water-cementitious material ratio paste. 

 

c. Remove leaked mortar from formwork joints before reuse. 

 

3.3.3 Forms for Standard Rough Form Finish 

 

Provide formwork in accordance with ACI 301 Section 5 with a surface 



SECTION 03 30 00 Page 39 

 

 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

finish, SF-1.0, for formed surfaces that are to be concealed by other 

construction. 

 

3.3.4 Forms for Standard Smooth Form Finish 

 

Provide formwork in accordance with ACI 301 Section 5 with a surface 

finish, SF-3.0, for formed surfaces that are exposed to view.[ Do not 

provide mockup of concrete surface appearance and texture.] 

 

3.3.5 Form Ties 

 

a. For post-tensioned structures, do not remove formwork supports until 

stressing records have been accepted by the Contracting Officer. 

 

b. After ends or end fasteners of form ties have been removed, repair tie 

holes in accordance with ACI 301 Section 5 requirements. 
 
 

3.3.6 Tolerances for Form Construction 

 

a. Construct formwork so concrete surfaces conform to tolerances in 

ACI 117. 

 

b. Position and secure sleeves, inserts, anchors, and other embedded 

items such that embedded items are positioned within ACI 117 

tolerances. 

 

c. To maintain specified elevation and thickness within tolerances, 

install formwork to compensate for deflection and anticipated 

settlement in formwork during concrete placement. Set formwork and 

intermediate screed strips for slabs to produce designated elevation, 

camber, and contour of finished surface before formwork removal. If 

specified finish requires use of vibrating screeds or roller pipe 

screeds, ensure that edge forms and screed strips are strong enough to 

support such equipment. 

 

3.3.7 Removal of Forms and Supports 

 

a. If vertical formed surfaces require finishing, remove forms as soon as 

removal operations will not damage concrete. 

 

b. Remove top forms on sloping surfaces of concrete as soon as removal 

will not allow concrete to sag. Perform repairs and finishing 

operations required. If forms are removed before end of specified 

curing period, provide curing and protection. 

 

c. Do not damage concrete during removal of vertical formwork for 

columns, walls, and sides of beams. Perform needed repair and 

finishing operations required on vertical surfaces. If forms are 

removed before end of specified curing period, provide curing and 

protection. 

 

d. Leave formwork and shoring in place to support construction loads and 

weight of concrete in beams, slabs, and other structural members until 

in-place required strength of concrete is reached. 

 

e. Form-facing material and horizontal facing support members may be 

removed before in-place concrete reaches specified compressive 

strength if shores and other supports are designed to allow facing 

removal without deflection of supported slab or member. 
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3.3.8 Strength of Concrete Required for Removal of Formwork 

 

If removal of formwork, reshoring, or backshoring is based on concrete 

reaching a specified in-place strength, mold and field-cure cylinders in 

accordance with ASTM C31/C31M. Test cylinders in accordance with 

ASTM C39/C39M. Alternatively, use one or more of the methods listed 

herein to evaluate in-place concrete strength for formwork removal. 

 

a. Tests of cast-in-place cylinders in accordance with ASTM C873/C873M. 

This option is limited to slabs with concrete depths from 12.5 to 30 cm 

5 to 12 in. 
 

b. Penetration resistance in accordance with ASTM C803/C803M. 

 

c. Pullout strength in accordance with ASTM C900. 

 

d. Maturity method in accordance with ASTM C1074. Submit maturity method 

data using project materials and concrete mix proportions used on the 

project to demonstrate the correlation between maturity and 

compressive strength of laboratory cured test specimens to the 

Contracting Officer. 

 

3.4 PLACING REINFORCEMENT AND MISCELLANEOUS MATERIALS 

 

a. Unless otherwise specified, placing reinforcement and miscellaneous 

materials must be in accordance to ACI 301. Provide bars, welded wire 

reinforcement, wire ties, supports, and other devices necessary to 

install and secure reinforcement. 

 

b. Reinforcement must not have rust, scale, oil, grease, clay, or foreign 

substances that would reduce the bond. Rusting of reinforcement is a 

basis of rejection if the effective cross-sectional area or the 

nominal weight per unit length has been reduced. Remove loose rust 

prior to placing steel. Tack welding is prohibited. 

 

c. Nonprestressed cast-in-place concrete members must have concrete cover 

for reinforcement given in the following table: 

Concrete 

Exposure 

Member Reinforcement Specified cover, 

mm in. 

Cast against 

and permanently 

in contact with 

ground 

All All 75 3 

Exposed to 

weather or in 

contact with 

ground 

All No. 19 6 through No. 57 

18 bars 

50 2 

No. 16 5 bar, MW200 W31 
or MD200 D31 wire, and 

smaller 

40 1-1/2 

Not exposed to 

weather or in 

contact with 

ground 

Slabs, joists, 

and walls 
No. 43 14 and No. 57 18 

bars 

40 1-1/2 
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No. 36 11 bar and 

smaller 

20 3/4 

Beams, 

columns, 

pedestals, and 

tension ties 

Primary reinforcement, 

stirrups, ties, 

spirals, and hoops 

40 1-1/2 

 
 

3.4.1 General 

 

Provide details of reinforcement that are in accordance with the Contract 

Documents. 

 

3.4.2 Vapor Retarder [and Vapor Barrier] 

 

a. Install in accordance with ASTM E1643. Provide beneath the on-grade 

concrete floor slab. Use the greatest widths and lengths practicable 

to eliminate joints wherever possible. Lap joints a minimum of 300 mm 

12 inches and tape. 
 

b. Remove torn, punctured, or damaged vapor retarder [and vapor barrier] 

material and provide with new vapor retarder [and vapor barrier] prior 

to placing concrete. Concrete placement must not damage vapor 

retarder [and vapor barrier material].[ Place a 50 mm 2 inch layer of 

clean concrete sand on vapor retarder [and vapor barrier] before 

placing concrete.] 

 

3.4.3 Perimeter Insulation 

 

Install perimeter insulation at locations indicated. Adhesive must be 

used where insulation is applied to the interior surface of foundation 

walls and may be used for exterior application. 

 

3.4.4 Reinforcement Supports 

 

Provide reinforcement support in accordance with CRSI RB4.1 and ACI 301 

Section 3 requirements. Supports for coated or galvanized bars must also 

be coated with electrically compatible material for a distance of at least 

50 mm 2 inches beyond the point of contact with the bars. 
 
 

3.4.5 Splicing 

 

As indicated in the Contract Documents. For splices not indicated follow 

ACI 301. Do not splice at points of maximum stress. Overlap welded wire 

reinforcement the spacing of the cross wires, plus 50 mm 2 inches.[ 

AWS D1.4/D1.4M. Approve welded splices prior to use.][ Repair the cut 

ends of hot-dipped galvanized reinforcement steel to completely coat 

exposed steel, ASTM A780/A780M.] 

 

3.4.6 Future Bonding 

 

Plug exposed, threaded, mechanical reinforcement bar connectors with a 

greased bolt. Provide bolt threads that match the connector. Countersink 

the connector in the concrete. Caulk the depression after the bolt is 

installed. 
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3.4.7 Setting Miscellaneous Material 

 

Place and secure anchors and bolts, pipe sleeves, conduits, and other such 

items in position before concrete placement and support against 

displacement. Plumb anchor bolts and check location and elevation. 

Temporarily fill voids in sleeves with readily removable material to 

prevent the entry of concrete. 

 

3.4.8 Fabrication 

 

Shop fabricate reinforcing bars to conform to shapes and dimensions 

indicated for reinforcement, and as follows: 

 

a. Provide fabrication tolerances that are in accordance with ACI 117. 

 

b. Provide hooks and bends that are in accordance with the Contract 

Documents. 

Reinforcement must be bent cold to shapes as indicated. Bending must be 

done in the shop. Rebending of a reinforcing bar that has been bent 

incorrectly is not be permitted. Bending must be in accordance with 

standard approved practice and by approved machine methods. 

 

Deliver reinforcing bars bundled, tagged, and marked. Tags must be metal 

with bar size, length, mark, and other information pressed in by machine. 

Marks must correspond with those used on the placing drawings. 

 

Do not use reinforcement that has any of the following defects: 

 

a. Bar lengths, depths, and bends beyond specified fabrication tolerances 

 

b. Bends or kinks not indicated on drawings or approved shop drawings 

 

c. Bars with reduced cross-section due to rusting or other cause 

 

Replace defective reinforcement with new reinforcement having required 

shape, form, and cross-section area. 

 

3.4.9 Placing Reinforcement 

 

Place reinforcement in accordance with ACI 301. 
 
 

Provide reinforcement that is supported and secured together to prevent 

displacement by construction loads or by placing of wet concrete, and as 

follows: 

 

a. Provide supports for reinforcing bars that are sufficient in number 

and have sufficient strength to carry the reinforcement they support, 

and in accordance with ACI 301 and CRSI 10MSP. Do not use supports to 

support runways for concrete conveying equipment and similar 

construction loads. 

 

b. Equip supports on ground and similar surfaces with sand-plates. 

 

c. Support welded wire reinforcement as required for reinforcing bars. 

 

d. Secure reinforcements to supports by means of tie wire. Wire must be 

black, soft iron wire, not less than 1.6 mm 16 gage. 
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e. Reinforcement must be accurately placed, securely tied at 

intersections, and held in position during placing of concrete by 

spacers, chairs, or other approved supports. Point wire-tie ends away 

from the form. Unless otherwise indicated, numbers, type, and spacing 

of supports must conform to the Contract Documents. 

 

f. Bending of reinforcing bars partially embedded in concrete is 

permitted only as specified in the Contract Documents. 

 

3.4.10 Spacing of Reinforcing Bars 

 

a. Spacing must be as indicated in the Contract Documents. 

 

b. Reinforcing bars may be relocated to avoid interference with other 

reinforcement, or with conduit, pipe, or other embedded items. If any 

reinforcing bar is moved a distance exceeding one bar diameter or 

specified placing tolerance, resulting rearrangement of reinforcement 

is subject to preapproval by the Contracting Officer. 

 

3.4.11 Concrete Protection for Reinforcement 

 

Additional concrete protection must be in accordance with the Contract 

Documents. 

 

3.4.12 Welding 

 

Welding must be in accordance with AWS D1.4/D1.4M. 

 

3.5 BATCHING, MEASURING, MIXING, AND TRANSPORTING CONCRETE 

 

In accordance with ASTM C94/C94M, ACI 301, ACI 302.1R and ACI 304R, except 

as modified herein. Batching equipment must be such that the concrete 

ingredients are consistently measured within the following tolerances: 1 

percent for cement and water, 2 percent for aggregate, and 3 percent for 

admixtures. Furnish mandatory batch ticket information for each load of 

ready mix concrete. 

 

3.5.1 Measuring 

 

Make measurements at intervals as specified in paragraphs SAMPLING and 

TESTING. 

3.5.2 Mixing 

 

a. Mix concrete in accordance with ASTM C94/C94M, ACI 301 and ACI 304R. 

 

b. Machine mix concrete. Begin mixing within 30 minutes after the cement 

has been added to the aggregates. Place concrete within 90 minutes of 

either addition of mixing water to cement and aggregates or addition 

of cement to aggregates if the air temperature is less than 29 degrees 

C 84 degrees F. 

 

c. Reduce mixing time and place concrete within 60 minutes if the air 

temperature is greater than 29 degrees C 84 degrees F except as 

follows: if set retarding admixture is used and slump requirements can 

be met, limit for placing concrete may remain at 90 minutes. 

Additional water may be added, provided that both the specified 

maximum slump and submitted water-cementitious material ratio are not 

exceeded and the required concrete strength is still met. When 

additional water is added, an additional 30 revolutions of the mixer 

at mixing speed is required. 
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d. [If the entrained air content falls below the specified limit, add a 

sufficient quantity of admixture to bring the entrained air content 

within the specified limits. ]Dissolve admixtures in the mixing water 

and mix in the drum to uniformly distribute the admixture throughout 

the batch. Do not reconstitute concrete that has begun to solidify. 

 

e. When fibers are used, add fibers together with the aggregates and 

never as the first component in the mixer. Fibers must be dispensed 

into the mixing system using appropriate dispensing equipment and 

procedure as recommended by the manufacturer. 

 

3.5.3 Transporting 

 

Transport concrete from the mixer to the forms as rapidly as practicable. 

Prevent segregation or loss of ingredients. Clean transporting equipment 

thoroughly before each batch. Do not use aluminum pipe or chutes. Remove 

concrete which has segregated in transporting and dispose of as directed. 

 

3.6 PLACING CONCRETE 

 

Place concrete in accordance with ACI 301 Section 5. 

 

3.6.1 Pumping 

 

ACI 304R and ACI 304.2R. Pumping must not result in separation or loss of 

materials nor cause interruptions sufficient to permit loss of plasticity 

between successive increments.  Loss of slump in pumping equipment must 

not exceed 50 mm 2 inches at discharge/placement.  Do not convey concrete 

through pipe made of aluminum or aluminum alloy. Avoid rapid changes in 

pipe sizes. Limit maximum size of course aggregate to 33 percent of the 

diameter of the pipe. Limit maximum size of well-rounded aggregate to 40 

percent of the pipe diameter. Take samples for testing at both the point 

of delivery to the pump and at the discharge end. 
 

3.6.2 Cold Weather 

 

Cold weather concrete must meet the requirements of [ACI 301][ACI 306.1] 

unless otherwise specified. Do not allow concrete temperature to decrease 

below 10 degrees C 50 degrees F. Obtain approval prior to placing  

concrete when the ambient temperature is below 4 degrees C 40 degrees F or 

when concrete is likely to be subjected to freezing temperatures within 24 

hours. Cover concrete and provide sufficient heat to maintain 10 degrees C 

50 degrees F minimum adjacent to both the formwork and the structure 

while curing. Limit the rate of cooling to 3 degrees C 37 degrees F in 

any 1 hour and 10 degrees C 50 degrees F per 24 hours after heat 

application. 

 

3.6.2 Hot Weather 

 

 [Hot weather concrete must meet the requirements of [ACI 301][ACI 305.1] 

unless otherwise specified. ]Maintain required concrete temperature using 

Figure 4.2 in ACI 305R to prevent the evaporation rate from exceeding 1 kg 

per square meter 0.2 pound of water per square foot of exposed concrete per 

hour. Cool ingredients before mixing or use other suitable means to control 

concrete temperature and prevent rapid drying of newly placed concrete. 

Shade the fresh concrete as soon as possible after placing. 

Start curing when the surface of the fresh concrete is sufficiently hard 

to permit curing without damage. Provide water hoses, pipes, spraying 

equipment, and water hauling equipment, where job site is remote to water 

source, to maintain a moist concrete surface throughout the curing 
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period. Provide burlap cover or other suitable, permeable material with 

fog spray or continuous wetting of the concrete when weather conditions 

prevent the use of either liquid membrane curing compound or impervious 

sheets. For vertical surfaces, protect forms from direct sunlight and add 

water to top of structure once concrete is set. 

 

3.6.3 Bonding 

 

Surfaces of set concrete at joints, must be roughened and cleaned of 

laitance, coatings, loose particles, and foreign matter. Roughen surfaces 

in a manner that exposes the aggregate uniformly and does not leave 

laitance, loosened particles of aggregate, nor damaged concrete at the 

surface. 

 

Obtain bonding of fresh concrete that has set as follows: 

 

3.6.3.1 At joints between footings and walls or columns, between walls 

or columns and the beams or slabs they support, and elsewhere 

unless otherwise specified; roughened and cleaned surface of 

set concrete must be dampened, but not saturated, immediately 

prior to placing of fresh concrete. 

 

3.6.3.2 At joints in exposed-to-view work; at vertical joints in walls; 

at joints near midpoint of span in girders, beams, supported 

slabs, other structural members; in work designed to contain 

liquids; the roughened and cleaned surface of set concrete must 

be dampened but not saturated and covered with a cement grout 

coating. 

 

3.6.3.3 Provide cement grout that consists of equal parts of portland 

cement and fine aggregate by weight with not more than 22.5 

liters 6 gallons of water per sack of cement. Apply cement grout 

with a stiff broom or brush to a minimum thickness of 1.6 mm 1/16 

inch. Deposit fresh concrete before cement 

grout has attained its initial set. 

 

3.7 WASTE MANAGEMENT 

 

Provide as specified in the Waste Management Plan and as follows. 

 

3.7.1 Mixing Equipment 

 

Before concrete pours, designate[ Contractor-owned site meeting 

environmental standards][ on-site area to be paved later in project] for 

cleaning out concrete mixing trucks. Minimize water used to wash equipment. 

 

3.7.2 Hardened, Cured Waste Concrete 

 

[Crush and reuse hardened, cured waste concrete as fill or as a base 

course for pavement. ][Use hardened, cured waste concrete as aggregate in 

concrete mix if approved by Contracting Officer.] 

 

3.7.3 Reinforcing Steel 

 

Collect reinforcing steel and place in designated area for recycling. 

 

3.7.4 Other Waste 

 

Identify concrete manufacturer's or supplier's policy for collection or 

return of construction waste, unused material, deconstruction waste, 
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and/or packaging material.[ Return excess cement to supplier.][ 

Institute deconstruction and construction waste separation and recycling 

for use in manufacturer's programs. When such a program is not available, 

seek local recyclers to reclaim the materials.] 

 

3.8 SURFACE FINISHES EXCEPT FLOOR, SLAB, AND PAVEMENT FINISHES 

 

3.8.1 Defects 

 

Repair surface defects in accordance with ACI 301 Section 5. 

 

3.8.2 Not Against Forms (Top of Walls) 

 

Surfaces not otherwise specified must be finished with wood floats to even 

surfaces. Finish must match adjacent finishes. 

 

3.8.3 Formed Surfaces 

 

3.8.3.1 Tolerances 

 

Tolerances in accordance with ACI 117 and as indicated. 

 

3.8.3.2 As-Cast Rough Form 

 

Provide for surfaces not exposed to public view a surface finish SF-1.0. 

Patch holes and defects in accordance with ACI 301. 

 

3.8.3.3 Standard Smooth Finish 

 

Provide for surfaces exposed to public view a surface finish SF-3.0. Patch 

holes and defects in accordance with ACI 301. 

 

3.8.4 [Smooth-Rubbed][Grout-Cleaned Rubbed][Cork-Floated][Exposed 

Aggregate] Finish 

 

 [Provide a smooth-rubbed finish per ACI 301 Section 5 in the locations 

indicated.][Provide a grout-cleaned rubbed finish per ACI 301 Section 5 in 

the locations indicated.][Provide a cork-floated finish per ACI 301 

Section 5 in the locations indicated.][Provide an exposed aggregate finish 

per ACI 301 Section 5 in the locations indicated.] 

 

3.9 FLOOR, SLAB, AND PAVEMENT FINISHES AND MISCELLANEOUS CONSTRUCTION 

 

In accordance with ACI 301 and ACI 302.1R, unless otherwise specified. 

Slope floors uniformly to drains where drains are provided.[ Depress the 

concrete base slab where quarry tile, ceramic tile, [or] [   ] are 

indicated.][ Steel trowel and fine-broom finish concrete slabs that are 

to receive quarry tile, ceramic tile, or paver tile [  ].]  Where 

straightedge measurements are specified, Contractor must provide 

straightedge. 

 

3.9.1 Finish 

 

Place, consolidate, and immediately strike off concrete to obtain proper 

contour, grade, and elevation before bleedwater appears. Permit concrete 

to attain a set sufficient for floating and supporting the weight of the 

finisher and equipment. If bleedwater is present prior to floating the 

surface, drag the excess water off or remove by absorption with porous 

materials. Do not use dry cement to absorb bleedwater. 
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3.9.1.1 Scratched 

 

Use for surfaces intended to receive bonded applied cementitious 

applications. Finish concrete in accordance with ACI 301 Section 5 for a 

scratched finish. 

 

3.9.1.2 Floated 

 

Use for [surfaces to receive [roofing,] [waterproofing membranes,] [sand 

bed terrazzo,]] [  ] [and] [exterior slabs where not otherwise 

specified.] Finish concrete in accordance with ACI 301 Section 5 for a 

floated finish. 

 

3.9.1.3 Concrete Containing Silica Fume 

 

Finish using magnesium floats or darbies.[ Finish using techniques 

demonstrated in the sample installation.] 

 

3.9.1.4 Steel Troweled 

 

Use for floors intended as walking surfaces[,] [and] for reception of  

floor coverings[, and] [  ]. Finish concrete in accordance with ACI 301 

Section 5 for a steel troweled finish. 

3.9.1.5 Nonslip Finish 

 

Use on surfaces of exterior platforms, steps, and landings; and on 

exterior and interior pedestrian ramps. Finish concrete in accordance 

with ACI 301 Section 5 for a dry-shake finish. After the selected 

material has been embedded by the two floatings, complete the operation 

with a [broomed] [floated] [troweled] finish. 

 

3.9.1.6 Broomed 

 

Use on surfaces of exterior walks, platforms, patios, and ramps, unless 

otherwise indicated. Finish concrete in accordance with ACI 301 Section 5 

for a broomed finish. 

 

3.9.1.7 Pavement 

 

Screed the concrete with a template advanced with a combined longitudinal 

and crosswise motion. Maintain a slight surplus of concrete ahead of the 

template. After screeding, float the concrete longitudinally. Use a 

straightedge to check slope and flatness; correct and refloat as 

necessary.  Obtain final finish by [belting. Lay belt flat on the 

concrete surface and advance with a sawing motion; continue until a 

uniform but gritty nonslip surface is obtained.] [a burlap drag. Drag a 

strip of clean, wet burlap from 900 to 3000 mm wide and 600 mm longer 3 to 

10 feet wide and 2 feet longer than the pavement width across the slab. 

Produce a fine, granular, sandy textured surface without disfiguring 

marks.] Round edges and joints with an edger having a radius of 3 mm 1/8 

inch. 

 

3.9.1.8 Concrete Toppings Placement 

 

The following requirements apply to the placement of toppings of concrete 

on base slabs that are either freshly placed and still plastic, or on 

hardened base slabs. 
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3.9.1.8.1 Placing on a Fresh Base: Screed and bull float the base slab. As 

soon as the water sheen has disappeared, lightly rake the 

surface of the base slab with a stiff bristle broom to produce a 

bonding surface for the topping. Immediately spread the topping 

mixture evenly over the roughened base before final set takes 

place. Give the topping the finish [indicated on the drawings] 

[specified herein]. 

 

3.9.1.8.2 Bonding to a Hardened Base: When the topping is to be bonded to 

a floated or troweled hardened base, roughen the base by 

scarifying, grit-blasting, scabbling, planing, flame cleaning, 

or acid-etching to lightly expose aggregate and provide a 

bonding surface. Remove dirt, laitance, and loose aggregate by 

means of a stiff wire broom. Keep the clean base wet for a 

period of 12 hours preceding the application of the topping. 

Remove excess water and apply a 1:1:1/2 cement-sand-water 

grout, and brush into the surface of the base slab. Do not 

allow the cement grout to dry, and spread it only short 

distances ahead of the topping placement. Do not allow 

the temperature differential between the completed base and the 

topping mixture to exceed 5 degrees C 41 degrees F at the time 

of placing. Place the topping and finish as[ indicated][ 

specified herein]. 

 

3.9.1.9 Chemical-Hardener Treatment 

 

[ Apply liquid-chemical floor hardener where indicated after curing and 

drying concrete surface. Dilute liquid hardener with water and apply in 

three coats. First coat must be one-third strength, second coat one-half 

strength, and third coat two-thirds strength. Apply each coat evenly and 

allow to dry 24 hours between coats. 

 

Approved proprietary chemical hardeners must be applied in accordance with 

manufacturer's printed directions. 

 

3.9.1.10 Colored Wear-Resistant Finish 

 

[ a. Give finish to monolithic slab surfaces where indicated. 

 

b. Apply dry shake materials for colored wear-resistant finish at the 

rate of 29 kilogram per 10 square meter 60 pounds per 100 square feet 

of surface. 

 

c. Immediately following first floating operation, approximately 
two-thirds of specified weight of dry shake material must be uniformly 

distributed over surface and embedded by means of power floating. 

After first dry-shake application has been embedded, uniformly 

distribute remainder of dry-shake material over surface at right 

angles to first dry-shake application and embed by means of power 

floating. Trueness of surface and other requirements for floating 

operations not specified in this paragraph must be as specified for 

float finish. 

 

d. After completion of float finish, apply a trowel finish as specified. 

 

3.9.1.11 Heavy-Duty Wear-Resistant Finish 

 

a. Give finish to slab surfaces where indicated. 

 

b. Dry-shake material for heavy-duty, wear-resistant finish must consist 

of a mixture of standard portland cement and aggregate for heavy-duty, 
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wear-resistant finish proportioned by weight as follows: 

 

One part standard portland cement and [two parts traprock aggregate 

for heavy-duty wear-resistant finish] [four parts emery aggregate for 

heavy-duty wear-resistant finish] [two parts by weight iron aggregate 

for heavy-duty, wear-resistant finish]. 

 

c. Apply blended dry-shake material as follows: 

 
 

Maximum type of aggregate 

in dry shake 

Amount per 100 square meter feet 

of Surface 

Traprock 73 kilogram 160 pounds 

Emery 59 kilogram 130 pounds 

Iron 59 kilogram 130 pounds 

 

d. Immediately following the first floating operation, approximately 

one-half the specified weight of blended, uniformly distribute 

dry-shake materials over the surface and embedded by means of power 

floating. After the first dry-shake application has been embedded, 

uniformly distribute the remaining one-half of the blended dry-shake 

material over the surface at right angles to the first dry-shake 

application and embedded by means of power floating. Trueness of 

surface and other requirements for floating operations not specified 

in this paragraph must be as specified for float finish. 

 

e. After completion of the float finish, trowel finish the surface as 

specified. 

 

3.9.2 Flat Floor Finishes 

 

ACI 302.1R.Construct in accordance with one of the methods recommended  

in Table 7.15.3, "Typical Composite Ff/FL Values for Various Construction 

Methods." ACI 117 for tolerance tested by ASTM E1155. 

 

a. Specified Conventional Value: 

 

Floor Flatness (Ff) [20] [  ] [13] [  ] minimum 

Floor Levelness (FL) [15] [  ] [10] [  ] minimum 

 

b. Specified Industrial: 

 

Floor Flatness (Ff) [30] [  ] [15] [  ] minimum 

Floor Levelness (FL) [20] [  ] [10] [  ] minimum 

 

3.9.2.1 Measurement of Floor Tolerances 

 

Test slab within 24 hours of the final troweling. Provide tests to 

Contracting Officer within 12 hours after collecting the data. Floor 

flatness inspector is required to provide a tolerance report which must 

include: 

 

a. Key plan showing location of data collected. 

 

b. Results required by ASTM E1155. 
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3.9.2.2 Remedies for Out of Tolerance Work 

 

Contractor is required to repair and retest any floors not meeting 

specified tolerances.Prior to repair, Contractor must submit and receive 

approval for the proposed repair, including product data from any 

materials proposed. Repairs must not result in damage to structural 

integrity of the floor.For floors exposed to public view, repairs must 

prevent any uneven or unusual coloring of the surface. 

 

3.9.3 Concrete Walks 

 

Provide 100 mm 4 inches thick minimum. Provide contraction joints spaced 

every 1500 lineal mm 5 linear feet unless otherwise indicated. Cut 

contraction joints 25 mm 1 inch deep, or one fourth the slab thickness 

whichever is deeper, with a jointing tool after the surface has been 

finished.  Provide 13 mm 0.5 inch thick transverse expansion joints at 

changes in direction where sidewalk abuts curb, steps, rigid pavement, or 

other similar structures; space expansion joints every 15 m 50 feet 

maximum. Give walks a broomed finish. Unless indicated otherwise, 

provide a transverse slope of 1/48. Limit variation in cross section to 6 

mm in 1500 mm 1/4 inch in 5 feet. 

 

3.9.4 Pits and Trenches 

 

Place bottoms and walls monolithically or provide waterstops and keys. 

 

3.9.5 Curbs[ and Gutters] 

 

Provide contraction joints spaced every 3 m 10 feet maximum unless 

otherwise indicated. Cut contraction joints 20 mm 3/4 inch deep with a 

jointing tool after the surface has been finished. Provide expansion 

joints 13 mm 1/2 inch thick and spaced every 30 m 100 feet maximum unless 

otherwise indicated. Perform pavement finish. 

 

3.9.6 Splash Blocks 

 

Provide at outlets of downspouts emptying at grade. Splash blocks may be 

precast concrete, and must be 600 mm long, 300 mm wide and 100 mm thick 24 

inches long, 12 inches wide and 4 inches thick, unless otherwise 

indicated, with smooth-finished countersunk dishes sloped to drain away 

from the building. 

 

3.10 JOINTS 

 

3.10.1 Construction Joints 

 

Make and locate joints not indicated so as not to impair strength and 

appearance of the structure, as approved. Joints must be perpendicular to 

main reinforcement. Reinforcement must be continued and developed across 

construction joints. Locate construction joints as follows: 

 

3.10.1.1 Maximum Allowable Construction Joint Spacing 

 

3.10.1.1.1 In walls at not more than 18.3 meter 60 feet in any 

horizontal direction. 

 

3.10.1.1.2 In slabs on ground, so as to divide slab into areas not in 

excess of 

111.5 square meter 1,200 square feet. 
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3.10.1.2 Construction Joints for Constructability Purposes 

 

3.10.1.2.1 In walls, at top of footing; at top of slabs on ground; 

at top and bottom of door and window openings or where 

required to conform to architectural details; and at underside 

of deepest beam or girder framing into wall. 

 

3.10.1.2.2 In columns or piers, at top of footing; at top of slabs on 

ground; and at underside of deepest beam or girder framing into 

column or pier. 

 

3.10.1.2.3 Near midpoint of spans for supported slabs, beams, and 

girders unless a beam intersects a girder at the center, in which 

case construction joints in girder must offset a distance equal 

to twice the width of the beam. Make transfer of shear 

through construction joint by use of inclined reinforcement. 
 

Provide keyways at least 40 mm 1-1/2-inches deep in construction joints in 

walls and slabs and between walls and footings; approved bulkheads may be 

used for slabs. 

 

3.10.2 Isolation Joints in Slabs on Ground 

 

3.10.2.1 Provide joints at points of contact between slabs on 

ground and vertical surfaces, such as column pedestals, 

foundation walls, grade beams, and elsewhere as indicated. 

 

3.10.2.2 Fill joints with premolded joint filler strips 13 mm 1/2 

inch thick, extending full slab depth. Install filler strips 

at proper level below finish floor elevation with a slightly 

tapered, dress-and-oiled wood strip temporarily secured to top of 

filler strip to form a groove not less than 19 mm 3/4 inch in depth 

where joint is sealed with sealing compound and not less than 6 mm 

1/4 inch in depth where joint sealing is not required. Remove wood 

strip after concrete has set. Contractor must clean groove of 

foreign matter and loose particles after surface has dried. 

 

3.10.3 Contraction Joints in Slabs on Ground 

 

3.10.3.1 Provide joints to form panels as indicated. 

 

3.10.3.2 Under and on exact line of each control joint, cut 50 

percent of welded wire reinforcement before placing concrete. 

 

3.10.3.3 Sawcut contraction joints into slab on ground in 

accordance with ACI 301 Section 5. 

 

[ d. Joints must be 4 mm 1/8-inch wide by 1/5 to 1/4 of slab depth and 

formed by inserting hand-pressed fiberboard strip into fresh concrete 

until top surface of strip is flush with slab surface. After concrete 

has cured for at least 7 days, the Contractor must remove inserts and 

clean groove of foreign matter and loose particles. 

 
 

[ e. Sawcutting will be limited to within 12 hours after set and at 1/4 

slab depth. 

 

3.10.4 Sealing Joints in Slabs on Ground 

 

a. Contraction and control joints which are to receive finish flooring 
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material must be sealed with joint sealing compound after concrete 

curing period. Slightly underfill groove with joint sealing compound 

to prevent extrusion of compound. Remove excess material as soon 

after sealing as possible. 

b. Sealed groove must be left ready to receive filling material that is 

provided as part of finish floor covering work. 

 

3.11 CONCRETE FLOOR TOPPING 

 

3.11.1 Standard Floor Topping 

 

Provide topping for treads and platforms of metal steel stairs and 

elsewhere as indicated. 

 

3.11.1.1 Preparations Prior to Placing 

 

3.11.1.1.1 When topping is placed on a green concrete base slab, 

screed surface of base slab to a level not more than 38 mm 1-1/2 

inches nor less than 

25 mm 1 inch below required finish surface. Remove water and laitance 

from surface of base slab before placing topping mixture. As soon as 

water ceases to rise to surface of base slab, place topping. 

 

3.11.1.1.2 When topping is placed on 

a hardened concrete base slab, remove dirt, loose material, oil, 

grease, asphalt, paint, and other contaminants from base slab 

surface, leaving a clean surface. Prior to placing topping 

mixture, 64 mm 2-1/2-inches minimum, slab surface must be 

dampened and left free of standing water. Immediately before 

topping mixture is placed, broom a coat of neat cement grout onto 

surface of slab. Do not allow cement grout 

to set or dry before topping is placed. 

 

3.11.1.1.3 When topping is placed on a metal surface, such as 

metal pans for steel stairs, remove dirt, loose material, 

oil, grease, asphalt, paint, and other contaminants from 

metal surface. 

 

3.11.1.2 Placing 

 

Spread standard topping mixture evenly on previously prepared base slab or 

metal surface, brought to correct level with a straightedge, and struck 

off. Topping must be consolidated, floated, checked for trueness of 

surface, and refloated as specified for float finish. 

 

3.11.1.3 Finishing 

 

Give trowel finish standard floor topping surfaces. 

 

Give other finishes standard floor topping surfaces as indicated. 

3.11.2 Heavy-Duty Floor Topping 

 

Provide topping where indicated. 

 

3.11.2.1 Heavy-duty Topping Mixture 

 

Provide mixture that consists of 1 part portland cement and 2-1/2 parts 

emery aggregate or 1 part fine aggregate and 1-1/2 parts traprock coarse 

aggregate, by volume. Exact proportions of mixture must conform to 
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recommendations of aggregate manufacturer. Mixing water must not exceed 

14.2 liter per 43 kilogram 3-1/4 gallons per 94-pound sack of cement 

including unabsorbed moisture in aggregate. Maximum slump must be 25 mm 1 

inch. 

 

3.11.2.2 Base Slab 

 

3.11.2.2.1 Screed surface of slab to a level no more than 38 mm 1-1/2 

inches nor less than 25 mm 1 inch below grade of finished floor. 

 

3.11.2.2.2 Give slab a scratch finish as specified. 

 

3.11.2.2.3 Preparations prior to placing. 

 

Remove dirt, loose material, oil, grease, asphalt, paint and other 

contaminants from base slab surface. Prior to placing topping 

mixture, dampen slab surface and leave free of standing water. 

Immediately before topping mixture is placed, broom a coat of neat 

cement grout onto surface of slab. Allow cement grout to set or dry 

before topping mixture is placed. 

 

3.11.2.3 Placing 

 

Spread heavy-duty topping mixture evenly on previously prepared base slab, 

and bring to correct level with a straightedge, and strike off. Provide 

topping that is consolidated, floated, and checked for trueness of surface 

as specified for float finish, except that power-driven floats is the 

impact type. 

 

3.11.2.4 Finishing 

 

Give trowel finish heavy-duty floor topping surfaces. Provide trowel 

finish as specified, except that additional troweling after first power 

troweling must be not less than three hand-troweling operations. 

 

3.12 CURING AND PROTECTION 

 

Curing and protection in accordance with ACI 301 Section 5, unless 

otherwise specified. Begin curing immediately following form removal. 

Avoid damage to concrete from vibration created by blasting, pile driving, 

movement of equipment in the vicinity, disturbance of formwork or 

protruding reinforcement, and any other activity resulting in ground 

vibrations. Protect concrete from injurious action by sun, rain, flowing 

water, frost, mechanical injury, tire marks, and oil stains. Do not allow 

concrete to dry out from time of placement until the expiration of the 

specified curing period. Do not use membrane-forming compound on surfaces 

where appearance would be objectionable, on any surface to be painted, 

where coverings are to be bonded to the concrete, or on concrete to which 

other concrete is to be bonded. If forms are removed prior to the 

expiration of the curing period, provide another curing procedure 

specified herein for the remaining portion of the curing period. Provide 

moist curing for those areas receiving liquid chemical sealer, hardener, 

or epoxy coating. Allow curing compound/sealer installations to cure 

prior to the installation of materials that adsorb VOCs, including [  ]. 
 

3.12.1 Requirements for Type III, High-Early-Strength Portland Cement 

 

The curing periods are required to be not less than one-fourth of those 

specified for portland cement, but in no case less than 72 hours. 

 

3.12.2 Curing Periods 
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ACI 301 Section 5, except 10 days for retaining walls, pavement or 

chimneys. Begin curing immediately after placement. Protect concrete 

from premature drying, excessively hot temperatures, and mechanical 

injury; and maintain minimal moisture loss at a relatively constant 

temperature for the period necessary for hydration of the cement and 

hardening of the concrete. The materials and methods of curing are subject 

to approval by the Contracting Officer. 

 

3.12.3 Curing Formed Surfaces 

 

Accomplish curing of formed surfaces, including undersurfaces of girders, 

beams, supported slabs, and other similar surfaces by moist curing with 

forms in place for full curing period or until forms are removed. If 

forms are removed before end of curing period, accomplish final curing of 

formed surfaces by any of the curing methods specified above, as 

applicable. 

 

3.12.4 Curing Unformed Surfaces 

 

3.12.4.1 Accomplish initial curing of unformed surfaces, such as 

monolithic slabs, floor topping, and other flat surfaces, by 

membrane curing. 

a. Accomplish final curing of unformed surfaces by any of curing methods 

specified, as applicable. 

 

b. Accomplish final curing of concrete surfaces to receive liquid floor 

hardener of finish flooring by moisture-retaining cover curing. 

 

3.12.5 Temperature of Concrete During Curing 

 

When temperature of atmosphere is 5 degrees C 41 degrees F and below, 

maintain temperature of concrete at not less than 13 degrees C 55 degrees F 

throughout concrete curing period or 7 degrees C 45 degrees F when the 

curing period is measured by maturity. When necessary, make arrangements 

before start of concrete placing for heating, covering, insulation, or 

housing as required to maintain specified temperature and moisture 

conditions for concrete during curing period. 

 

When the temperature of atmosphere is 27 degrees C 80 degrees F and above 

or during other climatic conditions which cause too rapid drying of 

concrete, make arrangements before start of concrete placing for 

installation of wind breaks, of shading, and for fog spraying, wet 

sprinkling, or moisture-retaining covering of light color as required to 

protect concrete during curing period. 

 

Changes in temperature of concrete must be uniform and not exceed 3 

degrees C 37 degrees F in any 1 hour nor 27 degrees C 80 degrees F in any 

24-hour period. 

 

3.12.6 Protection from Mechanical Injury 

 

During curing period, protect concrete from damaging mechanical 

disturbances, particularly load stresses, heavy shock, and excessive 

vibration and from damage caused by rain or running water. 

 

3.12.7 Protection After Curing 

 

Protect finished concrete surfaces from damage by construction operations. 

 

3.13 FIELD QUALITY CONTROL 
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3.13.1 Sampling 

 

ASTM C172/C172M. Collect samples of fresh concrete to perform tests 

specified. ASTM C31/C31M for making test specimens. 

 

3.13.2 Testing 

 

3.13.2.1 Slump Tests 

 

ASTM C143/C143M. Take concrete samples during concrete 

placement/discharge. The maximum slump may be increased as specified with 

the addition of an approved admixture provided that the water-cementitious 

material ratio is not exceeded. Perform tests at commencement of concrete 

placement, when test cylinders are made, and for each batch (minimum) or 

every 16 cubic meters 20 cubic yards (maximum) of concrete. 

 

3.13.2.2 Temperature Tests 

 

Test the concrete delivered and the concrete in the forms. Perform tests 

in hot or cold weather conditions (below 10 degrees C and above 27 degrees 

C below 50 degrees F and above 80 degrees F) for each batch (minimum) or 

every 16 cubic meters 20 cubic yards (maximum) of concrete, until the 

specified temperature is obtained, and whenever test cylinders and slump 

tests are made. 

 

3.13.2.3 Compressive Strength Tests 

 

ASTM C39/C39M. Make [six] [eight] 150 mm by 300 mm 6 inch by 12 inch [100 

mm by 200 mm4 inch by 8 inch] test cylinders for each set of tests in 

accordance with ASTM C31/C31M, ASTM C172/C172M and applicable requirements 

of ACI 305R and ACI 306R. Take precautions to prevent evaporation and 

loss of water from the specimen. Test two cylinders at 7 days, two 

cylinders at 28 days, [two cylinders at 56 days] [two cylinders at 90 

days] [  ] and hold two cylinder in reserve. Take samples for strength 

tests of each [mix design of] [and for] [  ] concrete placed each day 

not less than once a day, nor less than once for each 75 cubic meters 100 

cubic yards of concrete for the first 380 cubic meters 500 cubic yards, 

then every 380 cubic meters 500 cubic yards thereafter, nor less than once 

for each 500 square meters 5400 square feet of surface area for slabs or 

walls. For the entire project, take no less than five sets of samples and 

perform strength tests for each mix design of concrete placed.  Each 

strength test result must be the average of two cylinders from the same 

concrete sample tested at 28 days. Concrete compressive tests must meet 

the requirements of this section, the Contract Document, and ACI 301. 

Retest locations represented by erratic core strengths. Where retest 

does not meet concrete compressive strength requirements submit a 

mitigation or remediation plan for review and approval by the contracting 

officer. Repair core holes with nonshrink grout. Match color and finish 

of adjacent concrete. 

 

3.13.2.4 Air Content 

 

ASTM C173/C173M or ASTM C231/C231M for normal weight concrete [and 
ASTM C173/C173M for lightweight concrete]. Test air-entrained concrete 

for air content at the same frequency as specified for slump tests. 

 

3.13.2.5 Unit Weight of Structural Concrete 

 

ASTM C567/C567M and ASTM C138/C138M. Determine unit weight of lightweight 

and normal weight concrete. Perform test for every 15 cubic meters 20 
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cubic yards maximum. 

 

3.13.2.6 Chloride Ion Concentration 

 

Chloride ion concentration must meet the requirements of the paragraph 

titled CORROSION AND CHLORIDE CONTENT. Determine water soluble ion 

concentration in accordance with ASTM C1218/C1218M. Perform test once for 

each mix design. 

 

3.13.2.7 Strength of Concrete Structure 

 

The strength of the concrete structure will be considered to be deficient 

if any of the following conditions are identified: 

 

a. Failure to meet compressive strength tests as evaluated. 

 

b. Reinforcement not conforming to requirements specified. 

 

c. Concrete which differs from required dimensions or location in such a 

manner as to reduce strength. 

 

d. Concrete curing and protection of concrete against extremes of 

temperature during curing, not conforming to requirements specified. 

 

e. Concrete subjected to damaging mechanical disturbances, particularly 

load stresses, heavy shock, and excessive vibration. 

 

f. Poor workmanship likely to result in deficient strength. 

 

Where the strength of the concrete structure is considered deficient 

submit a mitigation or remediation plan for review and approval by the 

contracting officer. 

 

3.13.2.8 Non-Conforming Materials 

 

Factors that indicate that there are non-conforming materials include (but 

not limited to) excessive compressive strength, inadequate compressive 

strength, excessive slump, excessive voids and honeycombing, concrete 

delivery records that indicate excessive time between mixing and 

placement, or excessive water was added to the mixture during delivery and 

placement. Any of these indicators alone are sufficient reason for the 

Contracting Officer to request additional sampling and testing. 

 

Investigations into non-conforming materials must be conducted at the 

Contractor's expense. The Contractor must be responsible for the 

investigation and must make written recommendations to adequately mitigate 

or remediate the non-conforming material. The Contracting Officer may 

accept, accept with reduced payment, require mitigation, or require 

removal and replacement of non-conforming material at no additional cost 

to the Government. 

 

3.13.2.9 Testing Concrete Structure for Strength 

 

 

When there is evidence that strength of concrete structure in place does 

not meet specification requirements or there are non-conforming materials, 

make cores drilled from hardened concrete for compressive strength 

determination in accordance with ASTM C42/C42M, and as follows: 

 

3.13.2.9.1 Take at least three representative cores from each member 

or area of concrete-in-place that is considered potentially 
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deficient. Location of cores will be determined by the 

Contracting Officer. 

 

3.13.2.9.2 Test cores after moisture conditioning in accordance with 

ASTM C42/C42M if concrete they represent is more than superficially wet 

under service. 
 

3.13.2.9.3 Air dry cores, (16 to 27 degrees C60 to 80 degrees F with 

relative humidity less than 60 percent) for 7 days before test 

and test dry if concrete they represent is dry under service 

conditions. 

 

3.13.2.9.4 Strength of cores from each member or area are considered 

satisfactory if their average is equal to or greater than 85 

percent of the 28-day design compressive strength of the class of 

concrete. 

 

a. Core specimens will be taken and tested by the Government. If 

the results of core-boring tests indicate that the concrete 

as placed does not conform to the drawings and specification, 

the cost of such tests and restoration required must be borne 

by the Contractor. 

 
Fill core holes solid with patching mortar and finished to 

match adjacent concrete surfaces. 

 

Correct concrete work that is found inadequate by core 

tests in a manner approved by the Contracting Officer. 
 

3.14 REPAIR, REHABILITATION AND REMOVAL 

 

Before the Contracting Officer accepts the structure the Contractor must 

inspect the structure for cracks, damage and substandard concrete 

placements that may adversely affect the service life of the structure. A 

report documenting these defects must be prepared which includes 

recommendations for repair, removal or remediation must be submitted to 

the Contracting Officer for approval before any corrective work is 

accomplished. 
 

3.14.1 Crack Repair 

 

Prior to final acceptance, all cracks in excess of 0.50 mm 0.02 inches 

wide must be documented and repaired. The proposed method and materials 

to repair the cracks must be submitted to the Contracting Officer for 

approval. The proposal must address the amount of movement expected in 

the crack due to temperature changes and loading. 

 

3.12.2 Repair of Weak Surfaces 

 

Weak surfaces are defined as mortar-rich, rain-damaged, uncured, or 

containing exposed voids or deleterious materials. Concrete surfaces with 

weak surfaces less than 6 mm 1/4 inch thick must be diamond ground to 

remove the weak surface. Surfaces containing weak surfaces greater than 

6mm 1/4 inch thick must be removed and replaced or mitigated in a manner 

acceptable to the Contracting Officer. 

 

3.15.3 Failure of Quality Assurance Test Results 

 

Proposed mitigation efforts by the Contractor must be approved by the 

Contracting Officer prior to proceeding. 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC) 

 

AISC 360 (2016) Specification for Structural Steel 

Buildings 

 

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT) 

 

ANSI/ASNT CP-189 (2016) ASNT Standard for Qualification and 

Certification of Nondestructive Testing 

Personnel (ANSI/ASNT CP-105-2006) 

 

AMERICAN WELDING SOCIETY (AWS) 

 

AWS A2.4 (2012) Standard Symbols for Welding, 

Brazing and Nondestructive Examination 

 

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 

Structural Welding Code - Steel 
 

AWS D1.3/D1.3M (2018) Structural Welding Code - Sheet 

Steel 

 

AWS D1.4/D1.4M (2011) Structural Welding Code - 

Reinforcing Steel 

 

AWS D1.8/D1.8M (2016) Structural Welding Code—Seismic 

Supplement 

 

AWS D14.4/D14.4M (2012) Specification for Welded Joints for 

Machinery and Equipment 

 

AWS QC1 (2016) Specification for AWS Certification 

of Welding Inspectors 

 

AWS Z49.1 (2012) Safety in Welding and Cutting and 

Allied Processes 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM E165/E165M (2018) Standard Practice for Liquid 

Penetrant Examination for General Industry 

 

ASTM E709 (2015) Standard Guide for Magnetic 

Particle Examination 
 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for Contractor Quality 

Control approval. When used, a designation following the "G" designation 

identifies the office that will review the submittal for the Government.  
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SD-01 Preconstruction Submittals 

 

Welding Quality Assurance Plan; G[, [  ]] 

SD-03 Product Data 

Welding Procedure Qualifications; G[, [  ]] 

Welder, Welding Operator, and Tacker Qualification 

Previous Qualifications 

Pre-Qualified Procedures; G[, [  ]] 

Welding Electrodes and Rods 

SD-06 Test Reports 

Nondestructive Testing 

Weld Inspection Log 

SD-07 Certificates 

 

Certified Welding Procedure Specifications (WPS) 

Certified Brazing Procedure Specifications (BPS) 

Certified Procedure Qualification Records (PQR) 

Certified Welder Performance Qualifications (WPQ) 

Certified Brazer Performance Qualifications (BPQ) 

Certified Welding Inspector 

Nondestructive Testing Personnel 

 

1.3 QUALITY ASSURANCE 

 

Except for pre-qualified (in accordance with AWS D1.1/D1.1M) and 

previously qualified procedures, each Contractor performing welding must 

record in detail and qualify the welding procedure specification for any 

welding procedure followed in the fabrication of weldments. Conform 

welding procedure qualifications to AWS D1.1/D1.1M[, AWS D1.8/D1.8M] and 

to the specifications in this section. Submit for approval copies of the 

welding procedure specification and the procedure qualification records 

for each type of welding being performed. Submission of the welder, 

welding operator, or tacker qualification test records is also required. 

Approval of any procedure, however, does not relieve the Contractor of the 

sole responsibility for producing a finished structure meeting all the 

specified requirements. Submit this information on the forms in Annex M 

of AWS D1.1/D1.1M. Individually identify and clearly reference on the 

detail drawings and erection drawings all welding procedure 

specifications, or suitably key them to the contract drawings. In case of 

conflict between this specification and AWS D1.1/D1.1M, this specification 

governs. 

 

1.3.1 General Requirements 
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Fabricate work in an AISC Certified Fabrication Plant, Category BU. Erect 

work by an AISC Certified Erector, Category CSE. 

 

a. For Structural Projects, provide documentation of the following: 

 

(1) Component Thickness 3 mm 1/8 inch and greater: Qualification 

documents (WPS, PQR, and WPQ) in accordance with AWS D1.1/D1.1M 

[and AWS D1.8/D1.8M]. 

 

(2) Component Thickness Less than 3 mm 1/8 inch: Qualification 

documents (WPS, PQR, and WPQ) in accordance with AWS D1.3/D1.3M. 

 

(3) Reinforcing Steel: Qualification documents (WPS, PQR, and WPQ) in 

accordance with AWS D1.4/D1.4M. 

 

b. For other applications, provide documentation of the following: 

 

(1) Submit two copies of the Certified Welding Procedure 

Specifications (WPS), Certified Brazing Procedure Specifications 

(BPS) and Certified Procedure Qualification Records (PQR) to the 

Contracting Officer for [approval] [review]. 

 

(2) Submit two copies of the Certified Welder Performance 

Qualifications (WPQ)and Certified Brazer Performance 

Qualifications (BPQ) to the Contracting Officer for review 

within fifteen calendar days prior to any employee welding on 

the project material. 

 

(3) Machinery: Qualification documents (WPS, PQR, and WPQ) in 

accordance with AWS D14.4/D14.4M. 

 

1.3.2 Previous Qualifications 

 

Welding procedures previously qualified by test in accordance with 

AWS D1.1/D1.1M, may be accepted for this contract without 

re-qualification, upon receipt of the test results, if the following 

conditions are met: 

 

a. Testing was performed by an approved testing laboratory, technical 

consultant, or the Contractor's approved quality control organization. 

b. The qualified welding procedure conforms to the requirements of this 

specification and is applicable to welding conditions encountered 

under this contract. 

 

c. The welder, welding operator, and tacker qualification tests conform 

to the requirements of this specification and are applicable to 

welding conditions encountered under this contract. 

 

1.3.3 Pre-qualified Procedures 

 

Welding procedures which are considered pre-qualified as specified in  AWS 

D1.1/D1.1M will be accepted without further qualification. Submit for 

approval a listing or an annotated drawing to indicate the joints not 

pre-qualified. Procedure qualification is mandatory for these joints. 

No pre-qualified welding procedures are allowed. Qualify the welding 

procedures and welders by tests prescribed in the applicable code or 

specification not withstanding the fact the code or specification may 

allow pre-qualified procedures. 

 

1.3.4 Welder, Welding Operator, and Tacker Qualification 
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Each welder, welding operator, and tacker assigned to work on this 

contract must be qualified in accordance with the applicable requirements 

of AWS D1.1/D1.1M[, AWS D1.8/D1.8M] and as specified in this section. 

Welders, welding operators, and tackers who make acceptable procedure 

qualification test welds will be considered qualified for the welding 

procedure used within the applicable essential variables for welder 

qualification. 

 

1.3.4.1 Previous Personnel Qualifications 

 

At the discretion of the Contracting Officer, welders, welding operators, 

and tackers qualified by test within the previous 6 months may be accepted 

for this contract without re-qualification if all the following conditions 

are met: 

 

a. Copies of the welding procedure specifications, the procedure 

qualification test records, and the welder, welding operator, and 

tacker qualification test records are submitted and approved in 

accordance with the specified requirements for detail drawings. 

 

b. Testing was performed by an approved testing laboratory, technical 

consultant, or the Contractor's approved quality control organization. 

 

d. che welder, welding operator, and tacker qualification tests conform 

to the requirements of this specification and are applicable to 

welding conditions encountered under this contract. 

 

1.3.4.2 Certificates 

 

Before assigning any welder, welding operator, or tacker to work under 

this contract, submit the names and certification that each individual is 

qualified as specified. State in the certification the type of welding 

and positions for which the welder, welding operator, or tacker is 

qualified, the code and procedure under which the individual is 

qualified, the date qualified, and the name of the firm and person 

certifying the qualification tests. Keep the certification current, on 

file, and furnish 3 copies. 

 

1.3.4.3 Renewal of Qualification 

 

Re-qualification of a welder or welding operator is required under any of 

the following conditions: 

 

a. It has been more than 6 months since the welder or welding operator 

has used the specific welding process for which he is qualified. 

 

b. There is specific reason to question the welder or welding operator's 

ability to make welds that meet the requirements of these 

specifications. 

 

c. The welder or welding operator was qualified by an employer other than 

those firms performing work under this contract, and a qualification 

test has not been taken within the past 12 months. Submit as evidence 

of conformance all records showing periods of employment, name of 

employer where welder, or welding operator, was last employed, and the 

process for which qualified. 

 

d. A tacker who passes the qualification test is considered eligible to 

perform tack welding indefinitely in the positions and with the 

processes for which he/she is qualified, unless there is some specific 
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reason to question the tacker's ability or there has been a gap 

greater than 6 months since he/she last used the process. In such a 

case, the tacker is required to pass the prescribed tack welding test. 

 

1.3.5 Inspector Qualification 

 

Submit certificates indicating that certified welding inspectors meet the 

requirements of AWS QC1. Submit qualifications for nondestructive 

testing personnel in accordance with the requirements of ANSI/ASNT CP-189 

for Levels I or II in the applicable nondestructive testing method. Level 

I inspectors must have direct supervision of a Level II inspector. 

 

1.3.6 Symbols and Safety 

 

Use symbols in accordance with AWS A2.4, unless otherwise indicated. 

Follow safe welding practices and safety precautions during welding in 

conformance with AWS Z49.1. 

 

PART 2 PRODUCTS 

 

2.1 SYSTEM DESCRIPTION 

 

Conform the design of welded connections to AISC 360, unless otherwise 

indicated or specified. Material with welds will not be accepted unless 

the welding is specified or indicated on the drawings or otherwise 

approved. Perform welding as specified in this section, except where 

additional requirements are shown on the drawings or are specified in 

other sections. Do not commence welding until welding procedures, 

inspectors, nondestructive testing personnel, welders, welding operators, 

and tackers have been qualified and the submittals approved by the 

Contracting Officer. Perform all testing at or near the work site. 

Maintain records of the test results obtained in welding procedure, 

welder, welding operator, and tacker performance qualifications. 

 

2.1.1 Pre-erection Conference 

 

 

Hold a pre-erection conference prior to the start of the field welding, to 

bring all affected parties together and to gain a naturally clear 

understanding of the project and the Welding Procedure Specifications 

(WPS) (submitted for all welding, including welding done using 

pre-qualified procedures). Mandatory attendance is required by all 

Contractor's welding production and inspection personnel and appropriate 

Government personnel. Include as items for discussion: responsibilities 

of various parties; welding procedures and processes to be followed; 

welding sequence (both within a joint and joint sequence within the 

building); inspection requirements and procedures, both visual and 

nondestructive testing; welding schedule; and other items deemed necessary 

by the attendees. 

 

2.2 WELDING EQUIPMENT AND MATERIALS 

 

Provide all welding equipment, welding electrodes and rods, welding wire, 

and fluxes capable of producing satisfactory welds when used by a 

qualified welder or welding operator. Provide welding equipment and 

materials that comply with the applicable requirements of 

AWS D1.1/D1.1M[ and AWS D1.8/D1.8M]. Submit product data on welding 

electrodes and rods. 
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PART 3 EXECUTION 

 

3.1 WELDING OPERATIONS 

 

3.1.1 Requirements 

 

Conform workmanship and techniques for welded construction to the 

requirements of AWS D1.1/D1.1M[, AWS D1.8/D1.8M] and AISC 360. When 

AWS D1.1/D1.1M[, AWS D1.8/D1.8M] and the AISC 360 specification conflict, 

the requirements of AWS D1.1/D1.1M[, AWS D1.8/D1.8M] govern. 

 

3.1.2 Identification 

 

Identify all welds in one of the following ways: 

 

a. Submit written records to indicate the location of welds made by each 

welder, welding operator, or tacker. 

 

b. Identify all work performed by each welder, welding operator, or 

tacker with an assigned number, letter, or symbol to identify welds 

made by that individual. The Contracting Officer may require welders, 

welding operators, and tackers to apply their symbol next to the weld 

by means of rubber stamp, felt-tipped marker with waterproof ink, or 

other methods that do not cause an indentation in the metal. Place the 

identification mark for seam welds adjacent to the weld at 1 m 3 foot 

intervals. Identification with die stamps or electric etchers is not 

allowed. 

 

3.2 QUALITY CONTROL 

 

Perform testing using an approved inspection or testing laboratory or 

technical consultant; or if approved, the Contractor's inspection and 

testing personnel may be used instead of the commercial inspection or 

testing laboratory or technical consultant. A Certified Welding Inspector 

must perform visual inspection on 100 percent of all welds. Document this 

inspection in the Visual Weld Inspection Log.  Test 50% of CJP welds using 

ultrasonic testing per Table 6.2 or 6.3 of AWS D1.1/D1.1M. Randomly test 

50% of all PJP and fillet welds or as indicated by magnetic particle or 

dye penetrant testing. Verify the welds conform to paragraph STANDARDS 

OF ACCEPTANCE. Conform procedures and techniques for inspection with 

applicable requirements of AWS D1.1/D1.1M[, AWS D1.8/D1.8M, ASTM 

E165/E165M, and ASTM E709. Submit a Welding Quality Assurance Plan and 

records of tests and inspections. 

 

3.3 STANDARDS OF ACCEPTANCE 

 

Conform dimensional tolerances for welded construction, details of welds, 

and quality of welds with the applicable requirements of AWS D1.1/D1.1M[, 

AWS D1.8/D1.8M] and the contract drawings. Submit all records of 

nondestructive testing. 

 

3.3.1 Nondestructive Testing 

 

The welding is subject to inspection and tests in the mill, shop, and 

field. Inspection and tests in the mill or shop do not relieve the 

Contractor of the responsibility to furnish weldments of satisfactory 

quality. When materials or workmanship do not conform to the 

specification requirements, the Government reserves the right to reject 

material or workmanship or both at any time before final acceptance of the 

structure containing the weldment. Any indication of a defect is regarded 
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as a defect, unless re-evaluation by nondestructive methods or by surface 

conditioning shows that no unacceptable defect is present. Submit all 

records of nondestructive testing in accordance with paragraph STANDARDS 

OF ACCEPTANCE. 

 

3.3.2 Destructive Tests 

 

Make all repairs when metallographic specimens are removed from any part 

of a structure. Employ only qualified welders or welding operators, and 

use the proper joints and welding procedures, including peening or heat 

treatment if required, to develop the full strength of the members and 

joints cut and to relieve residual stress. 

 

3.4 GOVERNMENT INSPECTION AND TESTING 

 

In addition to the inspection and tests performed by the Contractor for 

quality control, the Government will perform inspection and testing for 

acceptance to the extent determined by the Contracting Officer. The 

work may be performed by the Government's own forces or under a 

separate contract for inspection and testing. The Government reserves 

the right to perform supplemental nondestructive and destructive tests 

to determine compliance with paragraph STANDARDS OF ACCEPTANCE. 

 

3.5 CORRECTIONS AND REPAIRS 

 

If inspection or testing indicates defects in the weld joints, repair 

defective welds using a qualified welder or welding operator as 

applicable. Conduct corrections in accordance with the requirements of 

AWS D1.1/D1.1M[, AWS D1.8/D1.8M] and the specifications. Repair all 

defects in accordance with the approved procedures. Repair defects 

discovered between passes before additional weld material is deposited. 

Wherever a defect is removed and repair by welding is not required, blend 

the affected area into the surrounding surface to eliminate sharp notches, 

crevices, or corners. After a defect is thought to have been removed, and 

before re-welding, examine the area by suitable methods to ensure that the 

defect has been eliminated. Repaired welds must meet the inspection 

requirements for the original welds. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC) 

 

AISC 207 (2016; R 2017) Certification Standard for 

Steel Fabrication and Erection, and 

Manufacturing of Metal Components 

 

AISC 303 (2016) Code of Standard Practice for Steel 

Buildings and Bridges 

 

AISC 325 (2017) Steel Construction Manual 

 

AISC 326 (2009) Detailing for Steel Construction 

 

AISC 341 (2016) Seismic Provisions for Structural 

Steel Buildings 

 

AISC 360 (2016) Specification for Structural Steel 

Buildings 

 

AISC 420 (2010) Certification Standard for Shop 

Application of Complex Protective Coating 

Systems 

 

AISC DESIGN GUIDE 10 (1997) Erection Bracing of Low-Rise 
Structural Steel Buildings 

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT) 

ANSI/ASNT CP-189 (2016) ASNT Standard for Qualification and 

Certification of Nondestructive Testing 

Personnel (ANSI/ASNT CP-105-2006) 

 

AMERICAN WELDING SOCIETY (AWS) 

 

AWS A2.4 (2012) Standard Symbols for Welding, 

Brazing and Nondestructive Examination 

 

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 

Structural Welding Code - Steel 
 

AWS D1.8/D1.8M (2016) Structural Welding Code—Seismic 

Supplement 

 

AWS QC1 (2016) Specification for AWS Certification 

of Welding Inspectors 

 

ASME INTERNATIONAL (ASME) 

 

ASME B46.1 (2009) Surface Texture, Surface Roughness, 

Waviness and Lay 

 

ASTM INTERNATIONAL (ASTM) 
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ASTM A6/A6M (2017a) Standard Specification for General 

Requirements for Rolled Structural Steel 

Bars, Plates, Shapes, and Sheet Piling 

 

ASTM A29/A29M (2016) Standard Specification for General 

Requirements for Steel Bars, Carbon and 

Alloy, Hot-Wrought 

 

ASTM A36/A36M (2014) Standard Specification for Carbon 

Structural Steel 

 

ASTM A53/A53M (2018) Standard Specification for Pipe, 

Steel, Black and Hot-Dipped, Zinc-Coated, 

Welded and Seamless 

 

ASTM A108 (2013) Standard Specification for Steel 

Bar, Carbon and Alloy, Cold-Finished 

 

ASTM A123/A123M (2017) Standard Specification for Zinc 

(Hot-Dip Galvanized) Coatings on Iron and 

Steel Products 

 

ASTM A143/A143M (2007; R 2014) Standard Practice for 

Safeguarding Against Embrittlement of 

Hot-Dip Galvanized Structural Steel 

Products and Procedure for Detecting 

Embrittlement 

 

ASTM A193/A193M (2017) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 

Materials for High-Temperature Service and 

Other Special Purpose Applications 

 

ASTM A276/A276M (2017) Standard Specification for 

Stainless Steel Bars and Shapes 

 

ASTM A307 (2014; E 2017) Standard Specification for 

Carbon Steel Bolts, Studs, and Threaded 

Rod 60 000 PSI Tensile Strength 

 

ASTM A500/A500M (2018) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 

Steel Structural Tubing in Rounds and 

Shapes 

 

ASTM A563 (2015) Standard Specification for Carbon 

and Alloy Steel Nuts 

 

ASTM A563M (2007; R 2013) Standard Specification for 

Carbon and Alloy Steel Nuts (Metric) 

 

ASTM A668/A668M (2017) Standard Specification for Steel 

Forgings, Carbon and Alloy, for General 

Industrial Use 

 

ASTM A780/A780M (2009; R 2015) Standard Practice for 

Repair of Damaged and Uncoated Areas of 

Hot-Dip Galvanized Coatings 
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ASTM A992/A992M (2011; R 2015) Standard Specification for 

Structural Steel Shapes 

 

ASTM A1085/A1085M (2015) Standard Specification for 
Cold-Formed Welded Carbon Steel Hollow 

Structural Sections (HSS) 

ASTM B695 (2004; R 2016) Standard Specification for 

Coatings of Zinc Mechanically Deposited on 

Iron and Steel 

 

ASTM C827/C827M (2016) Standard Test Method for Change in 

Height at Early Ages of Cylindrical 

Specimens of Cementitious Mixtures 

 

ASTM C1107/C1107M (2017) Standard Specification for Packaged 

Dry, Hydraulic-Cement Grout (Nonshrink) 

 

ASTM F436/F436M (2016) Standard Specification for Hardened 

Steel Washers Inch and Metric Dimensions 

 

ASTM F844 (2007a; R 2013) Washers, Steel, Plain 

(Flat), Unhardened for General Use 

 

ASTM F959/F959M (2017a) Standard Specification for 

Compressible-Washer-Type Direct Tension 

Indicators for Use with Structural 

Fasteners, Inch and Metric Series 

 

ASTM F1136/F1136M (2011) Standard Specification for 

Zinc/Aluminum Corrosion Protective 

Coatings for Fasteners 

 

ASTM F1554 (2018) Standard Specification for Anchor 

Bolts, Steel, 36, 55, and 105-ksi Yield 

Strength 

 

ASTM F2329/F2329M (2015) Standard Specification for Zinc 

Coating, Hot-Dip, Requirements for 

Application to Carbon and Alloy Steel 

Bolts, Screws, Washers, Nuts, and Special 

Threaded Fasteners 

 

ASTM F2833 (2011; R 2017) Standard Specification for 

Corrosion Protective Fastener Coatings 

with Zinc Rich Base Coat and Aluminum 

Organic/Inorganic Type 

 

ASTM F3125/F3125M (2015a) Standard Specification for High 

Strength Structural Bolts, Steel and Alloy 

Steel, Heat Treated, 120 ksi (830 MPa) and 

150 ksi (1040 MPa) Minimum Tensile 

Strength, Inch and Metric Dimensions 

SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

 

SSPC PA 1 (2016) Shop, Field, and Maintenance 

Coating of Metals 

SSPC Paint 20 (2002; E 2004) Zinc-Rich Primers (Type I, 

Inorganic, and Type II, Organic) 
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SSPC Paint 29 (2002; E 2004) Zinc Dust Sacrificial 

Primer, Performance-Based 

 

SSPC SP 3 (1982; E 2004) Power Tool Cleaning 

 

SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning 

 

U.S. DEPARTMENT OF DEFENSE (DOD) 

 

UFC 3-301-01 (2013; with Change 4, 2018) Structural 

Engineering 

 

UFC 3-310-04 (2013; with Change 1, 2016) Seismic Design 

of Buildings 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

29 CFR Part 1926, Subpart R Steel Erection 

 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for Contractor Quality Control 

approval. When used, a designation following the "G" designation 

identifies the office that will review the submittal for the 

Government.]Submittals with an "S" are for inclusion in the Sustainability 

eNotebook, in conformance with Section 01 33 29 SUSTAINABILITY 

REPORTING.Submit the following in accordance with Section 01 33 00 

SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

 

Erection and Erection Bracing Drawings; G[, [  ]] 

SD-02 Shop Drawings 

Fabrication Drawings Including Details of Connections; G[, [  ]] 

SD-03 Product Data 

Shop Primer 

 

Welding Electrodes and Rods 

Direct Tension Indicator Washers 

Non-Shrink Grout 

Tension Control Bolts 

 

Recycled Content for Structural Steel; S 

Recycled Content for Structural Steel Tubing; S 

Recycled Content for Steel Pipe; S 

SD-05 Design Data 
 

 Shoring and Temporary Bracing; G[, [  ]] 

 

 SD-06 Test Reports 
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Class B Coating 

Bolts, Nuts, and Washers 

Weld Inspection Reports 

Direct Tension Indicator Washer Inspection Reports 

Bolt Testing Reports 

  Embrittlement Test Reports 

 

 SD-07 Certificates 

Steel 

Bolts, Nuts, and Washers 
 

 Galvanizing 

 

 Pins and Rollers 

 

 AISC Structural Steel Fabricator Quality Certification 

 

 AISC Structural Steel Erector Quality Certification 

 

 Welding Procedures and Qualifications 

Welding Electrodes and Rods 

Certified Welding Inspector 

NDT Technician 

Welding Procedure Specifications (WPS) 

 Overhead, Top Running Crane Rail Beam 

1.3 AISC QUALITY CERTIFICATION 

 

 

Work must be fabricated by an AISC Certified Structural Steel Fabricator, 

in accordance with AISC 207, Category BU. Submit AISC Structural Steel 

Fabricator quality certification. 
 
 

1.4 SEISMIC PROVISIONS 

 

Provide the structural steel system in accordance with AISC 341, Chapter 

J as amended by UFC 3-310-04. 

 

1.5 QUALITY ASSURANCE 

 

1.5.1 Preconstruction Submittals 

 

1.5.1.1 Erection and Erection Bracing Drawings 

 

Submit for record purposes. Indicate the sequence of erection, temporary 

shoring and bracing. The erection drawings must conform to AISC 303. 

Erection drawings must be reviewed, stamped and sealed by a registered 

professional engineer. 
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1.5.2 Fabrication Drawing Requirements 

 

Submit fabrication drawings for approval prior to fabrication. Prepare in 

accordance with AISC 303, AISC 326 and AISC 325. Fabrication drawings must 

not be reproductions of contract drawings. Include complete information 

for the fabrication and erection of the structure's components, including 

the location, type, and size of bolts, welds, member sizes and lengths, 

connection details, blocks, copes, and cuts. Use AWS A2.4 standard welding 

symbols. Shoring and temporary bracing must be designed and sealed by a 

registered professional engineer and submitted for record purposes, with 

calculations, as part of the drawings. Clearly highlight any deviations 

from the details shown on the contract drawings highlighted on the 

fabrication drawings. Explain the reasons for any deviations from the 

contract drawings. 
 

1.5.3 Certifications 

 

1.5.3.1 Welding Procedures and Qualifications 

 

Prior to welding, submit certification for each welder stating the type of 

welding and positions qualified for, the code and procedure qualified 

under, date qualified, and the firm and individual certifying the 

qualification tests. If the qualification date of the welder or welding 

operator is more than 6 months old, the welding operator's qualification 

certificate must be accompanied by a current certificate by the welder 

attesting to the fact that he has been engaged in welding since the date 

of certification, with no break in welding service greater than 6 months. 

 

Conform to all requirements specified in AWS D1.1/D1.1M[ and AWS D1.8/D1.8M. 
 

 

PART 2 PRODUCTS 

 

2.1 SYSTEM DESCRIPTION 

 

Provide the structural steel system, including [shop primer] 

[galvanizing], complete and ready for use. Provide structural steel 

systems including design, materials, installation, workmanship, 

fabrication, assembly, erection, inspection, quality control, and testing 

in accordance with AISC 303, AISC 360, [AISC 341, ]UFC 3-301-01 and 

UFC 3-310-04 except as modified in this contract. 
 

2.2 STEEL 

 

2.2.1 Structural Steel 

 

Wide flange and WT shapes, ASTM A992/A992M. Angles, Channels and Plates, 

ASTM A36/A36M. Provide structural steel containing a minimum of 
80 percent recycled content.Submit data identifying percentage of 

recycled content for structural steel. 

 

2.2.2 Structural Steel Tubing 

 

ASTM A500/A500M, Grade C, F=50 ksi. Provide structural steel tubing 
containing a minimum of 90 percent recycled content.Submit data identifying 
percentage of recycled content for structural steel tubing. 

 

2.2.3 Steel Pipe 

 

ASTM A53/A53M, Type E or S, Grade B, weight class STD (Standard) or as 
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indicated. Provide steel pipe containing a minimum of 50 percent recycled 

content. Submit data identifying percentage of recycled content for steel 

pipe. 

 

2.3 BOLTS, NUTS, AND WASHERS 

 

Submit the certified manufacturer's mill reports which clearly show the 

applicable ASTM mechanical and chemical requirements together with the 

actual test results for the supplied fasteners. 

 

2.3.1 Common Grade Bolts 

 

2.3.1.1 Bolts 

 

ASTM A307, Grade A, plain finish hot dipped zinc coating. The bolt heads 

and the nuts of the supplied fasteners must be marked with the 

manufacturer's identification mark, the strength grade and type specified 

by ASTM specifications. 

 

2.3.1.2 Nuts 

 

ASTM A563ASTM A563M, Grade A, heavy hex style. 

2.3.1.3 Self-Locking Nuts 

Provide nuts with a locking pin set in the nut. The locking pin must 

slide along the bolt threads, and by reversing the direction of the 

locking pin, the nut can be removed without damaging the nut or bolt. 

Provide stainless steel locking pins. 

 

2.3.1.4 Washers 

ASTM F844. 

2.3.2 High-Strength Bolts 

 

High strength bolts and nuts must be shipped together in the same shipping 

container. Fasteners indicated to be galvanized shall be tested by the 

supplier to show that the galvanized nut with the supplied lubricant 

provided may be rotated from the snug tight condition well in excess of 

the rotation required for pretentioned installation without stripping. 

The supplier shall supply nuts that have been lubricated and tested with 

the supplied bolts. 

 

2.3.2.1 Bolts 

 

ASTM F3125/F3125M, Grade A325M A325 [A490M A490], Type 1 [3] Heavy Hex 
Head Style, plain finish hot dipped zinc coating. 

 

2.3.2.2 Nuts 

 

ASTM A563M ASTM A563, Grade and Style as specified in the applicable ASTM 

bolt standard. 

 

2.3.2.3 Direct Tension Indicator Washers 

 

ASTM F959/F959M.[ Provide ASTM B695, Class 55, Type 1 galvanizing.] 

Submit product data for direct tension indicator washers. 

 

2.3.2.4 Washers 
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ASTM F436/F436M, plain carbon steel. 

 

2.3.3 Tension Control Bolts 

 

ASTM F3125/F3125M, Grade [F1852] Type 1, twistoff style assemblies 

consisting of steel structural bolts with splined ends, heavy-hex carbon 

steel nuts, and hardened carbon steel washers.  Assembly finish must be 

[plain][mechanically deposited zinc coating]. Submit product data for 

tension control bolts. 

 

2.3.4 Foundation Anchorage 

 

2.3.4.1 Anchor Rods 

 

ASTM F1554 Gr 36 Class 1A. 

 

2.3.4.2 Anchor Nuts 

 

ASTM A563 ASTM A563M, Grade A, hex style. 

 

2.3.4.3 Anchor Washers 

 

ASTM F844 

 

2.3.4.4 Anchor Plate Washers 

 

ASTM A36/A36M 
 

2.4 STRUCTURAL STEEL ACCESSORIES 

 

2.4.1 Welding Electrodes and Rods 

 

AWS D1.1/D1.1M[ and AWS D1.8/D1.8M]. Submit product data for welding 

electrodes and rods. 

 

2.4.2 Non-Shrink Grout 

 

ASTM C1107/C1107M, with no ASTM C827/C827M shrinkage.[ Grout must be 

nonmetallic.] Submit product data for non-shrink grout. 
 

2.5 GALVANIZING 

 

ASTM F2329/F2329M, ASTM F1136/F1136M, ASTM F2833 or ASTM B695 for threaded 
parts or ASTM A123/A123M for structural steel members, as applicable, 

unless specified otherwise galvanize after fabrication where practicable. 

 

2.6 FABRICATION 

 

Fabrication must be in accordance with the applicable provisions of AISC 325.

 Fabrication and assembly must be done in the shop to the greatest extent 

possible. Punch, subpunch and ream, or drill bolt [and pin] holes 

perpendicular to the surface of the member. 

 

Compression joints depending on contact bearing must have a surface 

roughness not in excess of 13 micrometer 500 micro inch as determined by 

ASME B46.1, and ends must be square within the tolerances for milled ends 

specified in ASTM A6/A6M. 

 

Shop splices of members between field splices will be permitted only where 

indicated on the Contract Drawings. Splices not indicated require the 
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approval of the Contracting Officer. 

 

2.6.1 Markings 

 

Prior to erection, identify members by a painted erection mark. 

Connecting parts assembled in the shop for reaming holes in field 

connections must be match marked with scratch and notch marks. Do not 

locate erection markings on areas to be welded. Do not locate match 

markings in areas that will decrease member strength or cause stress 

concentrations.[Affix embossed tags to hot-dipped galvanized members.] 

 

2.6.2 Shop Primer 

 

SSPC Paint 20 or SSPC Paint 29, (zinc rich primer). Shop prime structural 

steel, except as modified herein, in accordance with SSPC PA 1. Do not 

prime steel surfaces embedded in concrete, galvanized surfaces,[ surfaces 

to receive sprayed-on fireproofing, or surfaces within 13 mm 0.5 inch of 

the toe of the welds prior to welding (except surfaces on which metal 

decking is to be welded). If flash rusting occurs, re-clean the surface 

prior to application of primer. Apply primer [in accordance with 

endorsement "SPE-P1"["SPE-P2"]["SPE-P3"] of AISC 420 or approved equal 

NACE or SSPC certification] [  ]to a minimum dry 

film thickness of 0.05 mm 2.0 mil. Submit shop primer product data. 

 

Prime slip critical surfaces with a Class B coating in accordance with 

AISC 325. Submit test report for Class B coating. 

 

Prior to assembly, prime surfaces which will be concealed or inaccessible 

after assembly. Do not apply primer in foggy or rainy weather; when the 

ambient temperature is below 7 degrees C or over 35 degrees C 45 degrees F 

or over 95 degrees F; or when the primer may be exposed to temperatures 

below 4 degrees C 40 degrees F within 48 hours after application, unless 

approved otherwise by the Contracting Officer. Repair damaged primed 

surfaces with an additional coat of primer. 

 

2.6.2.1 Cleaning 

 

SSPC SP 6/NACE No.3, except steel exposed in spaces above ceilings, attic 

spaces, furred spaces, and chases that will be hidden to view in finished 

construction may be cleaned to SSPC SP 3 when recommended by the shop 

primer manufacturer. Maintain steel surfaces free from rust, dirt, oil, 

grease, and other contaminants through final assembly. 

 

2.6.3 [Fireproofing] Coated Surfaces 

 

Clean and prepare surfaces to receive [sprayed-on fireproofing] 

coatings in accordance with the manufacturer's recommendations, and as 

specified in Section 07 81 00 SPRAY-APPLIED FIREPROOFING. 

 

2.6.4 Surface Finishes 

 

ASME B46.1 maximum surface roughness of 125 for pin, pinholes, and sliding 

bearings, unless indicated otherwise. 

 

2.7 DRAINAGE HOLES 

 

Drill adequate drainage holes to eliminate water traps. Hole diameter 

must be 13 mm 1/2 inch and location indicated on the detail drawings. 

Hole size and locations must not affect the structural integrity. 
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PART 3 EXECUTION 

 

3.1 ERECTION 

 

a. Erection of structural steel, except as indicated in item b. below, 

must be in accordance with the applicable provisions of AISC 325, 

AISC 303 and 29 CFR Part 1926, Subpart R. 

 

b. For low-rise structural steel buildings (18 m 60 feet tall or less and 

a maximum of 2 stories), erect the structure in accordance with 

AISC DESIGN GUIDE 10. 
 

After final positioning of steel members, provide full bearing under base 

plates and bearing plates using nonshrink grout. Place nonshrink grout in 

accordance with the manufacturer's instructions. 

 

3.1.1 STORAGE 

 

Store the material out of contact with the ground in such manner and 

location as to minimize deterioration. 

 

3.2 CONNECTIONS 

 

Except as modified in this section, design connections indicated in 

accordance with AISC 360. Build connections into existing work. Do not 

tighten anchor bolts set in concrete with impact torque wrenches.  Holes 

must not be cut or enlarged by burning. Bolts, nuts, and washers must be 

clean of dirt and rust, and lubricated immediately prior to installation. 

 

3.2.1 Common Grade Bolts 

 

Tighten ASTM A307 bolts to a "snug tight" fit. "Snug tight" is the 

tightness that exists when plies in a joint are in firm contact. If firm 

contact of joint plies cannot be obtained with a few impacts of an impact 

wrench, or the full effort of a man using a spud wrench, contact the 

Contracting Officer for further instructions. 

 

3.2.2 High-Strength Bolts 

 

Provide direct tension indicator washers in all ASTM F3125/F3125M, Grade 

A325M A325 and Grade A490M A490 bolted connections. Bolts must be 

installed in connection holes and initially brought to a snug tight fit. 

After the initial tightening procedure, fully tension bolts, progressing 

from the most rigid part of a connection to the free edges. 

 

Fastener components shall be protected from dirt and moisture in closed 

containers at the site of the installation. Fastener components that are 

not incorporated into the work shall be returned to protected storage at 

the end of the work shift. 

 

3.2.2.1 Installation of Direct Tension Indicator Washers (DTIW) 

 

Where possible, install the DTIW under the bolt head and tighten the nut. 

If the DTIW is installed adjacent to the turned element, provide a flat 

washer between the DTIW and nut when the nut is turned for tightening, and 

between the DTIW and bolt head when the bolt head is turned for 

tightening. In addition to the LIW, provide flat washers under both the 

bolt head and nut when ASTM F3125/F3125M, Grade A490M A490 bolts are used. 

 

3.2.3 Tension Control Bolts 
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Bolts must be installed in connection holes and initially brought to a 

snug tight fit. After the initial tightening procedure, fully tension 

bolts, progressing from the most rigid part of a connection to the free 

edges. 

 

3.3 GAS CUTTING 

 

Use of gas-cutting torch in the field for correcting fabrication errors is 

not permitted on any major member in the structural framing. Use of a gas 

cutting torch will be permitted on minor members not under stress only 

after approval has been obtained from the Contracting Officer. 

 

3.4 WELDING 

 

Welding must be in accordance with AWS D1.1/D1.1M[ and AWS D1.8/D1.8M].[ 

Grind exposed welds smooth as indicated.] Provide AWS D1.1/D1.1M 

qualified welders, welding operators, and tackers. 

 

Develop and submit the Welding Procedure Specifications (WPS) for all 

welding, including welding done using prequalified procedures. Submit for 

approval all WPS, whether prequalified or qualified by testing. 

 

3.4.1 Removal of Temporary Welds, Run-Off Plates, and Backing Strips 

 

Remove only from finished areas 

 

3.5 SHOP PRIMER REPAIR 

 

Repair shop primer in accordance with the paint manufacturer's 

recommendation for surfaces damaged by handling, transporting, cutting, 

welding, or bolting. 

 

3.5.1 Field Priming 

 

Field prime steel exposed to the weather, or located in building areas 

without HVAC for control of relative humidity. After erection, the field 

bolt heads and nuts, field welds, and any abrasions in the shop coat must 

be cleaned and primed with paint of the same quality as that used for the 

shop coat. 

3.6 GALVANIZING REPAIR 

 

Repair damage to galvanized coatings using ASTM A780/A780M zinc rich paint 

for galvanizing damaged by handling, transporting, cutting, welding, or 

bolting. Do not heat surfaces to which repair paint has been applied. 

 

3.7 FIELD QUALITY CONTROL 

 

Perform field tests, and provide labor, equipment, and incidentals 

required for testing[, except that electric power for field tests will be 

furnished as set forth in Division 1]. Notify the Contracting Officer in 

writing of defective welds, bolts, nuts, and washers within 7 working days 

of the date of the inspection. 

 

3.7.1 Welds 

 

3.7.1.1 Visual Inspection 

 

AWS D1.1/D1.1M. Furnish the services of AWS-certified welding inspectors 

for fabrication and erection inspection and testing and verification 

inspections. A Certified Welding Inspector must perform visual inspection 
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on 100 percent of all welds. Document this inspection in the Visual Weld 

Inspection Log. Submit certificates indicating that certified welding 

inspectors meet the requirements of AWS QC1. 

 

Inspect proper preparation, size, gaging location, and acceptability of 

all welds; identification marking; operation and current characteristics 

of welding sets in use. 

 

3.7.1.2 Nondestructive Testing 
 

Nondestructive testing must be in accordance with AWS D1.1/D1.1M[ and 
AWS D1.8/D1.8M]. Ultrasonic testing must be performed in accordance with 

Table [6.2] [or 6.3] of AWS D1.1/D1.1M. Test locations must be [as 

indicated][selected by the Contracting Officer]. All personnel performing 

NDT must be certified in accordance with ANSI/ASNT CP-189 in the method of 

testing being performed. Submit certificates showing compliance with 

ANSI/ASNT CP-189 for all NDT technicians. If more than [20] [  ] 

percent of welds made by a welder contain defects identified by testing, 

then all groove welds made by that welder must be tested by ultrasonic 

testing, and all fillet welds made by that welder must be inspected by 

magnetic particle testing (MT) or dye penetrant testing (PT) as approved 

by the Contracting Officer. When groove welds made by an individual 

welder are required to be tested, magnetic particle or dye penetrant 

testing may be used only in areas inaccessible to ultrasonic testing. 

Retest all repaired areas. Submit weld inspection reports. 
 

Testing frequency: Provide the following types and number of tests: 

 

Test Type Number of Tests 

Ultrasonic [  ]50 percent of CJP Welds 

Magnetic Particle [  ]50 percent of PJP and 

Fillet Welds 

Dye Penetrant [  ]50 percent of PJP and 

Fillet Welds 

[  ] [  ] 

 

3.7.2 Direct Tension Indicator Washers 

 

3.7.2.1 Direct Tension Indicator Washer Compression 

 

Test direct tension indicator washers in place to verify that they have 

been compressed sufficiently to provide the 0.38 mm 0.015 inch gap, as 

required by ASTM F959/F959M. Submit direct tension indicator washer 

inspection reports. 

 

3.7.2.2 Direct Tension Indicator Gaps 

 

In addition to the above testing, an independent testing agency as 

approved by the Contracting Officer, must test in place the direct tension
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indicator gaps on 20 percent of the installed direct tension indicator 

washers to verify that the ASTM F959/F959M direct tension indicator gaps 

have been achieved. If more than 10 percent of the direct tension 

indicators tested have not been compressed sufficiently to provide the 

average gaps required by ASTM F959/F959M, test all in place direct tension 

indicator washers to verify that the ASTM F959/F959M direct tension 

indicator gaps have been achieved. Test locations must be selected by the 

Contracting Officer. 

 

3.7.3 High-Strength Bolts 

 

3.7.3.1 Testing Bolt, Nut, and Washer Assemblies 

 

Test a minimum of [3] [  ] bolt, nut, and washer assemblies from each 

mill certificate batch in a tension measuring device at the job site prior 

to the beginning of bolting start-up.Demonstrate that the  bolts  and 

nuts, when used together, can develop tension not less than the provisions 

specified in AISC 360, depending on bolt size and grade. The bolt tension 

must be developed by tightening the nut. A representative of the 

manufacturer or supplier must be present to ensure that the fasteners are 

properly used, and to demonstrate that the fastener assemblies supplied 

satisfy the specified requirements. Submit bolt testing reports. 

 

3.7.3.2 Inspection 

 

Inspection procedures must be in accordance with AISC 360. Confirm and 

report to the Contracting Officer that the materials meet the project 

specification and that they are properly stored. Confirm that the faying 

surfaces have been properly prepared before the connections are 

assembled. Observe the specified job site testing and calibration, and 

confirm that the procedure to be used provides the required tension. 

Monitor the work to ensure the testing procedures are routinely followed 

on joints that are specified to be fully tensioned. 

 

Inspect calibration of torque wrenches for high-strength bolts. 

 

3.7.3.3 Testing 

 

The Government has the option to perform nondestructive tests on [5] 
[  ] percent of the installed bolts to verify compliance with pre-load 

bolt tension requirements. Provide the required access for the Government 

to perform the tests. The nondestructive testing will be done in-place 

using an ultrasonic measuring device or any other device capable of 

determining in-place pre-load bolt tension. The test locations must be 

selected by the Contracting Officer. If more than [10] [  ] percent of 

the bolts tested contain defects identified by testing, then all bolts 

used from the batch from which the tested bolts were taken, must be tested 

at the Contractor's expense.Retest new bolts after installation at the 

Contractor's expense. 

 

3.7.4 Testing for Embrittlement 

 

ASTM A143/A143M for steel products hot-dip galvanized after fabrication. 

Submit embrittlement test reports. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN WELDING SOCIETY (AWS) 

 

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel 

ASTM INTERNATIONAL (ASTM) 

ASTM A36/A36M (2014) Standard Specification for Carbon 

Structural Steel 

 

INTERNATIONAL CODE COUNCIL (ICC) 

 

ICC IBC  (2018) International Building Code 

SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

SSPC PA 1 (2016) Shop, Field, and Maintenance 

Coating of Metals 

 

SSPC Paint 15 (1999; E 2004) Steel Joist Shop Primer 

 

SSPC SP 2 (1982; E 2000; E 2004) Hand Tool Cleaning 

STEEL JOIST INSTITUTE (SJI) 

SJI COMPOSITE JOISTS (2007; Supplement 1 2010) Standard 
Specifications for Composite Steel Joist 

Catalog 

 

SJI LOAD TABLES (2010; Errata 1 2011; Errata 2 2012) 42nd 
Edition Catalog of Standard Specifications 

Load Tables and Weight Tables for Steel 

Joists and Joist Girders 

 

SJI MANUAL (2009) 80 Years of Open Web Steel Joist 

Construction 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

29 CFR 1926 Safety and Health Regulations for 

Construction 

 

29 CFR 1926.756 Steel Erection; Beams and Columns 

 

29 CFR 1926.757 Steel Erection; Open Web Steel Joists 

 

1.2 SUBMITTALS 

 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for [Contractor Quality 

Control approval] [information only. When used, a designation following 
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the "G" designation identifies the office that will review the submittal 

for the Government]. Submittals with an "S" are for inclusion in the 

Sustainability eNotebook, in conformance to Section 01 33 29 

SUSTAINABILITY REPORTING. Submit the following in accordance with Section 

01 33 00 SUBMITTAL PROCEDURES: 

 

SD-01 Preconstruction Submittals 

Welder Qualification 

SD-02 Shop Drawings 
 

Steel Joist Framing; G 

SD-03 Product Data 

Recycled Content Of Steel Products; S 

SD-05 Design Data 

Design Calculations; G 

SD-06 Test Reports 

 

Erection Inspection 

Welding Inspections 

 

SD-07 Certificates 

Certification of Compliance 

 

1.3 QUALITY ASSURANCE 

 

Perform all work in compliance with the requirements set forth in 

29 CFR 1926. 

 

1.3.1 Drawing Requirements 

 

Submit drawings of steel joist framing including fabrication, 

specifications for shop painting, and identification markings of joists 

[and joist girders]. Show joist type and size, layout in plan, all 

applicable loads, deflection criteria, and erection details including 

methods of anchoring, framing at openings, type, size, and location and 

connections for and spacing of bridging, requirements for field welding, 

and details of accessories as applicable. [Show profiles for nonstandard 

joist configurations.][Show steel joist field splice locations and 

details.] 

 

1.3.2 Certification of Compliance 

 

Prior to construction commencement, submit certification for welder 

qualification, in compliance with AWS D1.1/D1.1M, welding operation, and 

tacker, stating the type of welding and positions qualified for, the code 

and procedure qualified under, date qualified, and the firm and individual 

certifying the qualification tests. Submit certification of compliance 

for the following: 

 

a. SJI MANUAL 
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[a][b]. Steel Joist Institute Member Fabricator 

[b][c]. 29 CFR 1926 

[c][d]. 29 CFR 1926.757 

 

[d][e]. Statement from steel joist manufacturer, that work was performed 

in accordance with approved construction documents and with SJI 

standard specifications, in accordance with ICC IBC Section 1704.2.5.2. 

 

1.4 DELIVERY, STORAGE, AND HANDLING 

 

Handle, transport, and store joists in a manner to prevent damage 

affecting their structural integrity. Verify piece count of all joist 

products upon delivery and inspect all joists products for damage. 

Report any damage to the joist supplier. Store all items off the ground 

in a well drained location protected from the weather and easily 

accessible for inspection and handling. Store joists with top chord down 

and with joists in a vertical position. Store deep joists horizontally 

if they were shipped on their sides. 

 

PART 2 PRODUCTS 

 

2.1 SYSTEM DESCRIPTION 

 

Designate steel joists on the drawings in accordance with the standard 

designations of the Steel Joist Institute. Joists of other standard 

designations or joists with properties other than those shown may be 

substituted for the joists designated provided the structural properties 

are equal to or greater than those of the joists shown and provided all 

other specified requirements are met. 

 

2.2 STEEL JOISTS 

 

Provide steel joists conforming to SJI LOAD TABLES. Design joists 

designated K, KCS, LH and DLH to support the loads given in the applicable 

standard load tables of SJI LOAD TABLES. Submit design calculations for 

special steel joists, net uplift loads, non-SJI standard details, and 

field splices. Include cover letter signed and sealed by the joist 

manufacturer's registered design professional. 

 

2.2.1 Steel Joist Camber 

 

Camber joists according to SJI LOAD TABLES 

 

2.2.2 Special Steel Joists 

 

 

Provide special joists and connections capable of withstanding the design 

loads indicated with a live-load deflection less than L/360 for roof 

joists. 

2.2.3 Steel Joist Substitutes and Outriggers 

 

Provide joist substitutes and outriggers conforming to SJI LOAD TABLES 

with steel angle or channel members. 
 
 

2.3 RECYCLED CONTENT 

 

Provide products with an average recycled content of steel products of 

postconsumer recycled content plus one half of preconsumer recycled 
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content not less than 25 percent. 

 

2.4 ACCESSORIES AND FITTINGS 

 

2.4.1 Bridging 

 

Provide bridging of material, size, and type required by SJI LOAD TABLES 

for type of joist, chord size, spacing and span. Furnish additional 

erection bridging if required for stability. 

 

2.4.2 Bearing Plates 

 

Fabricate steel bearing plats from ASTM A36/A36M steel of size and 

thickness indicated. 

 

2.4.3 Ceiling Extensions 

 

Furnish ceiling extensions, either bottom-chord elements or a separate 

extension unit of enough strength to support ceiling construction. Extend 

ends to within 13 mm 1/2 inch of finished wall surface unless otherwise 

indicated. 

 

2.5 SHOP PAINTING 

 

SSPC Paint 15. Shop prime joists, except as modified herein, in 

accordance with SSPC PA 1. Clean joists in accordance with SSPC SP 2 

before priming.  [Do not prime joists to receive sprayed-on 

fireproofing.] If flash rusting occurs, re-clean the surface prior to 

application of primer. For joists which require finish painting under 

Section 09 90 00 PAINTS AND COATINGS, the primer paint must be 

compatible with the finish paint. 

 

PART 3 EXECUTION 

 

3.1 ERECTION 

 

 

Install joists [and joist girders] in conformance with SJI LOAD TABLES for 

the joist series indicated, and the requirements of 29 CFR 1926 and 

29 CFR 1926.757[ and 29 CFR 1926.756].  Handle and set joists [and joist 

girders] avoiding damage to the members.  Place the "tag end" of joists as 

shown on the joists placement plans. Ensure that square-end joists are 

erected right side up. Distribute temporary loads so that joist capacity 

is not exceeded. Remove damaged joists from the site, except when field 

repair is approved and such repairs are satisfactorily made in accordance 

with the manufacturer's recommendations. Do not repair, field modify, or 

alter any joists without specific written instructions from the Designer 

of Record and/or joist manufacturer. 

 

Install and connect bridging concurrently with joist erection, before 

construction loads are applied. Do not apply loads to bridging. Anchor 

ends of bridging lines at top and bottom chords if terminating at walls or 

beams. Do not cut away vertical leg of bridging where bridging makes an 

elevation transition; weld a separate piece of bridging at the 

transition. Perform all welding in accordance with AWS D1.1/D1.1M. 
 
 

3.2 PAINTING 

 

3.2.1 Touch-Up Painting 
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After erection of joists [and joist girders], touch-up connections and 

areas of abraded shop coat with paint of the same type used for the shop 

coat. 

 

3.2.2 Field Painting 

 

Paint joists [and joist girders] requiring a finish coat in conformance 

with the requirements of Section 09 90 00 PAINTS AND COATINGS. 

 

3.3 VISUAL INSPECTIONS 

 

Perform the following visual inspections: 

 

a. Verify that all joists are spaced properly. 

 

b. Verify that there is sufficient joist bearing on steel beams, 

concrete, and masonry. 

 

c. Verify all bridging lines are properly spaced and anchored. 

 

d. Verify that damage has not occurred to the joists during erection. 

 

e. Verify the joists are aligned vertically and there is no lateral 

sweep in the joists. 

 

f. Where concentrated loads are present on the joists verify that they 

are located in accordance with the joists placement plan. 

 

g. Verify welding of bridging and joist seats in accordance with AWS 

D1.1/D1.1M, Section 6. Perform erection inspection and field 

welding inspections with AWS certified welding inspectors. 

 

h. Verify proper bolting of diagonal bridging and joist seats where the 

bolts are snug-tight. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN IRON AND STEEL INSTITUTE (AISI) 

 

AISI D100 (1991; R 2008) Cold-Formed Steel Design 

Manual 

 

AMERICAN WELDING SOCIETY (AWS) 

 

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 

Structural Welding Code - Steel 
 

AWS D1.3/D1.3M (2018) Structural Welding Code - Sheet 

Steel 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM A36/A36M (2014) Standard Specification for Carbon 

Structural Steel 

 

ASTM A123/A123M (2017) Standard Specification for Zinc 

(Hot-Dip Galvanized) Coatings on Iron and 

Steel Products 

 

ASTM A653/A653M (2018) Standard Specification for Steel 

Sheet, Zinc-Coated (Galvanized) or 

Zinc-Iron Alloy-Coated (Galvannealed) by 

the Hot-Dip Process 

 

ASTM A780/A780M (2009; R 2015) Standard Practice for 

Repair of Damaged and Uncoated Areas of 

Hot-Dip Galvanized Coatings 

 

ASTM A792/A792M (2010) Standard Specification for Steel 

Sheet, 55% Aluminum-Zinc Alloy-Coated by 

the Hot-Dip Process 

 

ASTM A1008/A1008M (2016) Standard Specification for Steel, 

Sheet, Cold-Rolled, Carbon, Structural, 

High-Strength Low-Alloy, High-Strength 

Low-Alloy with Improved Formability, 

Solution Hardened, and Bake Hardenable 

 

ASTM C423 (2009a) Sound Absorption and Sound 

Absorption Coefficients by the 

Reverberation Room Method 

 

ASTM D746 (2014) Standard Test Method for 
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Brittleness Temperature of Plastics and 

Elastomers by Impact 

 

ASTM D1056 (2014) Standard Specification for Flexible 

Cellular Materials - Sponge or Expanded 

Rubber 

 

ASTM D1149 (2007; R 2012) Standard Test Method for 

Rubber Deterioration - Surface Ozone 

Cracking in a Chamber 

 

ASTM E84 (2018a) Standard Test Method for Surface 

Burning Characteristics of Building 

Materials 

 

FM GLOBAL (FM) 

 

FM APP GUIDE (updated on-line) Approval Guide 

http://www.approvalguide.com/ 

 

FM DS 1-28R (1998) Data Sheet: Roof Systems 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 

TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 

TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 

TIA 17-11; TIA 17-12; TIA 17-13; TIA 

17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 
National Electrical Code 

SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

SSPC Paint 20 (2002; E 2004) Zinc-Rich Primers (Type I, 

Inorganic, and Type II, Organic) 
 

STEEL DECK INSTITUTE (SDI) 

 

ANSI/SDI C (2017) Standard for Composite Steel Floor 

Deck - Slabs 

 

ANSI/SDI NC (2017) Standard for Non-Composite Steel 

Floor Deck 

 

ANSI/SDI QA/QC (2017) Standard for Quality Control and 

Quality Assurance for Installation of 

Steel Deck 

 

ANSI/SDI RD (2017) Standard for Steel Roof Deck 

 

SDI DDM04 (2015; Errata 1-3 2016; Add 1 2015; Add 2 
20162006) Diaphragm Design Manual; 4th 

Edition 

 

SDI DDP (1987; R 2000) Deck Damage and Penetrations 

 

SDI MOC3 (2016) Manual of Construction with Steel 

Deck (3rd Edition) 
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U.S. DEPARTMENT OF DEFENSE (DOD) 

 

UFC 3-301-01 (2013; with Change 4, 2018) Structural 

Engineering 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

29 CFR 1926 Safety and Health Regulations for 

Construction 

 

UNDERWRITERS LABORATORIES (UL) 

 

UL 209 (2011; Reprint May 2016) UL Standard for 

Safety Cellular Metal Floor Raceways and 

Fittings 

 

UL 580 (2006; Reprint Nov 2018Mar 2019) UL 
Standard for Safety Tests for Uplift 

Resistance of Roof Assemblies 

 

UL Fire Resistance (2014) Fire Resistance Directory 

 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation for information only. When used, 

a designation following the "G" designation identifies the office that 

will review the submittal for the Government. Submittals with an "S" are 

for inclusion in the Sustainability eNotebook, in conformance to Section 

01 33 29, SUSTAINABITY REPORTING. Submit the following in accordance with 

Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

 

Fabrication Drawings; G 
 

SD-03 Product Data 

Accessories 

Deck Units 

Galvanizing Repair Paint 

 

 Mechanical Fasteners 

 

Touch-Up Paint 
 

Sound Absorbing Materials 

Welding Equipment 

Welding Rods and Accessories 

Recycled Content of Steel Products; S 

SD-04 Samples 
 

Metal Roof Deck Units 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 05 30 00 Page 6 

 

 

 

Flexible Closure Strips 

Acoustical Material 

 

SD-07 Certificates 

 

Powder-Actuated Tool Operator 

Welder Qualifications 

Welding Procedures 

Fire Safety 

Wind Storm Resistance 

Manufacturer's Certificate 

1.3 QUALITY ASSURANCE 
 

1.3.1 Deck Units 

 

Furnish deck units and accessory products from a manufacturer regularly 

engaged in manufacture of steel decking. Provide manufacturer's 

certificates attesting that the decking material meets the specified 

requirements. 

 

1.3.2 Certification of Powder-Actuated Tool Operator 

 

Provide manufacturer's certificate attesting that the operators are 

authorized to use the low velocity powder-actuated tool. 

 

1.3.3 Qualifications for Welding Work 

 

Follow Welding Procedures of AWS D1.3/D1.3M for sheet steel and 

AWS D1.1/D1.1M for stud welding. 

Submit qualified Welder Qualifications in accordance with AWS D1.3/D1.3M 

for sheet steel and AWS D1.1/D1.1M for stud welding, or under an 

equivalent approved qualification test. Perform tests on test pieces in 

positions and with clearances equivalent to those actually encountered. 

Test specimens shall be made in the presence of Contracting Officer and 

shall be tested by an approved testing laboratory at the Contractor's 

expense. If a test weld fails to meet requirements, perform an immediate 

retest of two test welds until each test weld passes. Failure in the 

immediate retest will require the welder be retested after further 

practice or training, performing a complete set of test welds. 

 

Submit manufacturer's catalog data for Welding Equipment and Welding Rods 

and Accessories. 

1.3.4 Regulatory Requirements 

 

1.3.4.1 Fire Safety 

 

Test roof deck as a part of a roof deck construction assembly of the type 

used for this project, listing as fire classified in the UL Fire Resistance, 

or listing as Class I construction in the FM APP GUIDE, and so labeled. 

 

1.3.4.2 Wind Storm Resistance 
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Provide roof construction assembly capable of withstanding a nominal 

uplift pressure as indicated in the drawings 

 

1.3.5 Fabrication Drawings 

 

Show type and location of units, location and sequence of connections, 

bearing on supports, methods of anchoring, attachment of accessories, 

adjusting plate details, cant strips, ridge and valley plates, metal 

closure strips, size and location of holes to be cut and reinforcement to 

be provided, the manufacturer's erection instructions and othepertinent 

details. 

 

1.4 DELIVERY, STORAGE, AND HANDLING 

 

Deliver deck units to the site in a dry and undamaged condition. Store 

and handle steel deck in a manner to protect it from corrosion, 

deformation, and other types of damage. Do not use decking for storage or 

as working platform until units have been fastened into position. 

Exercise care not to damage material or overload decking during 

construction. The maximum uniform distributed storage load must 

notexceed the design live load. Stack decking on platforms or 

pallets and cover with weathertight ventilated covering. Elevate one 

end during storage to provide drainage. Maintain deck finish at all 

times to prevent formation of rust. Repair deck finish using touch- 

up paint. Replace damaged material. 

 

1.5 DESIGN REQUIREMENTS FOR ROOF DECKS 

 

1.5.1 Properties of Sections 

 

Properties of metal roof deck sections must comply with engineering design 

width as limited by the provisions of AISI D100. 

 

1.5.2 Allowable Loads 

 

Indicate total uniform dead and live load for detailing purposes. 

 

PART 2 PRODUCTS 

 

2.1 DECK UNITS 

 

Submit manufacturer's design calculations, or applicable published 

literature for the structural properties of the proposed deck units. 

 

Provide products with an average recycled content of steel products so 

postconsumer recycled content plus one half of preconsumer recycled 

content not less than 25 percent. 
 

2.1.1 Roof Deck 

 

Conform to ASTM A792/A792M or ASTM A1008/A1008M for deck used in 

conjunction with insulation and built-up roofing. Fabricate roof deck 

units as indicated in the drawings. Furnish sample of Metal Roof Deck 

Units used to illustrate actual cross section dimensions and 

configurations. 

 
2.1.2 Length of Deck Units 

 

Provide deck units of sufficient length to span three or more spacings 
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where possible. 

 

2.1.3 Shop Priming 

 

Shop prime accessories and underside of deck at the factory after 

coating. Clean surfaces in accordance with the manufacturer's standard 

procedure followed by a spray, dip or roller coat of rust-inhibitive 

primer, oven cured. 

 

2.1.4 Touch-Up Paint 

 

Provide a high zinc-dust content paint for regalvanizing welds in 

galvanized steel conforming to ASTM A780/A780M. 

 

Provide touch-up paint for shop-painted units of the same type used for 

the shop painting, and touch-up paint for zinc-coated units of an 

approved galvanizing repair paint with a high-zinc dust content.Touch-up 

welds with paint conforming to SSPC Paint 20 in accordance with ASTM 

A780/A780M. Maintain finish of deck units and accessories by using 

touch-up paint whenever necessary to prevent the formation of rust. 

 

2.2 ACCESSORIES 

 

Provide accessories of same material as deck, unless specified otherwise. 

Provide manufacturer's standard type accessories, as specified. 

 

2.2.1 Adjusting Plates 

 

Provide adjusting plates, or segments of deck units, of same thickness and 

configuration as deck units in locations too narrow to accommodate full 

size units. Provide factory cut plates of predetermined size where 

possible. 

 

2.2.2 End Closures 

 

Fabricated of sheet metal by the deck manufacturer. Provide end closures 

minimum 0.75 mm 0.0295 inch thick to close open ends at parapets,end 

walls, eaves, and openings through deck. 

 

2.2.3 Partition Closures 

 

Provide closures for closing voids above interior walls and partitions 

that are perpendicular to the direction of the configurations. Provide 

rubber, plastic, or sheet steel closures above typical partitions. Provide 

minimum one inch thick soft composition rubber closures above walls and 

partitions contiguous to acoustical steel deck. Provide sheet steel 

closures above fire-resistant interior walls and partitions located on 

both sides of wall or partition. Provide glass fiber blanket insulation in 

the space between pairs of closures at acoustical partitions. 

 

2.2.4 Flexible Closure Strips for Roof Decks 

 

Provide strips made of vulcanized, closed-cell, synthetic rubber material 

specified and premolded to the configuration required to provide 

tight-fitting closures at open ends and sides of steel roof decking. 

Furnish one sample of each type Flexible Closure Strips, 300 millimeter 

12 inch long. 
 

Conforming to ASTM D1056, Grade 2A1, with the following additional 

properties: 
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Brittleness temperature of minus 40 degrees C minus 40 degrees F when 

tested in accordance with ASTM D746. 

 

Flammability resistance with a flame spread rating of less than 25 

when tested in accordance with ASTM E84. 

 

Resistance to ozone must be "no cracks" after exposure of a sample 

kept under a surface tensile strain of 25 percent to an ozone 

concentration of 100 parts per million of air by volume in air for 100 

hours at 40 degrees C 104 degrees F and tested in accordance with 

ASTM D1149. 
 

Provide a elastomeric type adhesive as recommended by the manufacturer 

of the flexible closure strips. 

2.2.5 Sheet Metal Collar 

 

Where deck is cut for passage of pipes, ducts, columns, etc., and deck is 

to remain exposed, provide a neatly cut sheet metal collar to cover edges 

of deck. Do not cut deck until after installation of supplemental 

supports. 

 

2.2.6 Cover Plates 

 

Sheet metal to close panel edge and end conditions, and where panels  

change direction or butt. Polyethylene-coated, self-adhesive, 50 mm 2 inch 

wide joint tape may be provided in lieu of cover plates on flat-surfaced 

decking butt joints. 

 

2.2.7 Roof Sump Pans 

 

Sump pans must be provided for roof drains and must be minimum 2 mm 0.075 

inch thick steel, flat type. Shape sump pans to meet roof slope by the 

supplier or by a sheet metal specialist. Provide bearing flanges of 

sump pans to overlap steel deck a minimum of 75 mm 3 inch. 

Shape, size, and reinforce the opening in bottom of the sump pan to 

receive roof drain. 

 

2.2.8 Column Closures 

 

Sheet metal, minimum 0.85 mm 0.0358 inch thick or metal rib lath. 

 

2.2.9 Access Hole Covers 

 

Sheet metal, minimum 1.2 mm 0.0474 inch thick. 

 

2.2.10 Hanger 

 

Provide clips or loops for utility systems and suspended ceilings of one 

or more of the following types: 

 

a. Lip tabs or integral tabs where noncellular decking or flat plate of 

cellular section is 1.2 mm 0.0474 inch thick or more, and a structural 

concrete fill is used over deck. 

 

b. Slots or holes punched in decking for installation of pigtails. 

 
c. Tabs driven from top side of decking and arranged so as not to pierce 

electrical cells. 
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d. Decking manufacturer's standard as approved by the Contracting Officer. 

 

2.2.11 Cant Strips for Roof Decks 

 

Fabricate cant strips from the specified commercial-quality steel sheets 

not less than nominal 0.91 millimeter 0.0358 inch thick before  

galvanizing. Bend strips to form a 45-degree cant not less than 125 

millimeter 5 inch wide, with top and bottom flanges a minimum 75 millimeter 

3 inch wide. Length of strips 3000 millimeter 10 feet. 
 

2.2.12 Ridge and Valley Plates for Roof Decks 

 

Fabricate plates from the specified structural-quality steel sheets, not 

less than nominal 0.91 millimeter 0.0358 inch thick before galvanizing. 

Provide plates of minimum 120 millimeter 4-1/2 inch wide and bent to 

provide tight fitting closures at ridges and valleys. Provide a minimum 

length of ridge and valley plates of 3000 millimeter 10 feet. 

 

2.2.13 Metal Closure Strips for Roof Decks 

 

Fabricate strips from the specified commercial-quality steel sheets not 

less than nominal 0.91 millimeter 0.0358 inch thick before galvanizing. 

Provide strips from the configuration required to provide tight-fitting 

closures at open ends and sides of steel roof decking. 

 

2.2.14 Galvanized Steel Angles for Roof Decks 

 

Provide hot-rolled carbon steel angles conforming to ASTM A36/A36M, and 

hot-dip galvanized in accordance with ASTM A123/A123M. 

 

2.2.15 Sound Absorbing Material 

 

Provide glass fiber in roll or premolded form for acoustical noncellular 

steel roof deck and glass fiber rigid strip for acoustical cellular steel 

deck in accordance with the manufacturer's standards. Provide a sample of 

acoustical material to be used. 

 

2.2.16 Mechanical Fasteners 

 

Provide mechanical fasteners, such as powder actuated fasteners, 

pneumatically driven fasteners or self-drilling screws, for anchoring the 

deck to structural supports and adjoining units as indicated. 

 

2.2.17 Miscellaneous Accessories 

 

Furnish the manufacturer's standard accessories to complete the deck 

installation. Furnish metal accessories of the same material as the deck 

and with the minimum design thickness as follows: saddles, 1.204 mm 0.0474 

inch welding washers, 1.519 mm 0.0598 inch other metal accessories, 0.909 

mm 0.0358 inch unless otherwise indicated. 

 

PART 3 EXECUTION 

 

3.1 EXAMINATION 

 

Prior to installation of decking units and accessories, examine worksite 

to verify that as-built structure will permit installation of decking 

system without modification. 
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3.2 INSTALLATION 

 

Install steel deck units in accordance with 29 CFR 1926, Subpart R – Steel 

Erection, ANSI/SDI QA/QC, ANSI/SDI C and approved shop drawings. Place 

units on structural supports, properly adjusted, leveled, and aligned at 

right angles to supports before permanently securing in place. 

 Damaged deck and accessories including material which is permanently 

stained or contaminated, deformed, or with burned holes shall not be 

installed. Extend deck units over three or more supports unless absolutely 

impractical.Report inaccuracies in alignment or leveling to the 

Contracting Officer and make necessary corrections before permanently 

anchoring deck units.  Locate deck ends over supports only. Lap 50 mm 2 

inch deck ends. Do not use unanchored deck units as a work or storage 

platform. Do not fill unanchored deck with concrete. Permanently anchor 

units placed by the end of each working day. Do not support suspended 

ceilings, light fixtures, ducts, utilities, or other loads by steel deck 

unless indicated. Distribute loads by appropriate means to prevent damage. 

Prepare shoring in position before concrete placement begins in composite 

or form deck. 
 

3.2.1 Attachment 

 

Immediately after placement and alignment, and after correcting 

inaccuracies, permanently fasten steel deck units to structural supports 

and to adjacent deck units by welding with normal 16 mm 5/8 inchdiameter 

puddle welds, fastened with screws, powder-actuated fasteners, or 

pneumatically driven fasteners as indicated on the design drawings and in 

accordance with manufacturer's recommended procedure and ANSI/SDI C, 

ANSI/SDI NC or ANSI/SDI RD. Clamp or weight deck units to provide firm 

contact between deck units and structural supports while performing 

welding or fastening. 

 

3.2.1.1 Welding 

 

Perform welding in accordance with AWS D1.3/D1.3M using methods and 

electrodes recommended by the manufacturers of the base metal alloys being 

used. Ensure only operators previously qualified by tests prescribed in 

AWS D1.3/D1.3M make welds. Immediately recertify, or replace qualified 

welders, that are producing unsatisfactory welding. Conform to the 

recommendations of the Steel Deck Institute and the steel deck 

manufacturer for location, size, and spacing of fastening. Do use welding 

washers at the connections of the deck to supports. Do not use welding 

washers at sidelaps. Holes and similar defects will not be acceptable. 

Attach all partial or segments of deck units to structural supports in 

accordance with Section 2.5 of SDI DDM04. Immediately clean welds by 

chipping and wire brushing. Heavily coat welds, cut edges and damaged 

portions of coated finish with zinc-dust paint conforming to ASTM 

A780/A780M shop primed finish with the manufacturer's standard touch-

up paint. 
 

3.2.1.2 Mechanical Fastening 

 

Anchor deck to structural supports and adjoining units with mechanical 

fasteners. Drive the powder-actuated fasteners with a low-velocity 

piston tool by an operator authorized by the manufacturer of the 

powder-actuated tool. Drive pneumatically fasteners with a low-velocity 

fastening tool and comply with the manufacturer's recommendations. 

Drive screws to properly clamp desk to supporting steel. 
 

3.2.1.3 Sidelap Fastening 
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Lock sidelaps between adjacent floor deck units together by welding or 

screws as indicated. 

 

3.2.2 Openings 

 

Cut or drill all holes and openings required and be coordinated with the 

drawings, specifications, and other trades. Frame and reinforce openings 

through the deck in conformance with SDI DDP.  Reinforce holes and 

openings 150 to 300 mm 6 to 12 inch across by 1.204 mm 0.0474 inch thick 

steel sheet at least 300 mm 12 inch wider and longer than the opening and 

be fastened to the steel deck at each corner of the sheet and at a maximum 

of 150 mm 6 inch on center. Reinforce holes and openings larger than 300 

mm 12 inch by steel channels or angles installed perpendicular to the 

steel joists and supported by the adjacent steel joists. Install steel 

channels or angles perpendicular to the deck ribs and fasten to the 

channels or angles perpendicular to the steel joists. Deck manufacturer 

shall approve holes or openings larger than 150 mm 6 inch in diameter 

prior to drilling or cutting. Openings must not interfere with seismic 

members such as chords and drag struts. 
 

3.2.3 Deck Damage 

 

SDI MOC3, for repair of deck damage. 

3.2.4 Touch-Up Paint 

 

3.2.4.1 Roof Deck 

 

After roof decking installation, wire brush, clean, and touchup paint the 

scarred areas on top and bottom surfaces of metal roof decking. The 

scarred areas include welds, weld scars, bruises, and rust spots.  Touchup 

galvanized surfaces with galvanizing repair paint. Touchup painted 

surfaces with repair paint of painted surfaces. 

 
3.2.5 Accessory Installation 

 

3.2.5.1 Adjusting Plates 

 

Provide in locations too narrow to accommodate full-size deck units and 

install as shown on shop drawings. 

 

3.2.5.2 End Closures 

 

Provide end closure to close open ends of cells at columns, walls, and 

openings in deck. 

 

3.2.5.3 Closures Above Partitions 

 

Provide for closing voids between cells over partitions that are 

perpendicular to direction of cells. Provide a one-piece closure strip 

for partitions 100 mm 4 inch nominal or less in thickness and two-piece 

closure strips for wider partitions. Provide sheet metal closures above 

fire-rated partitions at both sides of partition with space between filled 

with fiberglass insulation. Provide flexible rubber closures above 

acoustic-rated partitions at both sides of partition with space between 

filled with blanket insulation. 
 

3.2.5.4 Column Closures 

 

Provide for spaces between floor decking and columns which penetrate the 

deck. Field cut closure plate to fit column in the field and tack weld to 
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decking and columns. 

 

3.2.5.5 Access Hole Covers 

 

Provide access whole covers to seal holes cut in decking to facilitate 

welding of the deck to structural supports. 

 

3.2.5.6 Hangers 

 

Provide as indicated to support utility system and suspended ceilings. 

Space devices so as to provide one device per 

0.60 square meters 6.25 square feet. 

 

Install sound absorbing glass fiber roll or premolded form, neatly in 

voids between perforated webs of acoustical noncellular steel deck and 

glass fiber rigid strip, in cells of acoustical cellular steel deck. 

Keep sound absorbing material dry before, during and after installation. 

 
3.2.6 Preparation of Fire-Proofed Surfaces 

 

Provide deck surfaces, both composite and noncomposite, which are to 

receive sprayed-on fireproofing, galvanized and free of all grease, mill 

oil, paraffin, dirt, salt, and other contaminants which impair adhesion of 

the fireproofing. Complete any required cleaning prior to steel deck 

installation using a cleaning method that is compatible with the 

sprayed-on fireproofing. 
 

3.3 ROOF SUMP PANS 

 

Place sump pans over openings in roof decking and fusion welded to top 

surface of roof decking. Do not exceed spacing of welds of 300 millimeter 

12 inch with not less than one weld at each corner. Field cut opening in 

the bottom of each roof sump pan to receive the roof drain as part of the 

work of this section. 

 

3.4 CANT STRIPS FOR ROOF DECKS 

 

Provide strips to be fusion welded to surface of roof decking, secured to 

wood nailers by galvanized screws or to steel framing by galvanized 

self-tapping screws or welds. Do not exceed spacing of welds and 

fasteners of 300 millimeter 12 inch. Lap end joints a minimum 75 

millimeter 3 inch and secure with galvanized sheet metal screws spaced a 

maximum 100 millimeter 4 inch on center. 

 

3.5 RIDGE AND VALLEY PLATES FOR ROOF DECKS 

 

Provide plates to be fusion welded to top surface of roof decking. Lap 

end joints a minimum 75 millimeter 3 inch. For valley plates, provide 

endlaps to be in the direction of water flow. 

 

3.6 CLOSURE STRIPS FOR ROOF DECKS 

 

Provide closure strips at open, uncovered ends and edges of the roof 

decking and in voids between roof decking and top of walls and partitions 

where indicated. Install closure strips in position in a manner to 

provide a weathertight installation. 

 

3.7 ROOF INSULATION SUPPORT FOR ROOF DECKS 

 

Provide metal closure strips for support of roof insulation where rib 
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openings in top surface of metal roof decking occur adjacent to edges and 

openings. Weld metal closure strips in position. 

 

3.8 CLEANING AND PROTECTION FOR ROOF DECKS 

 

Upon completion of the deck, sweep surfaces clean and prepare for 

installation of the roofing. 

 

3.9 FIELD QUALITY CONTROL 

 
 

3.9.1 Deck Weld Inspection 

 

Visual inspect welds in accordance with AWS D1.3/D1.3M. 

 

3.9.2 Decks Not Receiving Concrete 

 
 

Inspect the decking top surface for distortion after installation. For 

roof decks not receiving concrete, verify distortion by placing a straight 

edge across three adjacent top flanges. The maximum allowable gap between 

the straight edge and the top flanges should not exceed manufacturing and 

construction tolerances of supporting members. When gap is more than the 

allowable, provide corrective measures or replacement. Reinspect decking 

after performing corrective measures or replacement. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN CONCRETE INSTITUTE (ACI) 

 

ACI 318 (2014; Errata 1-2 2014; Errata 3-5 2015; 
Errata 6 2016; Errata 7-9 2017) Building 

Code Requirements for Structural Concrete 

(ACI 318-14) and Commentary (ACI 318R-14) 

 

AMERICAN IRON AND STEEL INSTITUTE (AISI) 

 

AISI S100 (2012) North American Specification for 

the Design of Cold-Formed Steel Structural 

Members 

 

AISI S110 (2007; Suppl 1; Reaffirmed 2012) Standard 

for Seismic Design of Cold-Formed Steel 

Structural Systems - Special Bolted Moment 

Frames 

 

AISI S200 (2007) North American Standard for 

Cold-Formed Steel Framing - General 

Provision 

 

AISI S201 (2007) North American Standard for 

Cold-Formed Steel Framing - Product Data 
 

AISI S202 (2011) Code of Standard Practice for 

Cold-formed Steel Structural Framing 

 

AISI S211 (2007) North American Standard for 

Cold-Formed Steel Framing - Wall Stud 

Design 

 

AISI S212 (2007) North American Standard for 

Cold-Formed Steel Framing - Header Design 
 

AISI S213 (2007; Suppl 1 2009) North American 

Standard for Cold-Formed Steel Framing - 

Lateral Design 

 

AISI S214 (2012) North American Standard for 
Cold-Formed Steel Framing – Truss Design  
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AMERICAN WELDING SOCIETY (AWS) 

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 

Structural Welding Code - Steel 
 

AWS D1.3/D1.3M (2018) Structural Welding Code - Sheet 

Steel 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM A123/A123M (2017) Standard Specification for Zinc 

(Hot-Dip Galvanized) Coatings on Iron and 

Steel Products 

 

ASTM A153/A153M (2016) Standard Specification for Zinc 

Coating (Hot-Dip) on Iron and Steel 

Hardware 

 

ASTM A307 (2014; E 2017) Standard Specification for 

Carbon Steel Bolts, Studs, and Threaded 

Rod 60 000 PSI Tensile Strength 

 

ASTM A370 (2018) Standard Test Methods and 

Definitions for Mechanical Testing of 

Steel Products 

 

ASTM A653/A653M (2018) Standard Specification for Steel 

Sheet, Zinc-Coated (Galvanized) or 

Zinc-Iron Alloy-Coated (Galvannealed) by 

the Hot-Dip Process 

 

ASTM A1003/A1003M (2015) Standard Specification for Steel 

Sheet, Carbon, Metallic- and 

Nonmetallic-Coated for Cold-Formed Framing 

Members 

 

ASTM C955 (2017) Standard Specification for 

Cold-Formed Steel Structural Framing 

Members 

 

ASTM C1007 (2011a) Standard Specification for 

Installation of Load Bearing (Transverse 

and Axial) Steel Studs and Related 

Accessories 

 

ASTM C1513 (2018) Standard Specification for Steel 

Tapping Screws for Cold-Formed Steel 

Framing Connections 

 

ASTM E119 (2018c; E 2018) Standard Test Methods for 

Fire Tests of Building Construction and 

Materials 

 

ASTM E329 (2018) Standard Specification for Agencies 

Engaged in Construction Inspection, 

Testing, or Special Inspection 

 

ASTM E488/E488M (2015) Standard Test Methods for Strength 

of Anchors in Concrete and Masonry Elements 
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ASTM F1554 (2018) Standard Specification for Anchor 

Bolts, Steel, 36, 55, and 105-ksi Yield 

Strength 

 

ASTM F1941 (2010) Standard Specification for 

Electrodeposited Coatings on Threaded 

Fasteners (Unified Inch Screw Threads 

(UN/UNR)) 

 

ASTM F2329/F2329M (2015) Standard Specification for Zinc 

Coating, Hot-Dip, Requirements for 

Application to Carbon and Alloy Steel 

Bolts, Screws, Washers, Nuts, and Special 

Threaded Fasteners 

 

INTERNATIONAL CODE COUNCIL (ICC) 

 

ICC IBC (2018) International Building Code 

 

U.S. DEPARTMENT OF DEFENSE (DOD) 

 

UFC 3-301-01 (2013; with Change 4, 2018) Structural 

Engineering 
 

1.2 SUBMITTALS 

 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are [for Contractor QC 

approval.][for information only. When used, a designation following the 

"G" designation identifies the office that will review the submittal for 

the Government.] Submittals with an "S" are for inclusion in the 

Sustainability eNotebook, in conformance to Section 01 33 29, SUSTAINABITY 

REPORTING. Submit the following in accordance with Section 01 33 00 

SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

 

Framing Components; G[, ]  

SD-03 Product Data 

Steel Studs, Joists, Tracks, Bracing, Bridging and Accessories 

Recycled Content of Steel Products; S 

 

1.3 DELIVERY, STORAGE, AND HANDLING 

 

Steel framing and related accessories shall be stored and handled in 

accordance with the AISI S202, "Code of Standard Practice for Cold-Formed 

Steel Structural Framing". 

 

1.4 LOAD-BEARING COLD-FORMED METAL FRAMING 

 

Include[ top and bottom tracks,] bracing, fastenings, and other 

accessories necessary for complete installation. Framing members shall 

have the structural properties indicated. Where physical structural 

properties are not indicated, they shall be as necessary to withstand all 
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imposed loads. 

Non-load-bearing metal framing, furring, and ceiling suspension systems 

are specified in Section 09 22 00 SUPPORTS FOR PLASTER AND GYPSUM BOARD. 

Metal suspension systems for acoustical ceilings are specified in 

Section 09 51 00 ACOUSTICAL CEILINGS. 

 

Submit mill certificates or test reports from independent testing agency, 

qualified in accordance with ASTM E329, showing that the steel sheet used 

in the manufacture of each cold-formed component complies with the minimum 

yield strengths and uncoated steel thickness specified. Test reports shall 

be based on the results of three coupon tests in accordance with ASTM 

A370. 

 

1.5 QUALITY ASSURANCE 

 

a. Testing Agency Qualifications: An independent testing agency, 

acceptable to authorities having jurisdiction, qualified according to 

ASTM E329 for testing indicated. 

 

b. Product Tests: Mill certificates or data from a qualified independent 

testing agency[, or in-house testing with calibrated test equipment] 

indicating steel sheet complies with requirements, including 

base-metal thickness, yield strength, tensile strength, total 

elongation, chemical requirements, and metallic-coating thickness. 

 

c. Welding Qualifications: Qualify procedures and personnel according to 

the following: 

 

(1) AWS D1.1/D1.1M, "Structural Welding Code - Steel". 

 

(2) AWS D1.3/D1.3M, "Structural Welding Code - Sheet Steel". 

 

d. Fire-Test-Response Characteristics: Where indicated, provide 
cold-formed metal framing identical to that of assemblies tested for 

fire resistance per ASTM E119 by, and displaying a classification 

label from, a testing and inspecting agency acceptable to authorities 

having jurisdiction. 

 

e. AISI Specifications and Standards: Comply with: 

 

(1) AISI S100, "North American Specification for the Design of 

Cold-Formed Steel Structural Members". 

 

(2) AISI S110, "Standard for Seismic Design of Cold-Formed Steel 

Structural Systems - Special Bolted Moment Frames". 

 

(3) AISI S200, "North American Standard for Cold-Formed Steel Framing 

- General Provision". 
 

(4) AISI S201, "North American Standard for Cold-Formed Steel Framing 

- Product Data". 
 

(5) AISI S202, "Code of Standard Practice for Cold-Formed Steel 

Structural Framing". 

 

(6) AISI S211, "North American Standard for Cold-Formed Steel Framing 

- Wall Stud Design". 
 

(7) AISI S212, "North American Standard for Cold-Formed Steel Framing 

- Header Design". 
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(8) AISI S213, "North American Standard for Cold-Formed Steel Framing 

- Lateral Design". 
 

(9) AISI S214, "North American Standard for Cold-Formed Steel Framing 

- Truss Design".Drawing Requirements 
 

Submit framing components to show sizes, thicknesses, layout, material 

designations, methods of installation, and accessories including the 

following: 

 

a. Cross sections, plans, and/or elevations showing component types and 

locations for each framing application; including shop coatings and 

material thicknesses for each framing component. 

 

b. Connection details showing fastener type, quantity, location, and 

other information to assure proper installation. 

 

c. Drawings depicting panel configuration, dimensions, components, 

locations, and construction sequence if the Contractor elects to 

install prefabricated/prefinished frames. 

 

1.5 Drawing Requirements 

Submit framing components to show sizes, thicknesses, layout, material 

designations, methods of installation, and accessories include the 

following: 

a. Connection details showing fastener type, quantity, location, and other 

information to assure proper installation. 
 

 

PART 2 PRODUCTS 

 

2.1 STEEL STUDS, JOISTS, TRACKS, BRACING, BRIDGING AND ACCESSORIES 

Framing components shall comply with ASTM C955 and the following. 

a. Provide products with an average recycled content of steel products so 

postconsumer recycled content plus one half of preconsumer recycled 

content not less than 25 percent. 

 

b. Steel Sheet: ASTM A1003/A1003M, Structural Grade, Type H, metallic 

coated, of grade and coating weight as follows: 

 

(1) Grade: [ST33H (ST230H)][ST50H (ST340H 
 

 

(2) Coating: G60 (Z180). 

 

c. Steel Studs: Manufacturer's standard C-shaped steel studs, of web 

depths indicated, punched, with stiffened flanges, and as follows: 

 

(1) Minimum Base-Metal Thickness:  0.84 mm 0.0329 inch 
 

(2) Flange width: 41mm 1-5/8 inches minimum. 
 

d. Steel Track: Manufacturer's standard U-shaped steel track, of web 

depths indicated, unpunched, with straight flanges, and as follows: 
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(1) Minimum Base-Metal Thickness: Matching steel studs. 

(2) Flange Width: 32 mm 1-1/4 inches minimum. 
 

 

2.1.1 Studs and Joists of 1.37 mm 54 mils (0.054 Inch) and Heavier 

 

Galvanized steel, ASTM A653/A653M and ASTM A1003/A1003M, SS Grade 50, 

G60. 

 

2.1.2 Studs and Joists of 1.09 mm 43 mils (0.043 Inch) and Lighter 

 

Studs and Joists of 1.09 mm 43 mils (0.043 Inch) and Lighter, Track, and 

Accessories (All thicknesses): Galvanized steel, ASTM A653/A653M and 

ASTM A1003/A1003M, SS, Grade 345 230 MPa Grade 33 33,000 psi Z180 G60. 

2.1.3 Sizes, Thickness, Section Modulus, and Other Structural Properties 

Size and thickness as indicated. 

2.2 MARKINGS 

 

Studs and track shall have product markings stamped on the web of the 

section. The markings shall be repeated throughout the length of the 

member at a maximum spacing of 1200 mm 4 feet on center and shall be 

legible and easily read. The product marking shall include the following: 

 

a. An ICC number. 

 

b. Manufacturer's identification. 

 

c. Minimum delivered uncoated steel thickness. 

 

d. Protective coating designator. 

 

e. Minimum yield strength. 

 

2.3 CONNECTIONS 

 

2.3.1 Steel-To-Concrete Connections 

 

a. Anchor Rods: ASTM F1554, Grade 36 galvanized per ASTM 

A153/A153M. 

 

b. Post-Installed Concrete Anchors: Adhesive or expansion anchors 

fabricated from corrosion-resistant materials with allowable load 

capacities in accordance with ICC-ES AC193 and ACI 318 greater than or 

equal to the design load as determined by testing per ASTM E488/E488M 

conducted by a qualified testing agency. 

 

c. Power-Actuated Fasteners: Fabricated from corrosion-resistant 

materials with allowable load capacities in accordance with ICC-ES AC 

70 greater than or equal to the design load as determined by testing 

per ASTM E1190 conducted by a qualified testing agency. 

 

2.3.2 Steel-To-Steel Connections 

 

a. Screws: ASTM C1513, corrosion-resistant-coated, self-drilling, 

self-tapping steel screws of the type and size indicated. Provide 

low-profile head beneath sheathing and manufacturer's standard 

elsewhere. Electroplated to a minimum of 5 micron zinc coating per 
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ASTM F1941 or hot-dipped galvanized per ASTM A123/A123M or 

ASTM A153/A153M. 
 

b. Bolts: ASTM A307 coated by hot-dip process per ASTM F2329/F2329M or 

zinc-coated by mechanical-deposition process per ASTM B695, Class 55. 

Welding Electrodes: Comply with AWS standards. 

 

2.4 PLASTIC GROMMETS 

 

Supply plastic grommets for stud webs as recommended by stud manufacturer, 

to protect electrical wires and plumbing piping. Prevent metal-to-metal 

contact between wiring/piping and studs. 

 

2.5 SEALER GASKET 

 

Closed-cell neoprene foam, 6.4 mm 1/4-inch thick, selected from 

manufacturer's standard widths to match width of bottom track on concrete 

slab or foundation. 

 

PART 3 EXECUTION 
 

3.1 FASTENING 
 

Fasten framing members together by welding or by using self-drilling, 

self-tapping screws. Electrodes and screw connections shall be as 

required and indicated in the design calculations. 

 

3.1.1 Welds 

 

All welding shall be performed in accordance with AWS D1.3/D1.3M, as 

modified by AISI S100. All welders, welding operations, and welding 

procedures shall be qualified according to AWS D1.3/D1.3M. Submit 

certified copies of welder qualifications test records showing 

qualification in accordance with AWS D1.3/D1.3M. All welds shall be 

cleaned and coated with rust inhibitive galvanizing paint. Do not field 

weld materials lighter than 1.09 mm 43 mils. 

 

3.1.2 Screws 

 

Screws shall be of the self-drilling self-tapping type, size, and location 

[as indicated][as required]. Screw penetration through joined materials 

shall not be less than three exposed threads. Minimum spacings and edge 

distances for screws shall be as specified in AISI S100. Screws covered 

by sheathing materials shall have low profile heads. 

 

3.1.3 Anchors 

 

Anchors shall be of the type, size, and location [as indicated][as 

required]. 

 

3.1.4 Powder-Actuated Fasteners 

 

Powder-actuated fasteners shall be of the type, size, and location [as 

indicated][as required]. 

 

3.3 INSTALLATION 

 

Install cold-formed framing in accordance with ASTM C1007 and AISI S200. 

 



SECTION 05 40 00 Page 9 

 

 

 

Hill Air Force Base, UT, Building 591 HILL591 

 

 

Install cold-formed steel framing according to AISI S202 and to 

manufacturer's written instructions unless more stringent requirements are 

indicated. 

 

3.3.1 Tracks 

 

Provide accurately aligned runners at top and bottom of studs. Install 

sealer gasket under bottom of track on concrete slab or foundation. 

Anchor tracks as indicated in design calculations. Butt weld joints in 

tracks or splice with stud inserts. Fasteners shall be at least 75 mm 3 

inches from the edge of concrete slabs. 

 

3.3.2 Studs 

 

Cut studs square and set with firm bearing against webs of top and bottom 

tracks. Position studs vertically in tracks and space as indicated in 

design. Do not splice studs.Provide at least two studs at jambs of   

doors and other openings 600 mm 2 feet wide or larger. Provide jack studs 

over openings, as necessary, to maintain indicated stud spacing. Provide 

tripled studs at corners, positioned to receive interior and exterior 

finishes. Fasten studs to top and bottom tracks by welding or screwing 

both flanges to the tracks. Framed wall openings shall include headers 

and supporting components as shown on the drawings. Headers shall be 

installed in all openings that are larger than the stud spacing in a  

wall. In curtain wall construction, provide for vertical movement where 

studs connect to the structural frame. Provide horizontal bracing in 

accordance with the design calculations and AISI S100. Bracing shall be 

not less than the following: 

 

LOAD HEIGHT BRACING 

Wind load only Up to 3000 mm 10 feet One row at mid-height 

 Over 3000 mm 10 feet Rows 1500 mm 5'-0" o.c. maximum 

Axial load Up to 3000 mm 10 feet Two rows at 1/3 points 

 Over 3000 mm 10 feet Rows 900 mm 3'-4" o.c. maximum 

 

3.3.3 Joists and Trusses 

 

a. Provide a stud directly under each joist or truss. The maximum 

spacing of studs as indicated shall be maintained. 

 

b. Install, bridge, and brace cold-formed steel trusses according to 

AISI S200, AISI S214, AISI's "Code of Standard Practice for 

Cold-Formed Steel Structural Framing," and manufacturer's written 

instructions unless more stringent requirements are indicated. 

 

c. Install temporary bracing and supports. Maintain braces and supports 

in place, undisturbed, until entire integrated supporting structure 

has been completed and permanent connections to framing are secured. 

 

d. Do not alter, cut, or remove framing members or connections of trusses. 
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3.3.4 Erection Tolerances 

 

a. Framing members which will be covered by finishes such as wallboard, 

plaster, or ceramic tile set in a mortar setting bed, shall be within 

the following limits: 

 

(1) Layout of walls and partitions: 6 mm 1/4 inch from intended 

position; 

 

(2) Plates and runners: 6 mm in 2400 mm 1/4 inch in 8 feet from 

a straight line; 

 

(3) Studs: 6 mm in 2400 mm 1/4 inch in 8 feet out of plumb, not 

cumulative; and 

 

(4) Face of framing members: 6 mm in 2400 mm 1/4 inch in 8 feet 

from a true plane. 

 

b. Framing members which will be covered by ceramic tile set in dry-set 

mortar, latex-portland cement mortar, or organic adhesive shall be 

within the following limits: 

 

(1) Layout of walls and partitions: 6 mm 1/4 inch from intended 

position; 

 

(2) Plates and runners: 3 mm in 2400 mm 1/8 inch in 8 feet from 

a straight line; 

(3) Studs: 3 mm in 2400 mm 1/8 inch in 8 feet out of plumb, not 

cumulative; and 

 

(4) Face of framing members: 3 mm in 2400 mm 1/8 inch in 8 feet 

from a true plane. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

ALUMINUM ASSOCIATION (AA) 

 

AA DAF45 (2003; Reaffirmed 2009) Designation System 

for Aluminum Finishes 

 

AMERICAN CONCRETE INSTITUTE (ACI) 

 

ACI 318 (2014; Errata 1-2 2014; Errata 3-5 2015; 
Errata 6 2016; Errata 7-9 2017) Building 

Code Requirements for Structural Concrete 

(ACI 318-14) and Commentary (ACI 318R-14) 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 

(AISC) 

 

AISC 303 (2016) Code of Standard Practice for Steel 

Buildings and Bridges 

 

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE) 

 

ASCE 7 (2017) Minimum Design Loads for Buildings 

and Other Structures 

 

AMERICAN SOCIETY OF SAFETY PROFESSIONALS (ASSP) 

 

ASSP A10.3 (2013) Safety Requirements for 
Powder-Actuated Fastening Systems American 

National Standard for Construction and 

Demolition Operations 

 

AMERICAN WELDING SOCIETY (AWS) 

 

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel 

ASME INTERNATIONAL (ASME) 

ASME B18.2.1 (2012; Errata 2013) Square and Hex Bolts 

and Screws (Inch Series) 

 

ASME B18.2.2 (2015) Nuts for General Applications: 

Machine Screw Nuts, Hex, Square, Hex 

Flange, and Coupling Nuts (Inch Series) 

 

ASME B18.6.2 (1998; R 2010) Slotted Head Cap Screws, 

Square Head Set Screws, and Slotted 

Headless Set Screws: Inch Series 

 

ASME B18.6.3 (2013; R 2017) Machine Screws, Tapping 

Screws, and Machine Drive Screws (Inch 

Series) 
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ASME B18.21.1 (2009; R 2016) Washers: Helical 
Spring-Lock, Tooth Lock, and Plain Washers 

(Inch Series) 

 

ASME B18.21.2M (1999; R 2014) Lock Washers (Metric Series) 

 

ASME B18.22M (1981; R 2017) Metric Plain Washers 

ASTM INTERNATIONAL (ASTM) 

ASTM A29/A29M (2016) Standard Specification for General 

Requirements for Steel Bars, Carbon and 

Alloy, Hot-Wrought 

 

ASTM A36/A36M (2014) Standard Specification for Carbon 

Structural Steel 

 

ASTM A47/A47M (1999; R 2018; E 2018) Standard 

Specification for Ferritic Malleable Iron 

Castings 

 

ASTM A48/A48M (2003; R 2012) Standard Specification for 

Gray Iron Castings 

 

ASTM A53/A53M (2018) Standard Specification for Pipe, 

Steel, Black and Hot-Dipped, Zinc-Coated, 

Welded and Seamless 

 

ASTM A108 (2013) Standard Specification for Steel 

Bar, Carbon and Alloy, Cold-Finished 

 

ASTM A123/A123M (2017) Standard Specification for Zinc 

(Hot-Dip Galvanized) Coatings on Iron and 

Steel Products 

 

ASTM A153/A153M (2016) Standard Specification for Zinc 

Coating (Hot-Dip) on Iron and Steel 

Hardware 

 

ASTM A283/A283M (2013) Standard Specification for Low and 

Intermediate Tensile Strength Carbon Steel 

Plates 

 

ASTM A307 (2014; E 2017) Standard Specification for 

Carbon Steel Bolts, Studs, and Threaded 

Rod 60 000 PSI Tensile Strength 

 

ASTM A467/A467M (2007; R 2012) Standard Specification for 

Machine Coil Chain 

 

ASTM A475 (2003; R 2014) Standard Specification for 

Zinc-Coated Steel Wire Strand 

 

ASTM A500/A500M (2018) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 

Steel Structural Tubing in Rounds and 

Shapes 

 

ASTM A653/A653M (2018) Standard Specification for Steel 

Sheet, Zinc-Coated (Galvanized) or 
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Zinc-Iron Alloy-Coated (Galvannealed) by 

the Hot-Dip Process 

 

ASTM A780/A780M (2009; R 2015) Standard Practice for 

Repair of Damaged and Uncoated Areas of 

Hot-Dip Galvanized Coatings 

 

ASTM A786/A786M (2015a) Standard Specification for 

Hot-Rolled Carbon, Low-Alloy, 

High-Strength Low-Alloy, and Alloy Steel 

Floor Plates 

 

ASTM A924/A924M (2018) Standard Specification for General 

Requirements for Steel Sheet, 

Metallic-Coated by the Hot-Dip Process 
 

ASTM B26/B26M (2014; E 2015) Standard Specification for 

Aluminum-Alloy Sand Castings 

ASTM B108/B108M (2015) Standard Specification for 

Aluminum-Alloy Permanent Mold Castings 

 

ASTM B209 (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Sheet and Plate 

 

ASTM B209M (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Sheet and Plate (Metric) 

 

ASTM B221 (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Extruded Bars, Rods, 

Wire, Profiles, and Tubes 

 

ASTM B221M (2013) Standard Specification for Aluminum 

and Aluminum-Alloy Extruded Bars, Rods, 

Wire, Profiles, and Tubes (Metric) 

 

ASTM C1513 (2018) Standard Specification for Steel 

Tapping Screws for Cold-Formed Steel 

Framing Connections 

 

ASTM D1187/D1187M (1997; E 2011; R 2011) Asphalt-Base 
Emulsions for Use as Protective Coatings 

for Metal 

 

ASTM E488/E488M (2015) Standard Test Methods for Strength 

of Anchors in Concrete and Masonry Elements 

 

ASTM F1554 (2018) Standard Specification for Anchor 

Bolts, Steel, 36, 55, and 105-ksi Yield 

Strength 

 

MASTER PAINTERS INSTITUTE (MPI) 

 

MPI 79 (2012) Primer, Alkyd, Anti-Corrosive for 

Metal 

 

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM) 

 

NAAMM MBG 531 (2017) Metal Bar Grating Manual 
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NAAMM MBG 532 (2009) Heavy Duty Metal Bar Grating Manual 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

NFPA 211 (2019) Standard for Chimneys, Fireplaces, 

Vents, and Solid Fuel-Burning Appliances 

 

SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

 

SSPC SP 3 (1982; E 2004) Power Tool Cleaning 

 

SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning 

 

U.S. ARMY CORPS OF ENGINEERS (USACE) 

 

EM 385-1-1 (2014) Safety and Health Requirements 

Manual 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are [for Contractor Quality 

Control approval.][for information only. When used, a designation 

following the "G" designation identifies the office that will review the 

submittal for the Government.] Submittals with an "S" are for inclusion 

in the Sustainability eNotebook, in conformance with Section 01 33 29 

SUSTAINABILITY REPORTING. Submit the following in accordance with Section 

01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

 

Structural Steel Door Frames, Fabrication Drawings; G[, [  ]] 

Cover Plates and Frames, Installation Drawings; G[, [  ]] 

Expansion Joint Covers, Installation Drawings; G[, [  ]] 

Floor Gratings, Installation Drawings; G[, [  ]] 

Roof Walkways, Installation Drawings; G[, [  ]] 

Bollards/Pipe Guards; G[, [  ]] 

Wheel Guards, Installation Drawings; G[, [  ]] 
 

Window[ and Door] Guards, Installation Drawings; G[, [  ]] 

Embedded Angles and Plates, Installation Drawings; G[, [   ]] 

Roof Hatches, Installation Drawings; G[, [  ]] 

SD-03 Product Data 

Corner Guards 

Cover Plates and Frames; G[, [   ]] 

Expansion Joint Covers; G[, [  ]] 

Floor Gratings; G[, [  ]] 
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Roof Walkways; G[, [  ]] 

 

Structural Steel Door Frames; G[, [  ]] 

Wheel Guards 

Window[ and Door] Guards; G[, [  ]] 

Roof Hatches; G[, [  ]] 

Each Downspout Terminations Type; G[, [  ]] 

Recycled Content; S 

SD-04 Samples 

 

Expansion Joint Covers 

SD-07 Certificates 

[ Certificates of Compliance; G[, [  ]] 

 

][ Certified Mill Test Reports for Chemistry and Mechanical 

Properties; G[, [  ]] 
 

] 

1.3 QUALIFICATION OF WELDERS 
 

Qualify welders in accordance with AWS D1.1/D1.1M. Use procedures, 

materials, and equipment of the type required for the work. 

 

1.4 DELIVERY, STORAGE, AND PROTECTION 

 

Protect from corrosion, deformation, and other types of damage. Store 

items in an enclosed area free from contact with soil and weather. Remove 

and replace damaged items with new items. 

 

1.5 MISCELLANEOUS REQUIREMENTS 

 

1.5.1 Fabrication Drawings 

 

Submit fabrication drawings showing layout(s), connections to structural 

system, and anchoring details as specified in AISC 303. 

 

1.5.2 Installation Drawings 

 

Submit templates, erection, and installation drawings indicating 

thickness, type, grade, class of metal, and dimensions. Show construction 

details, reinforcement, anchorage, and installation in relation to the 

building construction. 

 

 

PART 2 PRODUCTS 

 

2.1 RECYCLED CONTENT 

 

Provide products with recycled content.[ Provide certificates of 

compliance for recycled content.] 
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2.2 MATERIALS 

 

Provide exposed fastenings of compatible materials (avoid contact of 

dissimilar metals). Coordinate color and finish with the material to 

which fastenings are applied.[ Submit the manufacturer's certified mill 

reports which clearly show the applicable ASTM mechanical and chemical 

requirements together with the actual test results for the supplied 

materials.] 

 

2.2.1 Structural Carbon Steel 

 

Provide in accordance with ASTM A36/A36M. 

2.2.2 Structural Tubing 

 

Provide in accordance with ASTM A500/A500M. 

 

2.2.3 Steel Pipe 

 

Provide in accordance with ASTM A53/A53M, Type E or S, Grade B. 

 

2.2.4 Fittings for Steel Pipe 

 

Provide standard malleable iron fittings in accordance with ASTM A47/A47M. 

 

2.2.5 Gratings 

 

 

a. Provide gray cast iron in accordance with ASTM A48/A48M, Class 40. 

 

b. Provide metal plank grating, non-slip requirement, [aluminum in 

accordance with ASTM B209M ASTM B209, 6061-T6][ steel in accordance 

with ASTM A653/A653M, Z275 G90]. 

 

c. Provide metal bar type grating in accordance with[ NAAMM MBG 531][ 

and][ NAAMM MBG 532]. 

 

2.2.6 Floor Plates, Patterned 

 

Provide floor plate in accordance with ASTM A786/A786M. Provide steel 

plate not less than 1.9 mm 14 gage. 

 

2.2.7 Anchor Bolts 

 

Provide in accordance with ASTM F1554. Where exposed, provide anchor 

bolts of the same material, color, and finish as the metal to which they 

are applied. 

 

2.2.7.1 [Expansion Anchors] [Sleeve Anchors] [Adhesive Anchors] 

Provide per construction drawings. 

 

2.2.7.2 Lag Screws and Bolts 

 

Provide in accordance with ASME B18.2.1, type and grade best suited for 

the purpose. 

2.2.7.3 Toggle Bolts 

 

Provide in accordance with ASME B18.2.1. 

 

2.2.7.4 Bolts, Nuts, Studs and Rivets 
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Provide in accordance with ASME B18.2.2 or ASTM A307. 

 

2.2.7.5 Powder Actuated Fasteners 

 

Follow safety provisions in accordance with ASSP A10.3. 

 

2.2.7.6 Screws 

 

Provide in accordance with ASME B18.2.1, ASME B18.6.2, ASME B18.6.3 and 

ASTM C1513. 

 

2.2.7.7 Washers 

 

Provide plain washers in accordance with ASME B18.22M, ASME B18.21.1. 

Provide beveled washers for American Standard beams and channels, square 

or rectangular, tapered in thickness, and smooth. Provide lock washers in 

accordance with ASME B18.21.2M, ASME B18.21.1. 

 

2.2.7.8 Welded Headed Shear Studs 

 

Provide in accordance with[ ASTM A108][ or][ ASTM A29/A29M-12]. 

 

2.2.8 Aluminum Alloy Products 

 

Provide in accordance with ASTM B209M, ASTM B209 for sheet plate, 

ASTM B221M, ASTM B221M, ASTM B221 for extrusions and ASTM B26/B26M or 

ASTM B108/B108M for castings. Provide aluminum extrusions at least 3 mm 

1/8 inch thick and aluminum plate or sheet at least 1.3 mm 0.050 inch 

thick. 

 

2.3 FABRICATION FINISHES 

 

2.3.1 Galvanizing 

 

Hot-dip galvanize items specified to be zinc-coated, after fabrication 

where practicable. Provide galvanizing in accordance with ASTM A123/A123M, 

ASTM A153/A153M, ASTM A653/A653M or ASTM A924/A924M, Z275 G90. 

 

2.3.2 Galvanize 

 

Anchor bolts, grating fasteners, washers, and parts or devices necessary 

for proper installation, unless indicated otherwise. 

 

2.3.3 Repair of Zinc-Coated Surfaces 

 

Repair damaged surfaces with galvanizing repair method and paint in 

accordance with ASTM A780/A780M or by application of stick or thick paste 

material specifically designed for repair of galvanizing, as approved by 

Contracting Officer. Clean areas to be repaired and remove slag from 

welds. Heat, with a torch, surfaces to which stick or paste material will 

be applied. Heat to a temperature sufficient to melt the metals in the 

stick or paste. Spread molten material uniformly over surfaces to be 

coated and wipe off excess material. 

 

]2.3.4 Shop Cleaning and Painting 

 

2.3.4.1 Surface Preparation 

 

Blast clean surfaces in accordance with SSPC SP 6/NACE No.3. Surfaces 
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that will be exposed in spaces above ceiling or in attic spaces, crawl 

spaces, furred spaces, and chases may be cleaned in accordance with 

SSPC SP 3 in lieu of being blast cleaned. Wash cleaned surfaces which 

become contaminated with rust, dirt, oil, grease, or other contaminants 

with solvents until thoroughly clean. Steel to be embedded in concrete 

must be free of dirt and grease prior to embed. Do not paint or galvanize 

bearing surfaces, including contact surfaces within slip critical joints. 

Shop coat these surfaces with rust prevention. 

 

2.3.4.2 Pretreatment, Priming and Painting 

 

Apply pre-treatment, primer, and paint in accordance with manufacturer's 

printed instructions. [On surfaces concealed in the finished construction 

or not accessible for finish painting, apply an additional prime coat to a 

minimum dry film thickness of 0.03 mm 1.0 mil. Tint additional prime coat 

with a small amount of tinting pigment.] 

 

2.3.5 Nonferrous Metal Surfaces 

 

Protect by plating, anodic, or organic coatings. 

 

2.3.6 Aluminum Surfaces 

 

2.3.6.1 Surface Condition 

 

Before finishes are applied, remove roll marks, scratches, rolled-in 

scratches, kinks, stains, pits, orange peel, die marks, structural 

streaks, and other defects which will affect uniform appearance of 

finished surfaces. 

 

2.3.6.2 Aluminum Finishes 

 

Unexposed sheet, plate and extrusions may have mill finish as fabricated. 

Sandblast castings' finish, medium, AA DAF45. Unless otherwise specified, 

provide all other aluminum items with a[ standard mill finish][ hand 

sanded or machine finish to a 240 grit][ anodized finish]. Provide a 

coating thickness not less than that specified for protective and 

decorative type finishes for items used in interior locations or 

architectural Class I type finish for items used in exterior locations. 

Provide in accordance with AA DAF45. Provide a polished satin finish on 

items to be anodized. 

 

 

 

2.4 ROOF WALKWAYS 

 

Design steel grating in accordance with NAAMM MBG 531 and 

NAAMM MBG 532 for bar type gratings, or in accordance with manufacturer's 

charts for plank grating. 

 

a. In accordance with NAAMM MBG 531, NAAMM MBG 532, band edges of grating 

with bars of the same size as the bearing bars. Weld banding in 

accordance with the manufacturer's standard for trim unless otherwise 

indicated. Design tops of bearing bars, cross or intermediate bars to 

be in the same plane and to match grating finish. 

 

  b. NAAMM MBG 531, NAAMM MBG 532, band ends of gratings with bars of the 

same or greater thickness than the metal used for grating. Weld 

banding bars to bearing bars or channels at least every fourth bar or 

channel and in every corner. Tack weld intervening bars or channels. 
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Band diagonal or round cuts by welding bars of the same or greater 

thickness as the grating and in accordance with the manufacturer's 

standard for trim [unless otherwise indicated]. 

 

  c. Attach grating in accordance with manufacturer's roof attachment 

system. 

 
d. Provide slip resistant surface finishes. 

 

  e. Rooftop walkway: Minimum 600 mm 2 feet wide, 1.8 mm 14 gage, 

ASTM A653/A653M, Z275 G-90, steel with slip resistant surface. 

Furnish all brackets, connectors and other accessories. Support at 

minimum 1500 mm 5 foot intervals on hard rubber pads in accordance 

with manufacturer's instructions. 

 

 

2.5 ROOF HATCHES (SCUTTLES) 

 

Provide aluminum or zinc-coated steel sheets not less than 1.9 mm 14 gauge 

with 75 mm 3 inch beaded flange, welded and ground at corners. Provide a 

minimum clear opening of 760 by 900 mm 48 by 48 inches. Insulate cover 

and curb with 25 mm one inch thick rigid fiberboard insulation, covered 

and protected by aluminum sheet or zinc-coated steel liner of not less than 
0.45 mm 26 gage. Provide with 300 mm 12 inches high curb, formed with 75 

mm 3 inch mounting flanges with holes for securing to the roof deck.
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PART 3 EXECUTION 

 

3.1 GENERAL INSTALLATION REQUIREMENTS 

 

Install items at locations indicated in accordance with manufacturer's 

instructions. Verify all field dimensions prior to fabrication. Include 

materials and parts necessary to complete each assembly, whether indicated 

or not. Miss-alignment and miss-sizing of holes for fasteners is cause 

for rejection.  Conceal fastenings where practicable. Joints exposed to 

weather must be watertight. 

 

3.2 WORKMANSHIP 

 

Provide miscellaneous metalwork that is true and accurate in shape, size, 

and profile. Make angles and lines continuous and straight. Make curves 

consistent, smooth and unfaceted. Provide continuous welding along the 

entire area of contact except where tack welding is permitted. Do not 

tack weld exposed connections. Unless otherwise indicated and approved, 

provide a smooth finish on exposed surfaces. Provide countersuck rivets 

where exposed. Provide coped and mitered corner joints aligned flush and 

without gaps. 

 

3.3 ANCHORAGE, FASTENINGS, AND CONNECTIONS 

 

Provide anchorage as necessary, whether indicated or not, for fastening 

miscellaneous metal items securely in place. Include slotted inserts, 

expansion shields, powder-driven fasteners, toggle bolts (when approved 

for concrete), through bolts for masonry, headed shear studs, machine and 

carriage bolts for steel, through bolts, lag bolts, and screws for wood. 

Do not use wood plugs. Provide non-ferrous attachments for non-ferrous 

metal. Provide exposed fastenings of compatible materials (avoid contact 

of dissimilar metals), that generally match in color and finish the 

surfaces to which they are applied. Conceal fastenings where 

practicable. Provide all fasteners flush with the surfaces they fasten, 

unless indicated otherwise.[ Test a minimum of 2 bolt, nut, and washer 

assemblies from each certified mill batch in a tension measuring device at 

the job site prior to the beginning of bolting start-up.] 

 

3.4 BUILT-IN WORK 

 

Where necessary and not otherwise indicated, form built-in metal work for 

anchorage with concrete or masonry. Provide built-in metal work in ample 

time for securing in place as the work progresses. 

 

3.5 WELDING 

 

Perform welding, welding inspection, and corrective welding in accordance 

with AWS D1.1/D1.1M. Use continuous welds on all exposed connections. 

Grind visible welds smooth in the finished installation. Provide welded 

headed shear studs in accordance with AWS D1.1/D1.1M, Clause 7, except as 

otherwise specified. Provide in accordance with the safety requirements 

of EM 385-1-1. 

 

3.6 DISSIMILAR METALS 

 

Where dissimilar metals are in contact, protect surfaces with a coating in 

accordance with MPI 79 to prevent galvanic or corrosive action. Where 

aluminum is in contact with concrete, plaster, mortar, masonry, wood, or 
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absorptive materials subject to wetting, protect in accordance with 

ASTM D1187/D1187M, asphalt-base emulsion. Clean surfaces with metal 

shavings from installation at the end of each work day. 

 

3.7 PREPARATION 

 

3.7.1 Material Coatings and Surfaces 

 

 

Remove rust preventive coating just prior to field erection, using a 

remover approved by the metal manufacturer. Surfaces, when assembled, 

must be free of rust, grease, dirt and other foreign matter. 

 

3.7.2 Environmental Conditions 

 

Do not clean or paint surfaces when damp or exposed to foggy or rainy 

weather, when metallic surface temperature is less than minus 15 degrees C 

5 degrees F above the dew point of the surrounding air, or when surface 

temperature is below 7 degrees C or over 35 degrees C 45 degrees F or over 

95 degrees F, unless approved by the Contracting Officer. Metal surfaces 

to be painted must be dry for a minimum of 48 hours prior to the 

application of primer or paint. 

 

 3.8 ROOF HATCH (SCUTTLES) 

 

 

Construction and accessories as follows: 

 

a. Provide insulated cover and curb with mounting flanges for securing to 

roof deck. Provide curbs with integral metal cap flashing of the same 

gage and metal as the curb, fully welded and ground at corners for 

weather tightness. 

 

b. Provide hatches completely assembled, with pintle hinges, compression 

spring operators enclosed in telescopic tubes, positive snap latches 

with turn handles on inside and outside, and neoprene draft seals. 

Provide fasteners for padlocking from the inside. Provide covers with 

automatic hold-open arms complete with grip handle to permit one hand 

release. Cover action must be smooth through its entire range of 

motion with an operating pressure of approximately 130 N 30 pounds. 

 

 

 

-- End of Section -- 
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SECTION 05 51 33

METAL LADDERS
02/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN LADDER INSTITUTE (ALI)

ALI A14.3 (2008; R 2018) Ladders - Fixed - Safety 
Requirements

AMERICAN SOCIETY OF SAFETY PROFESSIONALS (ASSP)

ASSP Z359.16 (2016) Safety Requirements for Climbing 
Ladder Fall Arrest Systems

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2014) Standard Specification for Carbon 
Structural Steel

ASTM A47/A47M (1999; R 2018; E 2018) Standard 
Specification for Ferritic Malleable Iron 
Castings

ASTM A53/A53M (2018) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A153/A153M (2016) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A500/A500M (2018) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 
Steel Structural Tubing in Rounds and 
Shapes

ASTM A653/A653M (2019) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
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the Hot-Dip Process

ASTM A780/A780M (2009; R 2015) Standard Practice for 
Repair of Damaged and Uncoated Areas of 
Hot-Dip Galvanized Coatings

ASTM A924/A924M (2018) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM D1187/D1187M (1997; E 2011; R 2011) Asphalt-Base 
Emulsions for Use as Protective Coatings 
for Metal

MASTER PAINTERS INSTITUTE (MPI)

MPI 79 (2012) Primer, Alkyd, Anti-Corrosive for 
Metal

SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC SP 3 (1982; E 2004) Power Tool Cleaning

SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.23 (Nov 2016) Ladders

29 CFR 1910.28 (Nov 2016)Duty to Have Fall Protection and 
Falling Object Protection

29 CFR 1910.29 (Nov 2016) Fall Protection System and 
Falling Object Protection - Criteria and 
Practices

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance with Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Ladders , Installation Drawings

SD-03 Product Data

Ladders

Ladder Safety Devices  (Climbing Ladder Fall Arrest Systems)

SD-07 Certificates

Fabricator Certification for Ladder Assembly
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1.3   CERTIFICATES

Provide fabricator certification for ladder assembly  stating that the 
ladder and associated components have been fabricated according to the 
requirements of 29 CFR 1910.23 .

Provide fabricator certification for ships ladder assembly  stating that 
the ships ladder and associated components have been fabricated according 
to the requirements of 29 CFR 1910.23 .

1.4   QUALIFICATION OF WELDERS

Qualify welders in accordance with AWS D1.1/D1.1M .  Use procedures, 
materials, and equipment of the type required for the work.

1.5   DELIVERY, STORAGE, AND PROTECTION

Protect from corrosion, deformation, and other types of damage.  Store 
items in an enclosed area free from contact with soil and weather. Remove 
and replace damaged items with new items.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Structural Carbon Steel

ASTM A36/A36M.

2.1.2   Structural Tubing

ASTM A500/A500M .

2.1.3   Steel Pipe

ASTM A53/A53M, Type E or S, Grade B.

2.1.4   Fittings for Steel Pipe

Standard malleable iron fittings ASTM A47/A47M.

2.2   FABRICATION FINISHES

2.2.1   Galvanizing

Hot-dip galvanize items specified to be zinc-coated, after fabrication 
where practicable.  Galvanizing:  ASTM A123/A123M , ASTM A153/A153M , 
ASTM A653/A653M  or ASTM A924/A924M ,  G90 , as applicable.

2.2.2   Galvanize

Anchor bolts, washers, and parts or devices necessary for proper 
installation, unless indicated otherwise.

2.2.3   Repair of Zinc-Coated Surfaces

Repair damaged surfaces with galvanizing repair method and paint 
conforming to ASTM A780/A780M  or by application of stick or thick paste 
material specifically designed for repair of galvanizing, as approved by 
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Contracting Officer.  Clean areas to be repaired and remove slag from 
welds.  Heat surfaces to which stick or paste material is applied, with a 
torch to a temperature sufficient to melt the metallics in stick or paste; 
spread molten material uniformly over surfaces to be coated and wipe off 
excess material.

2.2.4   Shop Cleaning and Painting

2.2.4.1   Surface Preparation

Blast clean surfaces in accordance with SSPC SP 6/NACE No.3 .  Surfaces 
that will be exposed in spaces above ceiling or in attic spaces, crawl 
spaces, furred spaces, and chases may be cleaned in accordance with 
SSPC SP 3  in lieu of being blast cleaned.  Wash cleaned surfaces which 
become contaminated with rust, dirt, oil, grease, or other contaminants 
with solvents until thoroughly clean.

2.2.4.2   Pretreatment, Priming and Painting

Apply pretreatment, primer, and paint in accordance with manufacturer's 
printed instructions.  On surfaces concealed in the finished construction 
or not accessible for finish painting, apply an additional prime coat to a 
minimum dry film thickness of  1.0 mil .  Tint additional prime coat with a 
small amount of tinting pigment.

2.3   LADDERS

Fabricate vertical ladders conforming to 29 CFR 1910.23  and Section 5 of 
ALI A14.3 .  Ladders shall be capable of supporting their maximum intended 
load.  Use  2 1/2 by 3/8 inch  steel flats for stringers and  3/4 inch  
diameter steel rods for rungs.  Ladder rungs, step and cleats must be 
spaced not less than  10 inches  and not more than  16 inches  wide (measured 
before installation of ladder safety system), spaced no more than  14 inches
 apart, plug welded or shouldered and headed into stringers.  Install 
ladders so that the maximum perpendicular distance from the centerline of 
the steps or rungs, or grab bars, or both, to the nearest permanent object 
in the back of the ladder or to the finished wall surface will not be less 
than  7 inches , except for the elevator pit ladders, which have a minimum 
perpendicular distance of  4.5 inches .  Provide heavy clip angles riveted 
or bolted to the stringer and drilled[ for not less than two  1/2 inch  
diameter expansion bolts] as indicated.  Provide intermediate clip angles 
not over  48 inches  on centers.  The top rung of the ladder must be level 
with the top of the access level, parapet or landing served by the ladder 
except for hatches or wells.  Extend the side rails of through or side 
step ladders  42 inches  above the access level.  Provide ladder access 
protective swing gates at the top of access/egress level.  The drawings 
must indicate ladder locations and details of critical dimensions and 
materials.

2.3.1   Phasing out of Ladder Cages and Wells (29 CFR 1910.28, Nov 2016)

Conform to 29 CFR 1910.28  (Nov 2016).

Each newly installed ladder over  20 feet  in length shall only be equipped 
with a personal fall arrest system or climbing ladder fall arrest system 
(ladder safety device), cages and wells are prohibited.  When a fixed 
ladder, cage, or well, or any portion of a section thereof, is replaced, a 
personal fall arrest system or climbing ladder fall arrest system (ladder 
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safety device) is installed in at least that section of the fixed ladder, 
cage, or well where the replacement is located.  On and after November 18, 
2036, all fixed ladders shall only be equipped with a personal fall arrest 
system or a ladder safety device (climbing ladder Fall Arrest System).

2.3.2   Ladder Safety Devices  (Climbing Ladder Fall Arrest Systems) 

Conform to 29 CFR 1910.29 , Section 7 of ALI A14.3  and ASSP Z359.16 .  
Install ladder safety devices on ladders over  20 feet  long or more.  The 
ladder safety systems must meet the design requirement of the ladders 
which they serve.  The ladder safety system must be capable of sustaining 
a minimum static load of  1,000 pounds .  The applied loads transferred to 
the climbing ladder mounting locations as a result of a fall shall be 
specified by the manufacturer of the climbing ladder fall arrest system.  
Each ladder safety system must allow the worker to climb up and down using 
both hands and does not require the employee continuously, hold, push, or 
pull any part of the system while climbing.  The connection between the 
carrier or lifeline and the point of attachment to the body harness does 
not exceed  9 inches .  The ladder safety system consists of a rigid or 
flexible carrier.  Mountings for the rigid carries are attached at each 
end of the carrier, with intermediate mountings spaced as necessary, along 
the entire length of the carrier.  Mountings for flexible carrier are 
attached at each end of the carrier and cable guides for flexible carriers 
are installed at least  25 feet  apart but not more than  40 feet  apart along 
the entire length of the carrier.  The design and installation of 
mountings and cable guides does not reduce the design strength of the 
ladder.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Install items at locations indicated, according to manufacturer's 
instructions.  Verify all measurements and take all field measurements 
necessary before fabrication.  Provide Exposed fastenings of compatible 
materials, generally matching in color and finish, and harmonize with the 
material to which fastenings are applied.  Include materials and parts 
necessary to complete each item, even though such work is not definitely 
shown or specified.  Poor matching of holes for fasteners will be cause 
for rejection.  Conceal fastenings where practicable.  Thickness of metal 
and details of assembly and supports must provide strength and stiffness.  
Formed joints exposed to the weather to exclude water.  Items listed below 
require additional procedures.

3.2   WORKMANSHIP

Metalwork must be well formed to shape and size, with sharp lines and 
angles and true curves.  Drilling and punching must produce clean true 
lines and surfaces.  Continuously weld along the entire area of contact.  
Do not tack weld exposed connections of work in place.  Grid smooth 
exposed welds.  Provide smooth finish on exposed surfaces of work in 
place, unless otherwise approved.  Where tight fits are required, mill 
joints.  Cope or miter corner joints, well formed, and in true alignment.  
Install in accordance with manufacturer's installation instructions and 
approved drawings, cuts, and details.

3.3   ANCHORAGE, FASTENINGS, AND CONNECTIONS

Provide anchorage where necessary for fastening metal items securely in 
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place.  Include for anchorage not otherwise specified or indicated slotted 
inserts, expansion anchors, and powder-actuated fasteners, when approved 
for concrete; toggle bolts and through bolts for masonry; machine bolts, 
carriage bolts and powder-actuated threaded studs for steel; through 
bolts, lag bolts, and screws for wood.  Do not use wood plugs in any 
material.  Provide non-ferrous attachments for non-ferrous metal.  Make 
exposed fastenings of compatible materials, generally matching in color 
and finish, to which fastenings are applied.  Conceal fastenings where 
practicable.

3.4   WELDING

Perform welding, welding inspection, and corrective welding, in accordance 
with AWS D1.1/D1.1M .  Use continuous welds on all exposed connections.  
Grind visible welds smooth in the finished installation.

3.5   FINISHES

3.5.1   Dissimilar Materials

Where dissimilar metals are in contact, protect surfaces with a coat 
conforming to MPI 79  to prevent galvanic or corrosive action. Where 
aluminum is in contact with concrete, plaster, mortar, masonry, wood, or 
absorptive materials subject to wetting, protect with ASTM D1187/D1187M , 
asphalt-base emulsion.

3.5.2   Field Preparation

Remove rust preventive coating just prior to field erection, using a 
remover approved by the rust preventive manufacturer.  Surfaces, when 
assembled, must be free of rust, grease, dirt and other foreign matter.

3.5.3   Environmental Conditions

Do not clean or paint surface when damp or exposed to foggy or rainy 
weather, when metallic surface temperature is less than  5 degrees F  above 
the dew point of the surrounding air, or when surface temperature is below  
45 degrees F or over 95 degrees F , unless approved by the Contracting 
Officer.

3.6   LADDERS

Secure to the adjacent construction with the clip angles attached to the 
stringer. Install intermediate clip angles not over  48 inches  on center.  
Install brackets as required for securing of ladders welded or bolted to 
structural steel or built into the masonry or concrete.  Ends of ladders 
must not rest upon floor.

        -- End of Section --
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SECTION 05 52 00

METAL RAILINGS
02/18

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 314 (1990; R 2013) Standard Specification for 
Steel Anchor Bolts

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A27/A27M (2017) Standard Specification for Steel 
Castings, Carbon, for General Application

ASTM A36/A36M (2014) Standard Specification for Carbon 
Structural Steel

ASTM A47/A47M (1999; R 2018; E 2018) Standard 
Specification for Ferritic Malleable Iron 
Castings

ASTM A53/A53M (2018) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A153/A153M (2016) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM A283/A283M (2013) Standard Specification for Low and 
Intermediate Tensile Strength Carbon Steel 
Plates

ASTM A500/A500M (2018) Standard Specification for 
Cold-Formed Welded and Seamless Carbon 
Steel Structural Tubing in Rounds and 
Shapes
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ASTM C514 (2004; R 2014) Standard Specification for 
Nails for the Application of Gypsum Board

ASTM E488/E488M (2015) Standard Test Methods for Strength 
of Anchors in Concrete and Masonry Elements

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

NAAMM AMP 521 (2001; R 2012) Pipe Railing Systems Manual

1.2   ADMINISTRATIVE REQUIREMENTS

1.2.1   Preinstallation Meetings

Within 30 days of contract award, submit fabrication drawings  to the 
Contracting Officer for the following items:

a.  Anchorage and fastening systems

Submit manufacturer's catalog data, including two copies of manufacturers 
specifications, load tables, dimension diagrams, and anchor details for 
the following items:

a.  Structural-steel plates, shapes, and bars

b.  Structural-steel tubing

c.  Concrete inserts

d.  Protective coating

e.  Steel railings and handrails

f.  Anchorage and fastening systems

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  for information only.  When used, a designation following the 
"G" designation identifies the office that will review the submittal for 
the Government.  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Fabrication Drawings ; G

Steel Shapes, Plates, Bars and Strips ; G

SD-03 Product Data

Structural-Steel Plates, Shapes, and Bars ; G

Structural-Steel Tubing ; G

Concrete Inserts ; G

SECTION 05 52 00  Page 3



Hill Air Force Base, UT, Building 591 HILL591

Masonry Anchorage Devices ; G

Protective Coating ; G

Steel Railings and Handrails ; G

Aluminum Railings and Handrails ; G

Anchorage and Fastening Systems ; G

SD-07 Certificates

Welding Procedures ; G

Welder Qualification ; G

SD-08 Manufacturer's Instructions

Installation Instructions

1.4   QUALITY CONTROL

1.4.1   Welding Procedures

Section 05 05 23.16  STRUCTURAL WELDING applies to work specified in this 
section.

Submit results of welding procedures  testing in accordance with 
AWS D1.1/D1.1M  made in the presence of the Contracting Officer and by an 
approved testing laboratory at the Contractor's expense.

1.4.2   Welder Qualification

Submit certified welder qualification  by tests in accordance with 
AWS D1.1/D1.1M , or under an equivalent approved qualification test.  In 
addition, perform tests on test pieces in positions and with clearances 
equivalent to those actually encountered.  If a test weld fails to meet 
requirements, conduct an immediate retest of two test welds and ensure 
that each test weld passes.  Failure in the immediate retest will require 
that the welder be retested after further practice or training and make a 
complete set of test welds.

PART 2   PRODUCTS

2.1   FABRICATION

Preassemble items in the shop to the greatest extent possible.  
Disassemble units only to the extent necessary for shipping and handling.  
Clearly mark units for reassembly and coordinated installation.

For the fabrication of work exposed to view, use only materials that are 
smooth and free of surface blemishes, including pitting, seam marks, 
roller marks, rolled trade names, and roughness.  Remove blemishes by 
grinding, or by welding and grinding, before cleaning, treating, and 
applying surface finishes, including zinc coatings.

Provide railing and handrail detail plans and elevations at not less than  
1 inch to 1 foot .  Provide details of sections and connections at not less 
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than  3 inches to 1 foot .  Also detail setting drawings, diagrams, 
templates for installation of anchorages, including concrete inserts, 
anchor bolts, and miscellaneous metal items having integral anchors.

Use materials of size and thicknesses indicated or, if not indicated, of 
the size and thickness necessary to produce adequate strength and 
durability in the finished product for its intended use.  Work the 
materials to the dimensions indicated on approved detail drawings, using 
proven details of fabrication and support.  Use the type of materials 
indicated or specified for the various components of work.

Form exposed work true to line and level, with accurate angles and 
surfaces and straight sharp edges.  Ensure that all exposed edges are 
eased to a radius of approximately  1/32 inch .  Bend metal corners to the 
smallest radius possible without causing grain separation or otherwise 
impairing the work.

Weld corners and seams continuously and in accordance with the 
recommendations of AWS D1.1/D1.1M .  Grind exposed welds smooth and flush 
to match and blend with adjoining surfaces.

Form the exposed connections with hairline joints that are flush and 
smooth, using concealed fasteners wherever possible.  Use exposed 
fasteners of the type indicated or, if not indicated, use countersunk 
Phillips flathead screws or bolts.

Provide anchorage of the type indicated and coordinated with the 
supporting structure.  Fabricate anchoring devices and space as indicated 
and as required to provide adequate support for the intended use of the 
work.

Use hot-rolled steel bars for work fabricated from bar stock unless work 
is indicated or specified to be fabricated from cold-finished or 
cold-rolled stock.

2.1.1   Steel Handrails

Fabricate joint posts, rail, and corners by one of the following methods:

a.  Flush-type rail fittings of commercial standard, welded and ground 
smooth, with railing splice locks secured with  3/8 inch  
hexagonal-recessed-head setscrews.

b.  Mitered and welded joints made by fitting post to top rail and 
intermediate rail to post, mitering corners, groove-welding joints, 
and grinding smooth.  Butt railing splices and reinforce them by a 
tight-fitting interior sleeve not less than  6 inches  long.

c.  Railings may be bent at corners in lieu of jointing, provided that 
bends are made in suitable jigs and the pipe is not crushed.

2.1.2   Protective Coating

Shop-prime the steelwork as indicated in accordance with Section 09 90 00  
PAINTS AND COATINGS except the following:

a.  steel surfaces encased in concrete

b.  steel surfaces for welding
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c.  high-strength bolt-connected contact surfaces

Provide hot-dipped galvanized steelwork as indicated in accordance with 
ASTM A123/A123M .  Touch up abraded surfaces and cut ends of galvanized 
members with zinc-dust, zinc-oxide primer, or an approved galvanizing 
repair compound.

2.2   COMPONENTS

2.2.1   Structural Steel Plates, Shapes And Bars

Provide structural-size shapes and plates, except plates to be bent or 
cold-formed, conforming to ASTM A36/A36M, unless otherwise noted.

Provide steel plates, to be bent or cold-formed, conforming to 
ASTM A283/A283M , Grade C.

Provide steel bars and bar-size shapes conforming to ASTM A36/A36M, unless 
otherwise noted.

2.2.2   Structural-Steel Tubing

Provide structural-steel tubing, hot-formed, welded or seamless, 
conforming to ASTM A500/A500M , Grade B, unless otherwise noted.

2.2.3   Steel Pipe

Provide pipe conforming to ASTM A53/A53M, type as selected, Grade B; 
primed finish, unless galvanizing is required; standard weight (Schedule 
40).

2.2.4   Concrete Inserts

Provide threaded-type concrete inserts consisting of galvanized ferrous 
castings, internally threaded to receive  3/4 inch  diameter machine bolts; 
either malleable iron conforming to ASTM A47/A47M or cast steel conforming 
to ASTM A27/A27M, hot-dip galvanized in accordance with ASTM A153/A153M .

2.2.5   Masonry Anchorage Devices

Provide masonry anchorage devices consisting of expansion shields 
complying with AASHTO M 314, ASTM E488/E488M  and ASTM C514 as follows:

Provide lead expansion shields for machine screws and bolts 1/4 inch 
and smaller; head-out embedded nut type, single-unit class, Group I, 
Type 1, Class 1.

2.2.6   Fasteners

Provide galvanized zinc-coated fasteners in accordance with ASTM A153/A153M
 used for exterior applications or where built into exterior walls or 
floor systems.  Select fasteners for the type, grade, and class required 
for the installation of steel stair items.

2.2.7   Steel Railings And Handrails

Design handrails to resist a concentrated load of 200 lb  in any direction 
at any point of the top of the rail or 50 lb per foot  applied horizontally 
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to the top of the rail, whichever is more severe.  NAAMM AMP 521, provide 
the same size rail and post.  Provide pipe collars of the same material 
and finish as the handrail and posts.  

2.2.7.1   Steel Handrails

Provide steel handrails, including inserts in concrete, steel pipe 
conforming to ASTM A53/A53M.  Provide steel railings of  1 1/2 inch  nominal 
size, hot-dip galvanized and shop-painted.

PART 3   EXECUTION

3.1   PREPARATION

Adjust stair railings and handrails before securing in place in order to 
ensure proper matching at butting joints and correct alignment throughout 
their length.  Space posts not more than  8 feet  on center.  Plumb posts in 
each direction.  Secure posts and rail ends to building construction as 
follows:

a.  Anchor posts in concrete by means of pipe sleeves set and anchored 
into concrete.  Provide sleeves of galvanized, standard-weight, steel 
pipe, not less than  6 inches  long, and having an inside diameter not 
less than  1/2 inch  greater than the outside diameter of the inserted 
pipe post.  Provide steel plate closure secured to the bottom of the 
sleeve, with closure width and length not less than  1 inch  greater 
than the outside diameter of the sleeve.  After posts have been 
inserted into sleeves, fill the annular space between the post and 
sleeve with nonshrink grout ora quick-setting hydraulic cement.  Cover 
anchorage joint with a round steel flange welded to the post.

Secure handrails to walls by means of wall brackets and wall return 
fitting at handrail ends.  Provide brackets of malleable iron castings, 
with not less than  3 inch  projection from the finished wall surface to the 
center of the pipe, drilled to receive one  3/8 inch  bolt.  Locate brackets 
not more than  60 inches  on center.  Provide wall return fittings of cast 
iron castings, flush type, with the same projection as that specified for 
wall brackets.  Secure wall brackets and wall return fittings to building 
construction as follows:

3.2   INSTALLATION

Submit manufacturer's installation instructions  for the following products 
to be used in the fabrication of steel and hand rail work:

a.  Structural-steel tubing

b.  Steel railings and handrails

c.  Aluminum railings and handrails

d.  Anchorage and fastening systems

Provide complete, detailed fabrication and installation drawings for all 
iron and steel hardware , and for all steel shapes, plates, bars, and strips
 used in accordance with the design specifications cited in this section.
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3.2.1   Steel Handrail

Install handrail in pipe sleeves embedded in concrete and filled with 
nonshrink grout or quick-setting anchoring cement with anchorage covered 
with standard pipe collar pinned to post.

3.2.2   Aluminum Handrail

Affix to base structure by flanges anchored to concrete or other existing 
masonry by expansion shields.  Provide Series 300 stainless-steel bolts to 
anchor aluminum alloy flanges, of a size appropriate to the standard 
product of the manufacturer.  Where aluminum or alloy fittings or 
extrusions are to be in contact with dissimilar metals or concrete, coat 
the contact surface with a heavy coating of bituminous paint.

3.2.3   Touchup Painting

Immediately after installation, clean field welds, bolted connections, 
abraded areas of the shop paint, and exposed areas painted with the paint 
used for shop painting.  Apply paint by brush or spray to provide a 
minimum dry-film thickness of  2 mils .

3.3   FIELD QUALITY CONTROL

3.3.1   Field Welding

Ensure that procedures of manual shielded metal arc welding, appearance 
and quality of welds made, and methods used in correcting welding work 
comply with AWS D1.1/D1.1M .

        -- End of Section --
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SECTION 06 10 00

ROUGH CARPENTRY
08/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN FOREST FOUNDATION (AFF)

ATFS STANDARDS (2015) American Tree Farm System Standards 
of Sustainability 2015-2020

AMERICAN LUMBER STANDARDS COMMITTEE (ALSC)

ALSC PS 20 (2015) American Softwood Lumber Standard

AMERICAN WOOD COUNCIL (AWC)

AWC NDS (2015) National Design Specification (NDS) 
for Wood Construction

AWC WFCM (2012) Wood Frame Construction Manual for 
One- and Two-Family Dwellings

AMERICAN WOOD PROTECTION ASSOCIATION (AWPA)

AWPA BOOK (2015) AWPA Book of Standards

AWPA M2 (2016) Standard for the Inspection of 
Preservative Treated Wood Products for 
Industrial Use

AWPA M6 (2013) Brands Used on Preservative Treated 
Materials

AWPA P5 (2015) Standard for Waterborne 
Preservatives

AWPA P18 (2014) Nonpressure Preservatives

AWPA P49 (2015) Standard for Fire Retardant FR-1

AWPA T1 (2017) Use Category System: Processing and 
Treatment Standard

AWPA U1 (2017) Use Category System: User 
Specification for Treated Wood

APA - THE ENGINEERED WOOD ASSOCIATION (APA)

APA E445 (2002) Performance Standards and 
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Qualification Policy for Structural-Use 
Panels (APA PRP-108)

APA F405 (19) Product Guide:  Performance Rated 
Panels

APA L870 (2010) Voluntary Product Standard, PS 
1-09, Structural Plywood

APA S350 (2014) PS 2-10, Performance Standard for 
Wood-Based Structural-Use Panels

ASTM INTERNATIONAL (ASTM)

ASTM D2898 (2010; R 2017) Standard Practice for 
Accelerated Weathering of 
Fire-Retardant-Treated Wood for Fire 
Testing

CSA GROUP (CSA)

CSA Z809-08 (R2013) Sustainable Forest Management

FM GLOBAL (FM)

FM 4435 (2013) Roof Perimeter Flashing

FOREST STEWARDSHIP COUNCIL (FSC)

FSC STD 01 001 (2015) Principles and Criteria for Forest 
Stewardship

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2018) International Building Code

NATIONAL HARDWOOD LUMBER ASSOCIATION (NHLA)

NHLA Rules (2015) Rules for the Measurement & 
Inspection of Hardwood & Cypress

NORTHEASTERN LUMBER MANUFACTURERS ASSOCIATION (NELMA)

NELMA Grading Rules (2013) Standard Grading Rules for 
Northeastern Lumber

PROGRAMME FOR ENDORSEMENT OF FOREST CERTIFICATION (PEFC)

PEFC ST 2002:2013 (2015) PEFC International Standard Chain 
of Custody of Forest Based Products 
Requirements

REDWOOD INSPECTION SERVICE (RIS) OF THE CALIFORNIA REDWOOD 
ASSOCIATION (CRA)

RIS Grade Use (1998) Redwood Lumber Grades and Uses
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SOUTHERN CYPRESS MANUFACTURERS ASSOCIATION (SCMA)

SCMA Spec (1986; Supple. No. 1, Aug 1993) Standard 
Specifications for Grades of Southern 
Cypress

SOUTHERN PINE INSPECTION BUREAU (SPIB)

SPIB 1003 (2014) Standard Grading Rules for Southern 
Pine Lumber

SUSTAINABLE FOREST INITIATIVE (SFI)

SFI 2015-2019 (2015) Standards, Rules for Label Use, 
Procedures and Guidance

U.S. DEPARTMENT OF COMMERCE (DOC)

DOC/NIST PS56 (1973) Structural Glued Laminated Timber

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

WEST COAST LUMBER INSPECTION BUREAU (WCLIB)

WCLIB 17 (2015) Standard Grading Rules

WESTERN WOOD PRODUCTS ASSOCIATION (WWPA)

WWPA G-5 (2017) Western Lumber Grading Rules

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance with Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Nailers and Nailing Strips ; G

Drawings of field erection details, including materials and 
methods of fastening nailers in conformance with Factory Mutual 
wind uplift rated systems specified in other Sections of these 
specifications.

SD-06 Test Reports

Preservative-treated  Lumber and Plywood

SD-07 Certificates

Certificates of Grade
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Certified Sustainably Harvested Natural-decay and Insect-resistant 
Wood; S

Certified Sustainably Harvested Framing Lumber ; S

Certified Sustainably Harvested Plywood Wall Sheathing ; S

1.3   DELIVERY AND STORAGE

Deliver materials to the site in an undamaged condition.  Store, protect, 
handle, and install prefabricated structural elements in accordance with 
manufacturer's instructions and as specified.  Store materials off the 
ground to provide proper ventilation, with drainage to avoid standing 
water, and protection against ground moisture and dampness.  Store 
materials with a moisture barrier at both the ground level and as a cover 
forming a well ventilated enclosure.  Store wood I-beams and 
glue-laminated beams and joists on edge.  Adhere to requirements for 
stacking, lifting, bracing, cutting, notching, and special fastening 
requirements. Do not use materials that have visible moisture or 
biological growth.  Remove defective and damaged materials and provide new 
materials.  Store separated reusable wood waste convenient to cutting 
station and area of work.

1.4   GRADING AND MARKING

1.4.1   Lumber

Mark each piece of framing and board lumber or each bundle of small pieces 
of lumber with the grade mark of a recognized association or independent 
inspection agency.  Such association or agency must be certified by the 
Board of Review, American Lumber Standards Committee, to grade the species 
used.  Surfaces that are to be exposed to view must not bear grademarks, 
stamps, or any type of identifying mark.  Hammer marking will be permitted 
on timbers when all surfaces will be exposed to view.

1.4.2   Plywood

Mark each sheet with the mark of a recognized association or independent 
inspection agency that maintains continuing control over the quality of 
the plywood.  The mark must identify the plywood by species group or span 
rating, exposure durability classification, grade, and compliance with 
APA L870 .  Surfaces that are to be exposed to view must not bear 
grademarks or other types of identifying marks.

1.4.3   Preservative-Treated  Lumber and Plywood

The Contractor is responsible for the quality of treated wood products.  
Each treated piece must be inspected in accordance with AWPA M2 and 
permanently marked or branded, by the producer, in accordance with AWPA M6.  
The Contractor must provide Contracting Officer's Representative (COR) 
with the inspection report of an approved independent inspection agency 
that offered products comply with applicable AWPA Standards.  The 
appropriate Quality Mark on each piece will be accepted, in lieu of 
inspection reports, as evidence of compliance with applicable AWPA 
treatment standards.
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1.4.4   Fire-Retardant Treated Lumber

Mark each piece in accordance with AWPA M6, except pieces that are to be 
natural or transparent finished.  In addition, exterior fire-retardant 
lumber must be distinguished by a permanent penetrating blue stain.   
Labels of a nationally recognized independent testing agency will be 
accepted as evidence of conformance to the fire-retardant requirements of 
AWPA M6.

1.4.5   Hardboard, Gypsum Board, and Fiberboard

Mark each sheet or bundle to identify the standard under which the 
material is produced and the producer.

1.5   SIZES AND SURFACING

ALSC PS 20  for dressed sizes of yard and structural lumber.  Lumber must 
be surfaced four sides.  Size references, unless otherwise specified, are 
nominal sizes, and actual sizes must be within manufacturing tolerances 
allowed by the standard under which the product is produced.  Other 
measurements are IP or SI standard.

1.6   MOISTURE CONTENT

Air-dry or kiln-dry lumber.  Kiln-dry treated lumber after treatment. 
Maximum moisture content of wood products must be as follows at the time 
of delivery to the job site:

a.  Framing lumber and board, 19 percent maximum

b.  Materials other than lumber; moisture content must be in accordance 
with standard under which the product is produced

1.7   PRESERVATIVE TREATMENT

Treat wood products with waterborne wood preservatives conforming to 
AWPA P5.  Pressure treatment of wood products must conform to the 
requirements of AWPA BOOK Use Category System Standards U1 and T1.  
Pressure-treated wood products must not contain arsenic, chromium, or 
other agents classified as carcinogenic, probably carcinogenic, or 
possibly carcinogenic to humans (compounds in Groups 1, 2A, or 2B) by the 
International Agency for Research on Cancer (IARC), Lyon, France.  
Pressure-treated wood products must not exceed the limits of the U.S. 
EPA's Toxic Characteristic Leaching Procedure (TCLP), and must not be 
classified as hazardous waste.  Submit certification from treating plant 
stating chemicals and process used and net amount of preservatives 
retained are in conformance with specified standards.  In accordance with 
AWPA U1 provide non-copper preservative treatment such as EL2, PTI or 
SBX,DOT for products in direct contact with sheet metal.

a.  0.25 pcf  intended for above ground use.

b.  0.40 pcf  intended for ground contact and fresh water use.  0.60 pcf  
intended for Ammoniacal Copper Quaternary Compound (ACQ)-treated 
foundations.  0.80 to 1.00 pcf  intended for ACQ-treated pilings.  All 
wood must be air or kiln dried after treatment.  Specific treatments 
must be verified by the report of an approved independent inspection 
agency, or the AWPA Quality Mark on each piece. Minimize cutting and 
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avoid breathing sawdust.  Brush coat areas that are cut or drilled 
after treatment with either the same preservative used in the 
treatment or with a 2 percent copper naphthenate solution. Plastic 
lumber must not be preservative treated.  The following items must be 
preservative treated:

(1) Nailers, edge strips, crickets, curbs, and cants for roof decks.

1.7.1   Existing Structures

Use borate, permathrin, or a sodium silicate wood mineralization process 
to treat wood.  Use borate for interior applications only.

1.7.2   New Construction

Use a boron-based preservative conforming to AWPA P18, sodium silicate 
wood mineralization process, or Ammoniacal Copper Quaternary Compound to 
treat wood.  Use boron-based preservatives for above-ground applications 
only.

1.8   FIRE-RETARDANT TREATMENT

Fire-retardant treated wood must be pressure treated with fire retardants 
conforming to AWPA P49.  Fire retardant treatment of wood products must 
conform to the requirements of AWPA U1, Commodity Specification H and 
AWPA T1, Section H.  Treatment and performance inspection must be by an 
independent and qualified testing agency that establishes performance 
ratings.  Each piece or bundle of treated material must bear 
identification of the testing agency to indicate performance in accordance 
with such rating.  Treated materials to be exposed to rain wetting must be 
subjected to an accelerated weathering technique in accordance with 
ASTM D2898 prior to being tested.  Such items which will not be inside a 
building, and such items which will be exposed to heat or high humidity, 
must receive exterior fire-retardant treatment.  Fire-retardant-treated 
wood products must be free of halogens, sulfates, ammonium phosphate, and 
formaldehyde.  Items to be treated include the following:

a.  See drawings .

1.9   QUALITY ASSURANCE

1.9.1   Drawing Requirements

For fabricated structural members , trusses, qlu-lam members, indicate 
materials, details of construction, methods of fastening, and erection 
details.  Include reference to design criteria used and manufacturers 
design calculations.  Submit drawings for all proposed modifications of 
structural members.  Do not proceed with modifications until the submittal 
has been approved.

1.9.2   Data Required

Submit calculations and drawings for all proposed modifications of 
structural members .  Do not proceed with modifications until the submittal 
has been approved.

1.9.3   Humidity Requirements

Sequence work to minimize use of temporary HVAC to dry out building and 
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control humidity.

1.10   ENVIRONMENTAL REQUIREMENTS

During and immediately after installation of treated wood, engineered wood 
products, and laminated wood products at interior spaces, provide 
temporary ventilation.

1.11   CERTIFICATIONS

1.11.1   Certified Wood Grades

Provide certificates of grade  from the grading agency on graded but 
unmarked lumber or plywood attesting that materials meet the grade 
requirements specified herein.

1.11.2   Certified Sustainably Harvested Wood

Provide wood certified as sustainably harvested by FSC STD 01 001 [ 
ATFS STANDARDS, CSA Z809-08 , SFI 2015-2019 , or other third party program 
certified by PEFC ST 2002:2013 .  Provide a letter of Certification of 
Sustainably Harvested Wood signed by the wood supplier.  Identify 
certifying organization and their third party program name and indicate 
compliance with chain-of-custody program requirements.  Submit sustainable 
wood certification data; identify each certified product on a line item 
basis.  Submit copies of invoices bearing certification numbers.

1.11.3   Indoor Air Quality Certifications

Submit required indoor air quality certifications in one submittal package.

1.11.3.1   Adhesives and Sealants

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification or validation by other third-party programs that 
products meet the requirements of this Section.  Provide current product 
certification documentation from certification body.  When product does 
not have certification, provide validation that product meets the indoor 
air quality product requirements cited herein.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Virgin Lumber

Lumber fabricated from old growth timber is not permitted.  Avoid 
companies who buy, sell, or use old growth timber in their operations, 
when possible.

2.2   LUMBER2.2.1   Framing Lumber

Framing lumber such as studs, plates, caps, collar beams, cant strips, 
bucks, sleepers, nailing strips , and nailers and board lumber such as 
subflooring and wall and roof sheathing must be one of the species listed 
in the table below.  Minimum grade of species must be as listed. 
Finger-jointed lumber may be used in the same applications as solid lumber 
of an equivalent species and grade, provided the finger-jointed lumber 
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meets all the requirements of the certification and the quality control 
programs of the rules writing agency having jurisdiction and all 
applicable requirements of DOC/NIST PS56 .  Provide certified sustainably 
harvested framing lumber .

Table of Grades for Framing and Board Lumber

Grading Rules Species Framing Board Lumber

WWPA G-5 standard 
grading rules

Aspen, Douglas 
Fir-Larch, Douglas 
Fir South, 
Engelmann 
Spruce-Lodgepole 
Pine, Engelmann 
Spruce, Hem-Fir, 
Idaho White Pine, 
Lodgepole Pine, 
Mountain Hemlock, 
Mountain 
Hemlock-Hem-Fir, 
Ponderosa 
Pine-Sugar Pine, 
Ponderosa 
Pine-Lodgepole 
Pine, Subalpine 
Fir, White Woods, 
Western Woods, 
Western Cedars, 
Western Hemlock

All Species:  
Standard Light 
Framing or No. 3 
Structural Light 
Framing (Stud 
Grade for 2x4 
nominal size,  10 
feet  and shorter)

All Species:  
No. 3 Common

WCLIB 17  standard 
grading rules

Douglas Fir-Larch, 
Hem-Fir, Mountain 
Hemlock, Sitka 
Spruce, Western 
Cedars, Western 
Hemlock

All Species:  
Standard Light 
Framing or No. 3 
Structural Light 
Framing (Stud 
Grade for 2x4 
nominal size,  10 
feet  and shorter)

All Species:  
Standard
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Table of Grades for Framing and Board Lumber

Grading Rules Species Framing Board Lumber

SPIB 1003  standard 
grading rules

Southern Pine All Species:  
Standard Light 
Framing or No. 3 
Structural Light 
Framing (Stud 
Grade for 2x4 
nominal size,  10 
feet  and shorter)

No. 2 Boards

SCMA Spec standard 
specifications

Cypress No. 2 Common No. 2 Common

NELMA Grading Rules  
standard grading rules

Balsam Fir, Eastern 
Hemlock-Tamarack, 
Eastern Spruce, 
Eastern White Pine, 
Northern Pine, 
Northern Pine-Cedar

All Species:  
Standard Light 
Framing or No. 3 
Structural Light 
Framing (Stud 
Grade for 2x4 
nominal size,  10 
feet  and shorter)

All Species:  
No. 3 Common 
except Standard 
for Eastern 
White and 
Northern Pine

RIS Grade Use  
standard 
specifications

Redwood All Species:  
Standard Light 
Framing or No. 3 
Structural Light 
Framing (Stud 
Grade for 2x4 
nominal size,  10 
feet  and shorter)

Construction 
Heart
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Table of Grades for Framing and Board Lumber

Grading Rules Species Framing Board Lumber

NHLA Rules  rules for 
the measurement and 
inspection of 
hardwood and cypress 
lumber

Cypress No. 2 Dimension No. 2 Common

2.3   PLYWOOD, STRUCTURAL-USE, AND ORIENTED STRAND BOARD (OSB) PANELS

APA L870 , APA S350 , APA E445 , and APA F405  respectively.

2.3.1   Combination Subfloor-Underlayment

2.3.1.1   Plywood

Support Spacing Underlayment Minimum Thickness

 16 inches  1/2 inch  for Group 1 species

 19/32 inch  for Group 2 and 3 species

 23/32 inch  for Group 4 species

 24 inches  23/32 inch  for Group 1 species

 7/8 inch  for Group 2 and 3 species

 1 inch  for Group 4 species

2.4   OTHER MATERIALS

2.4.1   Miscellaneous Wood Members

2.4.1.1   Nonstress Graded Members

Member Size  inch

Bridging  1 x 3  or  1 x 4  for use between members  2 x 12  and smaller;  2 x 4  for 
use between members larger than  2 x 12 .

Corner bracing  1 x 4 .
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Member Size  inch

Furring  1 x [2] [3]

Grounds Plaster thickness by 38.

Nailing strips  1 x 3  or  1 x 4  when used as shingle base or interior finish, 
otherwise  2 inch  stock.

2.4.1.2   Blocking

Blocking must be standard or number 2 grade.

PART 3   EXECUTION

3.1   INSTALLATION

Do not install building construction materials that show visual evidence 
of biological growth.

Conform to AWC WFCM and install in accordance with the National 
Association of Home Builders (NAHB) Advanced Framing Techniques: Optimum 
Value Engineering, unless otherwise indicated or specified.  Select lumber 
sizes to minimize waste.  Fit framing lumber and other rough carpentry, 
set accurately to the required lines and levels, and secure in place in a 
rigid manner.  Space plastic lumber boards as necessary to allow for 
lengthwise expansion and contraction.  Do not splice framing members 
between bearing points.  Set joists, rafters, and purlins with their crown 
edge up.  Frame members for the passage of pipes, conduits, and ducts.  
Provide adequate support as appropriate to the application, climate, and 
modulus of elasticity of the product.  Do not cut or bore structural 
members for the passage of ducts or pipes without approval.  Reinforce all 
members damaged by such cutting or boring by means of specially formed and 
approved sheet metal or bar steel shapes, or remove and provide new, as 
approved.  Provide as necessary for the proper completion of the work all 
framing members not indicated or specified. Spiking and nailing not 
indicated or specified otherwise must be in accordance with the Nailing 
Schedule contained in ICC IBC ; perform bolting in an approved manner. 
Spikes, nails, and bolts must be drawn up tight.  Install plastic lumber 
with screws or bolts; if nails are used, use ring shank or spiral shank 
nails.  Timber connections and fastenings must conform to AWC NDS. Use 
slate or steel shims when leveling joists, beams, and girders on masonry 
or concrete.  Do not use shimming on wood or metal bearings.  When joists, 
beams, and girders are placed on masonry or concrete, a wood base plate 
must be positioned and leveled with grout.  The joist, beam, or girder 
must then be placed on the plate.  When joists, beams, and girders are set 
into masonry or concrete, a pocket must be formed into the wall.  The 
joist, beam, or girder must then be placed into the pocket and leveled 
with a steel shim.

3.1.1   Sills

Set sills level and square and wedge with steel or slate shims; point or 
grout with non-shrinking cement mortar to provide continuous and solid 
bearing.  Anchor sills to the foundations as indicated.  Where sizes and 
spacing of anchor bolts are not indicated, provide not less than  5/8 inch  
diameter bolts at all corners and splices and space at a maximum of  6 feet  
o.c. between corner bolts.  Provide at least two bolts for each sill 
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member.  Lap and splice sills at corners and bolt through the laps or butt 
the ends and through-bolt not more than  6 inches  from the ends.  Provide 
bolts with plate washers and nuts.  Bolts in exterior walls must be 
zinc-coated.

3.1.2   Wall Sheathing

3.1.2.1   Plywood, Structural-Use, and OSB Panel Wall Sheathing

Apply horizontally or vertically.  Extend sheathing over and nail to sill 
and top plate.  Abut sheathing edges over centerlines of supports.  Allow  
1/8 inch  spacing between panels and  1/8 inch  at windows and doors. If 
sheathing is applied horizontally, stagger vertical end joints.  Nail 
panels with 6-penny nails spaced  6 inches  o.c. along edges of the panel and
 12 inches  o.c. over intermediate supports.  Keep nails  3/8 inches  away 
from panel ledges.  Provide 2 by 4 blocking for horizontal edges not 
otherwise supported.

3.2   MISCELLANEOUS

3.2.1   Wood Roof Nailers, Edge Strips, Crickets, Curbs, and Cants

Provide sizes and configurations indicated or specified and anchored 
securely to continuous construction.

3.2.1.1   Roof Edge Strips and Nailers

Provide at perimeter of roof, around openings through roof, and where 
roofs abut walls, curbs, and other vertical surfaces.  Except where 
indicated otherwise, nailers must be  6 inches  wide and the same thickness 
as the insulation.  Anchor nailers securely to underlying construction.  
Anchor perimeter nailers in accordance with FM 4435 .

3.2.2   Wood Blocking

Provide proper sizes and shapes at proper locations for the installation 
and attachment of wood and other finish materials, fixtures, equipment, 
and items indicated or specified.

3.2.3   Temporary Closures

Provide with hinged doors and padlocks and install during construction at 
exterior doorways and other ground level openings that are not otherwise 
closed.  Cover windows and other unprotected openings with polyethylene or 
other approved material, stretched on wood frames.  Provide dustproof 
barrier partitions to isolate areas as directed.

3.3   SPECIAL INSPECTION AND TESTING FOR SEISMIC-RESISTING SYSTEMS

Special inspections and testing for seismic-resisting systems and 
components must be done in accordance with Section 01 45 35  SPECIAL 
INSPECTIONS.

3.4   WASTE MANAGEMENT OF WOOD PRODUCTS

In accordance with the Waste Management Plan and as specified.  Separate 
and reuse scrap sheet materials larger  than  2 square feet , framing 
members larger than  16 inches , and multiple  offcuts of any size larger 
than  12 inches .  Clearly separate damaged wood and other scrap lumber for 
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acceptable alternative uses on site, including bracing, blocking, 
cripples, ties, and shims.

Separate composite wood from other wood types and recycle or reuse.  
Coordinate with manufacturer for take-back program  and submit 
manufacturer's policy statement on program.  Set aside scrap plastic lumber
 and return to manufacturer for recycling into new product.  When such a 
service is not available, local recyclers must be sought after to reclaim 
the materials.  Fold up metal banding, flatten, and recycle.

Separate treated, stained, painted, and contaminated wood and place in 
designated area for hazardous materials.   Dispose of according to local 
regulations.  Do not leave any wood, shavings, sawdust, or other wood 
waste buried in fill or on the ground.  Prevent sawdust and wood shavings 
from entering the storm drainage system. Do not burn scrap lumber that has 
been pressure treated, or lumber that is less than one year old.

        -- End of Section --
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PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A161.2 (1998) Decorative Laminate Countertops, 
Performance Standards for Fabricated High 
Pressure

ASTM INTERNATIONAL (ASTM)

ASTM F547 (2017) Standard Terminology of Nails for 
Use with Wood and Wood-Base Materials

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

ANSI/BHMA A156.9 (2015) Cabinet Hardware

COMPOSITE PANEL ASSOCIATION (CPA)

CPA A208.2 (2016) Medium Density Fiberboard (MDF) for 
Interior Applications

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI/NEMA LD 3 (2005) Standard for High-Pressure 
Decorative Laminates

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED BD+C (2009; R 2010) Leadership in Energy and 
Environmental Design(tm) Building Design 
and Construction (LEED-NC)

UL ENVIRONMENT (ULE)

ULE Greenguard UL Greenguard Certification Program

WINDOW AND DOOR MANUFACTURERS ASSOCIATION (WDMA)

ANSI/WDMA I.S.1A (2013) Interior Architectural Wood Flush 
Doors
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WOODWORK INSTITUTE (WI)

NAAWS 3.1 (2017; 2018 Errata Edition) North American 
Architectural Woodwork Standards

1.2   SYSTEM DESCRIPTION

Work in this section includes laminate clad custom casework cabinets as 
shown on the drawings and as described in this specification.  This 
Section includes high-pressure laminate surfacing and cabinet hardware.  
Comply with EPA requirements in accordance with Section 01 33 29  
SUSTAINABILITY REPORTING.  All exposed and semi-exposed surfaces, whose 
finish is not otherwise noted on the drawings or finish schedule, shall be 
sanded smooth and shall receive a clear finish of polyurethane.  Wood 
finish may be shop finished or field applied in accordance with Section 
09 90 00  PAINTS AND COATINGS.

1.3   SUSTAINABILITY REPORTING

Materials in this technical specification may contribute towards contract 
compliance with sustainability requirements.  See Section 01 33 29  
SUSTAINABILITY REPORTING for project LEED BD+C  local/regional materials,  
low-emitting materials,  recycled content, certified wood and  rapidly 
renewable materials LEED documentation  requirements.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Shop Drawings
Installation

SD-03 Product Data

Wood Materials
Wood Finishes
Finish Schedule
Certification

SD-04 Samples

Plastic Laminates
Cabinet Hardware

SD-07 Certificates

Quality Assurance
Laminate Clad Casework

SD-11 Closeout Submittals
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LEED Documentation

1.5   QUALITY ASSURANCE

1.5.1   General Requirements

Unless otherwise noted on the drawings, all materials, construction 
methods, and fabrication shall conform to and comply with the premium 
custom grade quality standards as outlined in NAAWS 3.1, Section for 
laminate clad cabinets.  These standards shall apply in lieu of omissions 
or specific requirements in this specification.  Contractors and their 
personnel engaged in the work shall be able to demonstrate successful 
experience with work of comparable extent, complexity and quality to that 
shown and specified.  Submit a quality control statement which illustrates 
compliance with and understanding of NAAWS 3.1 requirements, in general, 
and the specific NAAWS 3.1 requirements provided in this specification.  
The quality control statement shall also certify a minimum of ten years 
Contractor's experience in laminate clad casework fabrication and 
construction.  The quality control statement shall provide a list of a 
minimum of five successfully completed projects of a similar scope, size, 
and complexity.

1.5.2   Mock-ups

Prior to final approval of shop drawings , provide a full-size mock-up of a 
typical floor cabinet wall cabinet, including all components and hardware 
necessary to illustrate a completed unit with a minimum of one door and 
one drawer assembly.  The completed mock-up shall include countertops and 
back splashes where specified.  The mock-up shall utilize specified 
finishes in the patterns and colors as indicated in Section 09 06 00  
SCHEDULES FOR FINISHES.  Upon disapproval, rework or remake the mock-up 
until approval is secured.  Remove rejected units from the jobsite.  
Approved mock-up may remain as part of the finished work.  Submit shop 
drawings showing all fabricated casework items in plan view, elevations 
and cross-sections to accurately indicate materials used, details of 
construction, dimensions, methods of fastening and erection, and 
installation methods proposed.  Shop drawing casework items shall be 
clearly cross-referenced to casework items located on the project 
drawings.  Shop drawings shall include a color schedule of all casework 
items to include all countertop, exposed, and semi-exposed cabinet 
finishes to include finish material manufacturer, pattern, and color.

1.5.3   Sustainable Design Certification

Product shall be third party certified in accordance with ULE Greenguard  
Gold, SCS Scientific Certification Systems Indoor Advantage Gold or 
equal.  Certification shall be performed annually and shall be current.

1.6   DELIVERY, STORAGE, AND HANDLING

Casework may be delivered knockdown or fully assembled.  Deliver all units 
to the site in undamaged condition, stored off the ground in fully 
enclosed areas, and protected from damage.  The storage area shall be well 
ventilated and not subject to extreme changes in temperature or humidity.

1.7   SEQUENCING AND SCHEDULING

Coordinate work with other trades.  Units shall not be installed in any 
room or space until painting, and ceiling installation are complete within 
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the room where the units are located.  Floor cabinets shall be installed 
before finished flooring materials are installed.

PART 2   PRODUCTS

2.1   WOOD MATERIALS

2.1.1   Lumber

a.  All framing lumber shall be kiln-dried Grade III to dimensions as 
shown on the drawings.  Frame front, where indicated on the drawings, 
shall be nominal  3/4 inch  hardwood.

2.1.2   Panel Products

2.1.2.1   Plywood

All plywood panels used for framing purposes shall be veneer core hardwood 
plywood, NAAWS 3.1 Grade AA.  Nominal thickness of plywood panels shall be 
as indicated in this specification and on the drawings.

2.1.2.2   Medium Density Fiberboard

Medium density fiberboard (MDF) shall be an acceptable panel substrate 
where noted on the drawings.  Medium density fiberboard shall meet the 
minimum standards listed in CPA A208.2 .

2.2   HIGH PRESSURE DECORATIVE LAMINATE (HPDL)

All plastic laminates  shall meet the requirements of ANSI/NEMA LD 3  and 
ANSI A161.2  for high-pressure decorative laminates.  Design, colors, 
surface finish and texture, and locations shall be as indicated on the 
drawings.  Submit two samples of each plastic laminate pattern and color.  
Samples shall be a minimum of  5 by 7 inches  in size.  Plastic laminate 
types and nominal minimum thicknesses for casework components shall be as 
indicated in the following paragraphs.

2.2.1   Cabinet Liner Standard (CLS) Grade

Cabinet liner standard grade plastic laminate shall be  0.020 inches  in 
thickness.  This laminate grade is intended for light duty semi-exposed 
interior surfaces of casework components.

2.2.2   Backing Sheet (BK) Grade

Undecorated backing sheet grade laminate is formulated specifically to be 
used on the backside of plastic laminated panel substrates to enhance 
dimensional stability of the substrate.  Backing sheet thickness shall be  
0.020 inches .  Backing sheets shall be provided for all laminated casework 
components where plastic laminate finish is applied to only one surface of 
the component substrate.

2.3   THERMOSET DECORATIVE OVERLAYS (MELAMINE)

Thermoset decorative overlays (melamine panels) shall be used for casework 
cabinet interior drawer interior all semi-exposed surfaces.
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2.4   EDGE BANDING

Edge banding for casework doors and drawer fronts shall be PVC vinyl and 
shall be  0.125 inch  thick.  Material width shall be  15/16 inches .  Color 
and pattern shall match exposed door and drawer front laminate pattern and 
color.

2.5   CABINET HARDWARE

Submit one sample of each cabinet hardware item specified to include hinges, 
pulls,  and drawer glides.  All hardware shall conform to ANSI/BHMA A156.9 , 
unless otherwise noted, and shall consist of the following components:

2.5.1   Door Hinges

Frameless concealed hinges  type, BHMA No. A156.9 .

2.5.2   Cabinet Pulls

Wire pulls  type, BHMA No. A156.9 .

2.5.3   Drawer Slide

Side mounted  type, BHMA No. A.156.9  with full extension and a minimum  75 
pound  load capacity.  Slides shall include an integral stop to avoid 
accidental drawer removal.

2.5.4   Adjustable Shelf Support System

Recessed (mortised) metal standards, BHMA No. BO4071, finish: stainless 
steel .  Support clips for the standards shall be open type, BHMA No. B04091 .
 

2.6   FASTENERS

Nails, screws, and other suitable fasteners shall be the size and type 
best suited for the purpose and shall conform to ASTM F547 where 
applicable.

2.7   ADHESIVES, CAULKS, AND SEALANTS

2.7.1   Adhesives

Adhesives shall be of a formula and type recommended by AWI.  Adhesives 
shall be selected for their ability to provide a durable, permanent bond 
and shall take into consideration such factors as materials to be bonded, 
expansion and contraction, bond strength, fire rating, and moisture 
resistance.  Adhesives shall meet local regulations regarding VOC 
emissions and off-gassing.

2.7.1.1   Wood Joinery

Adhesives used to bond wood members shall be a Type II for interior use 
polyvinyl acetate resin emulsion.  Adhesives shall withstand a bond test 
as described in ANSI/WDMA I.S.1A .

2.7.1.2   Laminate Adhesive

Adhesive used to join high-pressure decorative laminate to wood shall be 
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adhesive consistent with AWI and laminate manufacturer's recommendations .   
PVC edgebanding shall be adhered using a polymer-based hot melt glue.

2.7.2   Caulk

Caulk used to fill voids and joints between laminated components and 
between laminated components and adjacent surfaces shall be clear, 100 
percent silicone.

2.7.3   Sealant

Sealant shall be of a type and composition recommended by the substrate 
manufacturer to provide a moisture barrier at sink cutouts and all other 
locations where unfinished substrate edges may be subjected to moisture.

2.8   FABRICATION

Verify field measurements as indicated in the shop drawings  before 
fabrication.  Fabrication and assembly of components shall be accomplished 
at the shop site to the maximum extent possible.  Construction and 
fabrication of cabinets and their components shall meet or exceed the 
requirements for AWI premium custom grade unless otherwise indicated in 
this specification.  Cabinet style, in accordance with NAAWS 3.1, Section 
400-G descriptions, shall be flush overlay.

2.8.1   Base and Wall Cabinet Case Body

2.8.1.1   Cabinet Components

Frame members shall be glued-together, kiln-dried hardwood lumber.  Top 
corners, bottom corners, and cabinet bottoms shall be braced with either 
hardwood blocks or water-resistant glue and nailed in place metal or 
plastic corner braces.  Cabinet components shall be constructed from the 
following materials and thicknesses:

2.8.1.1.1   Body Members (Ends, Divisions, Bottoms, and Tops)

 3/4 inch  medium density fiberboard (MDF) panel product

2.8.1.1.2   Face Frames and Rails

 3/4 inch  panel product

2.8.1.1.3   Shelving

 3/4 inch   medium density fiberboard (MDF) panel product

2.8.1.1.4   Cabinet Backs

 1/4 inch   medium density fiberboard (MDF) panel product

2.8.1.1.5   Drawer Sides, Backs, and Subfronts

 1/2 inch  panel product

2.8.1.1.6   Drawer Bottoms

 1/4 inch   medium density fiberboard (MDF) panel product
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2.8.1.1.7   Door and Drawer Fronts

 3/4-inch   medium density fiberboard (MDF) panel product

2.8.1.2   Joinery Method for Case Body Members

2.8.1.2.1   Tops, Exposed Ends, and Bottoms

a.  Steel "European" assembly screws (  1-1/2 inch  from end,  5 inch  on 
center, fasteners will not be visible on exposed parts).

b.  Doweled, glued under pressure (approx. 4 dowels per  12 inches  of 
joint).

c.  Stop dado, glued under pressure, and either nailed, stapled or screwed 
(fasteners will not be visible on exposed parts).

d.  Spline or biscuit, glued under pressure.  

2.8.1.2.2   Exposed End Corner and Face Frame Attachment

2.8.1.2.2.1   Mitered Joint

lock miter or spline or biscuit, glued under pressure (no visible 
fasteners)

2.8.1.2.2.2   Non-Mitered Joint (90 degree)

butt joint glued under pressure (no visible fasteners)

2.8.1.2.3   Cabinet Backs (Wall Hung Cabinets)

Wall hung cabinet backs must not be relied upon to support the full weight 
of the cabinet and its anticipated load for hanging/mounting purposes.  
Method of back joinery and hanging/mounting mechanisms should transfer the 
load to case body members.  Fabrication method shall be:

2.8.1.2.3.1   Full Bound

Full bound, captured in grooves on cabinet sides, top, and bottom.  
Cabinet backs for floor standing cabinets shall be side bound, captured in 
grooves; glued and fastened to top and bottom.

2.8.1.2.3.2   Full Overlay

Full overlay, plant-on backs with minimum back thickness of  1/2 inch and 
minimum No. 12 plated (no case hardened) screws spaced a minimum  3 inches  
on center.  Edge of back shall not be exposed on finished sides.  Anchor 
strips are not required when so attached.

2.8.1.2.3.3   Side Bound

Side bound, captured in groove or rabbetts; glued and fastened.

2.8.1.2.4   Cabinet Backs (Floor Standing Cabinets)

2.8.1.2.4.1   Side Bound

Side bound, captured in grooves; glued and fastened to top and bottom.
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2.8.1.2.4.2   Full Overlay

Full overlay, plant-on backs with minimum back thickness of  1/2 inch  and 
minimum No. 12 plated (no case hardened) screws spaced a minimum  3 inches  
on center.  Edge of back shall not be exposed on finished sides.  Anchor 
strips are not required when so attached.

2.8.1.2.4.3   Side Bound with Rabbetts

Side bound, placed in rabbetts; glued and fastened in rabbetts.

2.8.1.2.5   Wall Anchor Strips

Wall Anchor Strips shall be required for all cabinets with backs less than  
1/2 inch  thick.  Strips shall consist of minimum  1/2 inch  thick lumber, 
minimum  2-1/2 inches  width; securely attached to wall side of cabinet back 
- top and bottom for wall hung cabinets, top only for floor standing 
cabinets.

2.8.2   Cabinet Floor Base

Floor cabinets shall be mounted on a base constructed of  3/4 inch  
fiberboard.  Base assembly components shall be  a moisture-resistant panel 
product.  Finished height for each cabinet base shall be as indicated on 
the drawings.  Bottom edge of the cabinet door or drawer face shall be 
flush with top of base.

2.8.3   Cabinet Door and Drawer Fronts

Door and drawer fronts shall be fabricated from  3/4 inch  medium density 
fiberboard (MDF.  All door and drawer front edges shall be surfaced with  
PVC edgebanding, color and pattern to match exterior face laminate as 
indicated in Section 09 06 00  SCHEDULES FOR FINISHES.

2.8.4   Drawer Assembly

2.8.4.1   Drawer Components

Drawer components shall consist of a removable drawer front, sides, backs, 
and bottom.  Drawer components shall be constructed of the following 
materials and thicknesses:

2.8.4.1.1   Drawer Bottom

 1/4 inch  thick t hermoset decorative overlay melamine panel product

2.8.4.2   Drawer Assembly Joinery Method

a. Multiple dovetail (all corners) or French dovetail front/dadoed back, 
glued under pressure.

b. Doweled, glued under pressure.

c. Lock shoulder, glued and pin nailed.

d. Bottoms shall be set into sides, front, and back,  1/4 inch  deep groove 
with a minimum  3/8 inch  standing shoulder.
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2.8.5   Shelving

2.8.5.1   General Requirements

Shelving shall be fabricated from [  3/4 inch  medium density fiberboard (MDF
) .  All shelving top and bottom surfaces shall be finished with thermoset 
decorative overlay (melamine).  Shelf edges shall be finished in a 
thermoset decorative overlay (melamine).

2.8.5.2   Shelf Support System

The shelf support system shall be:

2.8.5.2.1   Recessed (Mortised) Metal Shelf Standards

Mortise standards flush with the finishes surface of the cabinet interior 
side walls, two per side.  Pposition and space standards on the side walls 
to provide a stable shelf surface that eliminates tipping when shelf front 
is weighted.  Install and adjust standards vertically to provide a level, 
stable shelf surface when clips are in place.

2.8.5.2.2   Pin Hole Method

Drill holes on the interior surface of the cabinet side walls.  Evenly 
space holes in two vertical columns  Space the holes in each column at  1 
inch  increments starting  6 inches  from the cabinet interior bottom and 
extending to within  6 inches  of the top interior surface of the cabinet.  
Drill holes to provide a level, stable surface when the shelf is resting 
on the shelf pins.  Coordinate hole diameter with pin insert size to 
provide a firm, tight fit.

2.8.6   Laminate Application

Laminate application to substrates shall follow the recommended procedures 
and instructions of the laminate manufacturer and ANSI/NEMA LD 3 , using 
tools and devices specifically designed for laminate fabrication and 
application.  Provide a balanced backer sheet (Grade BK) wherever only one 
surface of the component substrate requires a plastic laminate finish.  
Apply required grade of laminate in full uninterrupted sheets consistent 
with manufactured sizes using one piece for full length only, using 
adhesives specified herein or as recommended by the manufacturer.  Fit 
corners and joints hairline.  All laminate edges shall be machined flush, 
filed, sanded, or buffed to remove machine marks and eased (sharp corners 
removed).  Clean up at easing shall be such that no overlap of the member 
eased is visible.  Fabrication shall conform to ANSI A161.2 .  Laminate 
types and grades for component surfaces shall be as follows unless 
otherwise indicated on the drawings:

2.8.6.1   Base/Wall Cabinet Case Body

a.  Exterior (exposed) surfaces to include exposed and semi-exposed face 
frame surfaces: HPDL Grade VGS.

b.  Interior (semi-exposed) surfaces to include interior back wall, 
bottom, and side walls: Thermoset Decorative Overlay (melamine).
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2.8.6.2   Adjustable Shelving

2.8.6.2.1   Top and Bottom Surfaces

Thermoset Decorative Overlay (melamine)

2.8.6.2.2   All Edges

Thermoset Decorative Overlay (melamine)

2.8.6.3   Fixed Shelving

2.8.6.3.1   Top and Bottom Surfaces

Thermoset Decorative Overlay (melamine)

2.8.6.3.2   Exposed Edges

Thermoset Decorative Overlay (melamine)

2.8.6.4   Door, Drawer Fronts, Access Panels

2.8.6.4.1   Exterior (Exposed) and Interior (Semi-Exposed) Faces

HPDL Grade VGS

2.8.6.4.2   Edges

HPDL Grade VGS

2.8.6.5   Drawer Assembly

All interior and exterior surfaces: Thermoset Decorative Overlay (melamine).

2.8.6.6   Tolerances

Flushness, flatness, and joint tolerances of laminated surfaces shall meet 
the NAAWS 3.1 premium custom grade requirements.

2.8.7   Finishing

2.8.7.1   Filling

No fasteners shall be exposed on laminated surfaces.  All nails, screws, 
and other fasteners in non-laminated cabinet components shall be 
countersunk and the holes filled with wood filler consistent in color with 
the wood species.

2.8.7.2   Sanding

All surfaces requiring coatings shall be prepared by sanding with a grit 
and in a manner that scratches will not show in the final system.

2.8.7.3   Coatings

Types, method of application and location of casework finishes shall be in 
accordance with the finish schedule , drawings and Section 09 90 00  PAINTS 
AND COATINGS.  All cabinet reveals shall be painted.  Submit descriptive 
data which provides narrative written verification of all types of 
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construction materials and finishes, methods of construction, etc. not 
clearly illustrated on the submitted shop drawings.  Data shall provide 
written verification of conformance with NAAWS 3.1 for the quality 
indicated to include materials, tolerances, and types of construction.  
Both the manufacturer of materials and the fabricator shall submit 
available literature which describes re-cycled product content, operations 
and processes in place that support efficient use of natural resources, 
energy efficiency, emissions of ozone depleting chemicals, management of 
water and operational waste, indoor environmental quality, and other 
production techniques supporting sustainable design and products.

PART 3   EXECUTION

3.1   INSTALLATION

Installation shall comply with applicable requirements for NAAWS 3.1 
premium custom quality standards.  Countertops and fabricated assemblies 
shall be installed level, plumb, and true to line, in locations shown on 
the drawings.  Cabinets and other laminate clad casework  assemblies shall 
be attached and anchored securely to the floor and walls with mechanical 
fasteners that are appropriate for the wall and floor construction.

3.1.1   Anchoring Systems

3.1.1.1   Wall

Cabinet to be wall mounted shall utilize minimum  1/2 inch  thick lumber or 
panel product hanging strips, minimum  2-1/2 inch  width; securely attached 
to the wall side of the cabinet back, both top and bottom.

3.1.2   Countertops

Countertops shall be installed in locations as indicated on the drawings.  
Countertops shall be fastened to supporting casework structure with 
mechanical fasteners, hidden from view.  All joints formed by the 
countertop or countertop splash and adjacent wall surfaces shall be filled 
with a clear silicone caulk.  Loose back splashes shall be adhered to both 
the countertop surface perimeter and the adjacent wall surface with 
adhesives appropriate for the type of materials to be adhered.  Joints 
between the countertop surface and splash shall be filled with clear 
silicone caulk in a smooth consistent concave bead.  Bead size shall be 
the minimum necessary to fill the joint and any surrounding voids or 
cracks.

3.1.3   Hardware

Casework hardware shall be installed in types and locations as indicated 
on the drawings.  Where fully concealed European-style hinges are 
specified to be used with particleboard or fiberboard doors, the use of 
plastic or synthetic insertion dowels shall be used to receive  3/16 inch  
"Euroscrews".  The use of wood screws without insertion dowels is 
prohibited.

3.1.4   Doors, Drawers and Removable Panels

The fitting of doors, drawers and removable panels shall be accomplished 
within target fitting tolerances for gaps and flushness in accordance with 
NAAWS 3.1 premium custom grade requirements.
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3.1.5   Plumbing Fixtures

Install sinks, sink hardware, and other plumbing fixtures in locations as 
indicated on the drawings and in accordance with Section 22 00 00  
PLUMBING, GENERAL PURPOSE.

        -- End of Section --
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SECTION 07 11 13

BITUMINOUS DAMPPROOFING
08/11

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C208 (2012; R 2017; E 2017; E 2019) Standard 
Specification for Cellulosic Fiber 
Insulating Board

ASTM C728 (2017a) Standard Specification for Perlite 
Thermal Insulation Board

ASTM D1227 (2013) Emulsified Asphalt Used as a 
Protective Coating for Roofing

ASTM D4263 (1983; R 2018) Standard Test Method for 
Indicating Moisture in Concrete by the 
Plastic Sheet Method

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1926 Safety and Health Regulations for 
Construction

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-07 Certificates

Materials

1.3   DELIVERY AND STORAGE

Deliver materials  in sealed containers bearing manufacturer's original 
labels.  Labels shall include date of manufacture, contents of each 
container, performance standards that apply to the contents and 
recommended shelf life.  While in storage, do not allow water based 
bituminous damproofing to freeze.
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1.4   SAFETY AND HEALTH REQUIREMENTS

If coal-tar pitch materials are used, the Contractor shall conform to all 
OSHA 29 CFR 1926  and General Industry Health Standards as well as state 
and local standards.

PART 2   PRODUCTS

2.1   EMULSION-BASED ASPHALT DAMPPROOFING

2.1.1   Fibrated Emulsion-Based Asphalt

Fibrated emulsion-based asphalt dampproofing shall be cold-applied type 
conforming to ASTM D1227 Type II, Class 1, asbestos-free, manufactured of 
refined asphalt, emulsifiers and selected clay, fibrated with mineral 
fibers.  For spray or brush application, emulsion shall contain a minimum 
of 59 percent solids by weight, 56 percent solids by volume.  For trowel 
application, emulsion shall contain a minimum of 58 percent solids by 
weight, 55 percent solids by volume.

2.2   SURFACE PROTECTION

2.2.1   Protection Board

Wood Fiber Board, ASTM C208, or Perlite Board, ASTM C728.

PART 3   EXECUTION

3.1   SURFACE PREPARATION

Remove or cut form ties and repair all surface defects as required in 
Section 03 30 00  CAST-IN-PLACE CONCRETE.  Clean concrete and masonry 
surfaces to receive dampproofing of foreign matter and loose particles. 
Apply dampproofing to clean dry surfaces.  Moisture test in accordance 
with ASTM D4263.  If test indicates moisture, allow a minimum of 7 
additional days after test completion for curing.  If moisture still 
exists, redo test until substrate is dry.

3.2   Protection of Surrounding Areas

Before starting the dampproofing work, the surrounding areas and surfaces 
shall be protected from spillage and migration of dampproofing material 
onto other work.  Drains and conductors shall be protected from clogging 
with dampproofing material.

3.3   APPLICATION

Apply dampproofing after priming coat is dry, but prior to any 
deterioration of primed surface, and when ambient temperature is above  40 
degrees F .

3.3.1   Surface Priming

Prime surfaces to receive fibrous asphalt dampproofing with asphalt primer. 
Apply primer when ambient temperature is above  40 degrees F  and at rate of 
approximately  one gallon per 100 square feet , fully covering entire 
surface to be dampproofed.
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3.3.2   Cold-Application Method

3.3.2.1   Emulsion-Based Asphalt

Emulsion-based asphalt dampproofing work shall not be performed in 
temperatures below  40 degrees F .  Emulsions shall have a smooth and 
uniform consistency at time of application.  Dampproofing materials shall 
be applied in accordance with manufacturer's published instructions to 
produce a smooth uniform dry film of not less than  12 mils  thick without 
voids or defects.  Dull or porous spots shall be recoated.  Dampproofing 
materials shall seal tightly around pipes and other items projecting 
through dampproofing.  Rates of application shall be as follows:

a.  Primer:  1/2 gallon per 100 square feet , cold-applied.

b.  Fibrated Dampproofing:  2 gallons per 100 square feet , cold-applied 
with spray, brush or trowel.

c.  Non-fibrated Dampproofing:  2 gallons per 100 square feet , 
cold-applied with spray, brush or trowel.

3.4   PROTECTIVE COVERING

Protect dampproofed surfaces against which backfill will be placed with 
concrete faced insulation board .

        -- End of Section --
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SECTION 07 21 13

BOARD AND BLOCK INSULATION
02/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C578 (2018) Standard Specification for Rigid, 
Cellular Polystyrene Thermal Insulation

ASTM C930 (2019) Standard Classification of 
Potential Health and Safety Concerns 
Associated with Thermal Insulation 
Materials and Accessories

ASTM C1289 (2018a) Standard Specification for Faced 
Rigid Cellular Polyisocyanurate Thermal 
Insulation Board

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2018) International Building Code

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 31 (2016) Standard for the Installation of 
Oil-Burning Equipment

NFPA 54 (2018) National Fuel Gas Code

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14; TIA 17-15; TIA 17-16; TIA 17-17) 
National Electrical Code

NFPA 211 (2019) Standard for Chimneys, Fireplaces, 
Vents, and Solid Fuel-Burning Appliances

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.134 Respiratory Protection

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Manufacturer's Standard Details ; G

Block or Board Insulation ; G

Vapor Retarder ; G

Pressure Sensitive Tape ; G

Protection Board or Coatings ; G

Accessories  including sealants; G

Recycled Content for Block or Board Insulation ; S

SD-07 Certificates

Block or Board Insulation ; G

Vapor Retarder ; G

Protection Board or Coating ; G

Draft Special Warranties ; G

Final Special Warranties ; G

Indoor Air Quality For Block Or Board Insulation ; S

SD-08 Manufacturer's Instructions

Block or Board Insulation

Adhesive

1.3   MANUFACTURER'S DETAILS

Submit manufacturer's standard details  indicating methods of attachment 
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and spacing, transition and termination details, and installation 
details.  Include verification of existing conditions.

1.4   PRODUCT DATA

Include data for material descriptions, recommendations for product shelf 
life, requirements for protection board or coatings , and precautions for 
flammability and toxicity.  Include data to verify compatibility of 
sealants with insulation.

1.5   CERTIFICATIONS

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification by other third-party programs.  Provide current 
product certification documentation from certification body.

1.6   DELIVERY, STORAGE, AND HANDLING

1.6.1   Delivery

Deliver materials to the site in original sealed wrapping bearing 
manufacturer's name and brand designation, specification number, type, 
grade, R-value, and class.  Store and handle to protect from damage.  Do 
not allow insulation materials to become wet, soiled, crushed, or covered 
with ice or snow.  Comply with manufacturer's recommendations for 
handling, storing, and protecting of materials before and during 
installation.

1.6.2   Storage

Inspect materials delivered to the site for damage and store out of 
weather in manufacturer's original packaging.  Store only in dry 
locations, not subject to open flames or sparks, and easily accessible for 
inspection and handling.  Keep materials wrapped and separated from 
off-gassing materials (such as drying paints and adhesives).  Do not use 
materials that have visible moisture or biological growth.  Comply with 
manufacturer's recommendations for handling, storage, and protection of 
materials before and during installation.

1.7   SAFETY PRECAUTIONS

1.7.1   Respirators

Provide installers with dust/mist respirators, training in their use, and 
protective clothing, all approved by the National Institute for 
Occupational Safety and Health (NIOSH)/Mine Safety and Health 
Administration (MSHA) and in accordance with 29 CFR 1910.134 .

1.7.2   Other Safety Considerations

Comply with the safety requirements of ASTM C930.

1.8   SPECIAL WARRANTIES

1.8.1   Guarantee

Guarantee insulation installation against failure due to ultraviolet light 
exposure for a period of three years from the date of Beneficial 

SECTION 07 21 13  Page 5



Hill Air Force Base, UT, Building 591 HILL591

Occupancy.  Submit draft and final guarantees in accordance with Sections 
01 78 00  CLOSEOUT SUBMITTALS and 01 78 23  OPERATION AND MAINTENANCE DATA.

1.8.2   Warranty

Provide manufacturer's material warranty for all system components for a 
period of three years from the date of Beneficial Occupancy.  Submit draft 
and final warranties in accordance with Sections 01 78 00  CLOSEOUT 
SUBMITTALS and 01 78 23  OPERATION AND MAINTENANCE DATA.

PART 2   PRODUCTS

2.1   BLOCK OR BOARD INSULATION

Provide thermal insulating materials as recommended by manufacturer for 
each type of application indicated.  Provide insulation with the following 
physical properties and in accordance with the following standards:

a.  Extruded Preformed Cellular Polystyrene:  ASTM C578 REV A

b.  Faced Rigid Cellular Polyisocyanurate and Polyurethane Insulation:  
ASTM C1289 REV A

(1) Plywood-Surfaced, Polyisocyanurate-Foam Sheathing: ASTM C 1289, 
Type V with either DOC PS 1 or DOC PS 2, Exposure 1 fire-retardant 
plywood on one face.

Polyisocyanurate-Foam:

a. Grade:  ASTM C 1289, Type II; Class 1; Grade 2, 20 psi.

b. Flame-Spread and Smoke Developed Index:  25 or less and 450 or less 
respectively when test according to ASTM E 84 or UL 723, including 
facings.

c. Thickness: 3-1/2 inches.

d. Plywood Nominal Thickness: 5/8 inch 

Flame Propagation Test: Materials and construction shall be as tested 
according to NFPA 285.

2.1.1   Thermal Resistance

See drawings .

2.1.2   Fire Protection Requirements

a.  Flame spread index of 75 or less when tested in accordance with 
ASTM E84.

b.  Smoke developed index of 450 or less when tested in accordance with 
ASTM E84.

c.  Provide insulated assemblies in accordance ICC IBC  Chapter Fire and 
Smoke Protection Features.
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2.1.3   Recycled Materials

Provide thermal insulation containing recycled materials to the extent 
practicable, provided that the material meets all other requirements of 
this section.  The minimum required recycled material contents (by weight, 
not volume) are:

Polyisocyanurate/Polyurethane: 9 percent

Phenolic Rigid Foam: 5 percent

Perlite Board: 75 percent post consumer 
paper

Provide data identifying percentage of recycled content for block or board 
insulation .

2.1.4   Indoor Air Quality

Provide certification of indoor air quality for block or board insulation .

2.1.5   Prohibited Materials

Do not provide materials containing asbestos.

2.2   ACCESSORIES

2.2.1   Mechanical Fasteners

Corrosion resistant fasteners as recommended by the insulation 
manufacturer.

PART 3   EXECUTION

3.1   EXISTING CONDITIONS

Prior to installation, ensure all areas that are in contact with the 
insulation are dry and free of projections that could cause voids, 
compressed insulation, or punctured vapor retarders.  For foundation 
perimeter or under slab applications, check that subsurface fill is flat, 
smooth, dry, and well tamped.  Do not proceed with installation if 
moisture or other conditions are present, and notify the Contracting 
Officer of such conditions.  Do not proceed with the work until conditions 
have been corrected and verified to be dry.

3.2   PREPARATION

3.2.1   Blocking Around Heat Producing Devices

Provide noncombustible blocking at all spaces between heat producing 
devices and the floors, ceilings and roofs through which they pass.  
Provide in accordance with ICC IBC  Section 2111.12 Fireplace Blocking and 
with the following clearances:

a.  Recessed lighting fixtures, including wiring compartments, ballasts, 
and other heat producing devices, unless certified for installation 
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surrounded by insulation:  3 inches  from outside face of fixtures and 
devices or as required by NFPA 70  and, if insulation is placed above 
fixture or device,  24 inches  above fixture.

b.  Vents and vent connectors used for venting products of combustion, 
flues, and chimneys other than masonry chimneys:  Minimum clearances 
as required by NFPA 211 .

c.  Gas Fired Appliances:  Clearances as required in NFPA 54 .

d.  Oil Fired Appliances:  Clearances as required in NFPA 31 .

Blocking is not required if chimneys or flues are certified in writing by 
the chimney or flue manufacturer for use in contact with specific 
insulating materials.

3.3   INSTALLATION

3.3.1   Installation and Handling

Provide insulation in accordance with the manufacturer's printed 
installation instructions.  Keep material dry and free of extraneous 
materials.

3.3.2   Electrical Wiring

Do not install insulation in a manner that would enclose electrical wiring 
between two layers of insulation.

3.3.3   Continuity of Insulation

Butt tightly against adjoining boards, studs, rafters, joists, sill 
plates, headers and obstructions.  Provide continuity and integrity of 
insulation at corners, wall to ceiling joint, roof, and floor.  Avoid 
creating thermal bridges and voids.  Provide and verify continuity of 
insulative barrier throughout the building enclosure.

3.3.4   Coordination

Verify final installed insulation thicknesses comply with thicknesses 
indicated, R-values specified herein, and with the approved insulation 
submittal(s).

3.4   INSTALLATION ON WALLS

3.4.1   Installation using Furring Strips

Install insulation on members as recommended by insulation manufacturer.

3.4.2   Mechanical Attachment on Concrete and Masonry Walls

Cut insulation to cover walls.  Apply adhesive to wall and set clip or 
other mechanical fastener in adhesive as recommended by manufacturer.  
After curing of adhesive, install insulation over fasteners and bend split 
prongs to provide a flush condition with the insulation.  Butt all edges 
of insulation and seal with tape.
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3.5   PERIMETER AND UNDER SLAB INSULATION

Install perimeter thermal insulation where heated spaces are adjacent to 
exterior walls, slab edges in slab-on-grade, or floating slab construction.

3.5.1   Manufacturer's Instructions

Layout insulation,  tape edges, provide vapor retarder and other required 
accessories to protection against vermin, insects, and damage in 
accordance with manufacturer's printed instructions.

3.5.2   Insulation on Vertical Surfaces

Provide thermal insulation on exterior of foundation walls  below grade.  
Fasten insulation with mechanical fasteners.

3.5.3   Insulation Under Slab

Provide insulation horizontally under entire slab on grade.  Install 
insulation on top of vapor retarder and turn retarder up over the outside 
edge of insulation to top of slab.

3.5.4   Protection of Insulation

Protect insulation from damage during construction and back filling by 
application of protection board or a coating.  Do not leave installed 
vertical insulation unprotected overnight.  Protect installed insulation 
from weather, including rain and ultraviolet light, from mechanical abuse, 
compression, and dislocation.

3.6   VAPOR RETARDER

Apply vapor retarder continuous across all surfaces.  Overlap all joints 
at least  6 inches  and seal with pressure sensitive tape.  Seal at sills, 
header, windows, doors and utility penetrations.  Repair punctures or 
tears with pressure sensitive tape.

        -- End of Section --
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SECTION 07 22 00

ROOF AND DECK INSULATION
02/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C1177/C1177M (2017) Standard Specification for Glass 
Mat Gypsum Substrate for Use as Sheathing

ASTM C1289 (2018a) Standard Specification for Faced 
Rigid Cellular Polyisocyanurate Thermal 
Insulation Board

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

FM GLOBAL (FM)

FM 4450 (1989) Approval Standard for Class 1 
Insulated Steel Deck Roofs

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2018) International Building Code

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

UNDERWRITERS LABORATORIES (UL)

UL 1256 (2002; Reprint Jul 2013) Fire Test of Roof 
Deck Constructions

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance with Section 01 33 29  SUSTAINABILITY REPORTING.  
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Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Insulation Board Layout  and Attachment; G

Verification of Existing Conditions ; G

SD-03 Product Data

Insulation ; G

Cover Board ; G

Fasteners ; G

Sheathing Paper ; G

Moisture Control ; G, 

Asphalt  Products; G

Recycled Content For Insulation ; S

SD-06 Test Reports

Flame Spread Rating ; G

SD-07 Certificates

Installer Qualifications ; G

Certificates Of Compliance For Felt Materials ; G

Indoor Air Quality For Insulation ; S

SD-08 Manufacturer's Instructions

Nails and Fasteners ; G

Roof Insulation ; G

1.3   SHOP DRAWINGS

Submit insulation board layout  and attachment indicating methods of 
attachment and spacing, transitions, tapered components, thicknesses of 
materials, and closure and termination conditions.  Show locations of 
ridges, valleys, crickets, interface with, and slope to, roof drains.  
Base shop drawings on verified field measurements and include verification 
of existing conditions

1.4   PRODUCT DATA

Include data for material descriptions, recommendations for product shelf 
life, requirements for cover board  or coatings, and precautions for 
flammability and toxicity.  Include data to verify compatibility of 
sealants with insulation.
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1.5   MANUFACTURER'S INSTRUCTIONS

Include field of roof and perimeter attachment requirements.

Provide a complete description of installation sequencing for each phase 
of the roofing system.  Include weatherproofing procedures.

1.6   QUALITY CONTROL

Provide certification of installer qualifications  from the insulation 
manufacturer confirming the specific installer has the required 
qualifications for installing the specific roof insulation system(s) 
indicated.

Provide certificates of compliance for felt materials .

1.7   FM APPROVAL REQUIREMENTS

Provide fastening patterns in accordance with FM 1-120 for insulation on 
steel decks.

1.8   FIRE PERFORMANCE REQUIREMENTS

1.8.1   Insulation in Roof Systems

Comply with the requirements of ICC IBC  or UL 1256 .  Roof insulation to 
have a flame spread rating  of 75 or less when tested in accordance with 
ASTM E84.  Additional documentation of compliance with flame spread rating 
is not required when insulation of the type used for this project as part 
of the specific roof assembly is listed and labeled as FM Class 1 
approved. 

1.9   CERTIFICATIONS

Provide products certified to meet indoor air quality requirements by 
UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification by other third-party programs.  Provide current 
product certification documentation from certification body.

1.10   DELIVERY, STORAGE, AND HANDLING

1.10.1   Delivery

Deliver materials to the project site in manufacturer's unopened and 
undamaged standard commercial containers bearing the following legible 
information:

a.  Name of manufacturer

b.  Brand designation

c.  Specification number, type, and class, as applicable, where materials 
are covered by a referenced specification

Deliver materials in sufficient quantity to allow continuity of the work.

1.10.2   Storage and Handling

Store and handle materials in accordance with manufacturer's printed 
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instructions.  Protect from damage, exposure to open flame or other 
ignition sources, wetting, condensation, and moisture absorption.  Keep 
materials wrapped and separated from off-gassing materials (such as drying 
paints and adhesives).  Do not use materials that have visible moisture or 
biological growth.  Store in an enclosed building or trailer that provides 
a dry, adequately ventilated environment. Replace damaged material with 
new material.

1.11   ENVIRONMENTAL CONDITIONS

Do not install roof insulation during inclement weather or when air 
temperature is below  40 degrees F  and interior humidity is 45 percent or 
greater, or when there is visible ice, frost, or moisture on the roof deck.

PART 2   PRODUCTS

2.1   INSULATION

2.1.1   Insulation Types

Provide one, or an assembly of a maximum of three, of the following roof 
insulation materials.  Provide roof insulation that is compatible with 
attachment methods for the specified insulation and roof membrane.

a.  Polyisocyanurate Board:  Provide in accordance with ASTM C1289 REV A  
Type II, fibrous felt or glass mat membrane both sides, except minimum 
compressive strength of  20 pounds per square inch (psi) .

2.1.2   Recycled Materials

Provide thermal insulation materials containing recycled content.  Unless 
specified otherwise, the minimum required recycled content for listed 
materials are:

Perlite Composition Board: 75 percent postconsumer paper

Polyisocyanurate/polyurethane: 9 percent recovered material

Wood Fiberboard: 100 percent recovered material

Cellular Glass Insulation: 75 percent recovered content

Structural Fiberboard: 100 percent recovered content

Fiberglass Insulation: 25 percent recovered content

Fiber (felt) or Fiber composite: 75 percent recovered content

Rubber: 90 percent recovered content

Plastic or Plastic/Rubber composite: 90 percent recovered content

Wood/Plastic Composite: 90 percent total recovered content

Provide data identifying percentage of recycled content for insulation .
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2.1.3   Indoor Air Quality

Provide certification of indoor air quality for insulation .

2.1.4   Insulation Thickness

As necessary to provide the thermal resistance (R-value) indicated.  Base 
calculation on the R-value for aged insulation.  For insulation over steel 
decks, satisfy both specified R-value and minimum thickness for width of 
rib opening recommended in insulation manufacturer's published literature.

2.2   COVER BOARD

For use as a thermal barrier (underlayment), fire barrier (overlayment), 
or cover board for hot-mopped, torched-down, or adhesive-applied roofing 
membrane over roof insulation.

2.2.1   Glass Mat Gypsum Roof Board

ASTM C1177/C1177M , 0 Flame Spread and 0 Smoke Developed when tested in 
accordance with ASTM E84,  500 psi , Class A, non-combustible,  1/2 inch  
thick, 4 by 8 feet  board size.

2.3   FASTENERS

Provide flush-driven fasteners through flat round or hexagonal steel or 
plastic plates.  Provide zinc-coated steel plates, flat round not less than
 1 3/8 inch  diameter, hexagonal not less than  28 gage .  Provide 
high-density plastic plates, molded thermoplastic with smooth top surface, 
reinforcing ribs and not less than  3 inches  in diameter.  Fully recess 
fastener head into plastic plate after it is driven.  Form plates to 
prevent dishing.  Do not use bell or cup shaped plates.  Provide fasteners 
in accordance with insulation manufacturer's recommendations for holding 
power when driven, or a minimum of 120 pounds  each in steel deck, 
whichever is the higher minimum.  Provide fasteners for steel or concrete 
decks in accordance with FM APP GUIDE ( http://www.approvalguide.com/ ) for 
Class I roof deck construction, and spaced to withstand uplift pressure of  
60 pounds per square foot .

2.3.1   Fasteners for Steel Decks

Approved hardened penetrating fasteners or screws in accordance with 
FM 4450  and listed in FM APP GUIDE for Class I roof deck construction.  
Quantity and placement to withstand a minimum uplift pressure of  60 psf  in 
accordance with FM APP GUIDE.

PART 3   EXECUTION

3.1   EXAMINATION AND PREPARATION

3.1.1   Surface Inspection

Ensure surfaces are clean, smooth, and dry prior to application.  Ensure 
surfaces receiving vapor retarder are free of projections that might 
puncture the vapor retarder.  Check roof deck surfaces, including surfaces 
sloped to roof drains and outlets, for defects before starting work.  

The Contracting Officer will] inspect and approve the surfaces immediately 
before starting installation.  Prior to installing vapor retarder 
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insulation, perform the following:

a.  Examine steel decks to ensure that panels are properly secured to 
structural members and to each other and that surfaces of top flanges 
are flat or slightly convex.

3.1.2   Surface Preparation

Correct defects and inaccuracies in roof deck surface to eliminate poor 
drainage from hollow or low spots, perform the following:

a.  Cover steel decks with a layer of insulation board of sufficient 
width  to span the width of a deck rib opening, and in accordance with 
fire safety requirements.  Secure with piercing or self-drilling, 
self-tapping fasteners of quantity and placement in accordance with 
FM APP GUIDE.  Locate insulation joints parallel to ribs of deck on 
solid bearing surfaces only, not over open ribs.

3.2   INSULATION INSTALLATION

Apply insulation in two layers with staggered joints when total required 
thickness of insulation exceeds  1/2 inch .  Lay insulation so that 
continuous longitudinal joints are perpendicular to direction of  roofing, 
as specified in Section 07 53 23  & 07 62 14.00 20 , and end joints of each 
course are staggered with those of adjoining courses.  When using multiple 
layers of insulation, provide joints of each succeeding layer that are 
parallel and offset in both directions with respect to the layer below.  
Keep insulation  1/2 inch  clear of vertical surfaces penetrating and 
projecting from roof surface.  Verify required slopes to each roof drain.

3.2.1   Installation Using Only Mechanical Fasteners

Secure total thickness of insulation with penetrating type fasteners.

3.2.2   Special Precautions for Installation of Foam Insulation

3.2.2.1   Polyisocyanurate Insulation

Where polyisocyanurate foam board insulation is provided, install  1/2 inch  
thick wood fiberboard, glass mat gypsum roof board, or  3/4 inch  thick 
expanded perlite board insulation over top surface of foam board 
insulation.  Stagger joints of insulation with respect to foam board 
insulation below.

3.3   PROTECTION

3.3.1   Protection of Applied Insulation

Completely cover each day's installation of insulation with finished 
roofing specified in 07 53 23  and 07 02 14.00 20  on same day.  Phased 
construction is not permitted.  Protect open spaces between insulation and 
parapets or other walls and spaces at curbs, scuttles, and expansion 
joints, until permanent roofing and flashing are applied.  Storing, 
walking, wheeling, or trucking directly on insulation or on roofed 
surfaces is not permitted.  Provide smooth, clean board or plank walkways, 
runways, and platforms near supports, as necessary, to distribute weight 
in accordance with indicated live load limits of roof construction.  
Protect exposed edges of insulation with cutoffs at the end of each work 
day or whenever precipitation is imminent.  Cutoffs must be two layers of 
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bituminous-saturated felt set in plastic bituminous cement or EPDM membrane
 set in roof cement.  Fill all profile voids in cutoffs to prevent 
trapping moisture below the membrane.  Remove cutoffs when work resumes.

3.3.2   Damaged Work and Materials

Restore work and materials that become damaged during construction to 
original condition or replace with new materials.

3.4   INSPECTION

Establish and maintain inspection procedures to assure compliance of the 
installed roof insulation with contract requirements.  Remove, replace, 
correct in an approved manner, any work found not in compliance.  Quality 
control must include, but is not limited to, the following:

a.  Observation of environmental conditions; number and skill level of 
insulation workers; start and end time of work.

b.  Verification of certification, listing or label compliance with FM 
Data Sheets. (
https://www.fmglobal.com/fmglobalregistration/Downloads.aspx )

c.  Verification of proper storage and handling of insulation and vapor 
retarder materials before, during, and after installation .

d.  Inspection of vapor retarder application, including edge envelopes and 
mechanical fastening.

e.  Inspection of mechanical fasteners; type, number, length, and spacing.

f.  Coordination with other materials, cants, sleepers, and nailing strips.

g.  Inspection of insulation joint orientation and laps between layers, 
joint width and bearing of edges of insulation on deck.

h.  Installation of cutoffs and proper joining of work on subsequent days.

i.  Continuation of complete roofing system installation to cover 
insulation installed same day.

j.  Verification of required slope to each roof drain.

        -- End of Section --
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SECTION 07 27 26 

 

FLUID-APPLIED MEMBRANE AIR BARRIERS 

05/17 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AIR BARRIER ASSOCIATION OF AMERICA (ABAA) 

 

ABAA Accreditation Accreditation 

 

ABAA QAP  Quality Assurance Program 

ASTM INTERNATIONAL (ASTM) 

ASTM C836/C836M (2015) High Solids Content, Cold 
Liquid-Applied Elastomeric Waterproofing 

Membrane for Use With Separate Wearing 

Course 

 

ASTM D412 (2016) Standard Test Methods for 

Vulcanized Rubber and Thermoplastic 

Elastomers - Tension 

 

ASTM D4263 (1983; R 2018) Standard Test Method for 

Indicating Moisture in Concrete by the 

Plastic Sheet Method 

 

ASTM D4541 (2017) Standard Test Method for Pull-Off 

Strength of Coatings Using Portable 

Adhesion Testers 

 

ASTM D5590 (2000; R 2010; E 2012) Standard Test 
Method for Determining the Resistance of 

Paint Films and Related Coatings to Fungal 

Defacement by Accelerated Four-Week Agar 

Plate Assay 

 

ASTM E84 (2018a) Standard Test Method for Surface 

Burning Characteristics of Building 

Materials 

 

ASTM E96/E96M (2016) Standard Test Methods for Water 

Vapor Transmission of Materials 

 

ASTM E283 (2004; R 2012) Determining the Rate of Air 

Leakage Through Exterior Windows, Curtain 

Walls, and Doors Under Specified Pressure 

Differences Across the Specimen 

 

ASTM E331 (2000; R 2016) Standard Test Method for 
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Water Penetration of Exterior Windows, 

Skylights, Doors, and Curtain Walls by 

Uniform Static Air Pressure Difference 

 

ASTM E2178 (2013) Standard Test Method for Air 

Permeance of Building Materials 

 

ASTM E2357 (2017) Standard Test Method for 

Determining Air Leakage of Air Barrier 

Assemblies 

 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

 

NFPA 285 (2012) Standard Fire Test Method for 

Evaluation of Fire Propagation 

Characteristics of Exterior 

Non-Load-Bearing Wall Assemblies 

Containing Combustible Components 
 

1.2 RELATED REQUIREMENTS 

 

Coordinate the requirements of Section 07 27 10.00 10 BUILDING AIR BARRIER 

SYSTEM and other building enclosure sections to provide a complete 

building air barrier system. Submit all materials, components and 

assemblies of the air barrier system together as one complete submittal 

package. 

 

1.3 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for Contractor Quality Control 

approval. Submittals with an "S" are for inclusion in the Sustainability 

eNotebook, in conformance with Section 01 33 29 SUSTAINABILITY REPORTING. 

Submit the following in accordance with Section 01 33 00 SUBMITTAL 

PROCEDURES: 

 

SD-01 Preconstruction Submittals 

Qualifications of Manufacturer; G 

Qualifications of Installer; G 

SD-02 Shop Drawings 

 

Fluid-Applied Membrane Air Barrier; G 

SD-03 Product Data 

Fluid-Applied Membrane Air Barrier; G 

Transition Membrane; G 

Primers, Adhesives, and Mastics; G 

Reinforcement; G 

Safety Data Sheets; G 

SD-04 Samples 
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Fluid-Applied Membrane Air Barrier Mockup; G 

SD-06 Test Reports 

Capillary Moisture Test; G 

Field Peel Adhesion Test; G 

Flame Propagation of Wall Assemblies; G 
 

Flame Spread and Smoke Developed Index Ratings; G 

Site Inspections Reports; G 

SD-07 Certificates 
 

Fluid-Applied Membrane Air Barrier; G 

Transition Membrane;  G 

Qualifications of Manufacturer; G 

Qualifications of Installer; G 

SD-08 Manufacturer's Instructions 

 

Fluid-Applied Membrane Air Barrier; G 

Transition Membrane; G 

Primers, Adhesives, and Mastics; G 

 

1.4 MISCELLANEOUS REQUIREMENTS 

 

For fluid-applied membrane air barriers provide the following: 

 

1.4.1 Shop Drawings 

 

Submit fluid-applied membrane air barrier shop drawings showing locations 

and extent of barrier assemblies, transition membranes, details of all 

typical conditions, intersections with other envelope assemblies and 

materials, and membrane counterflashings. Show details for bridging of 

gaps in construction, treatment of inside and outside corners, expansion 

joints, methods of attachment of materials covering the self-adhered 

barrier without compromising the barrier. Indicate how miscellaneous 

penetrations such as conduit, pipes, electric boxes, brick ties, and 

similar items will be sealed. 

 

1.4.2 Product Data 

 

Submit manufacturer's technical data indicating compliance with 

performance and environmental requirements, manufacturer's printed 

instructions for evaluating, preparing, and treating substrates, 

temperature and other limitations of installation conditions, safety 

requirements for installation, and Safety Data Sheets. Indicate flame and 

smoke spread ratings for all products. 
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1.4.3 Mockup 

 

Provide a mockup of the fluid-applied membrane air barrier. Apply product 

in an area designated by the Contracting Officer. Apply an area of not 

less than 54 square feet. Include all components specified as 

representative of the complete system. Notify the Contracting Officer a 

minimum of 48 hours prior to the test application.  Select a test area 

representative of conditions to be covered including window or door 

openings, wall to ceiling transitions, flashings, and penetrations, as 

applicable. 

 

1.4.4 Test Reports 

 

Submit test reports indicating that capillary moisture tests and field 

peel adhesion tests on all substrate materials have been performed and the 

changes made, if required, in order to achieve successful and lasting 

adhesion. Submit test reports for flame propagation of wall assemblies 

tested in accordance with NFPA 285. Submit test reports for flame spread 

and smoke developed index ratings of barrier materials tested in 

accordance with ASTM E84. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

1.5.1 Delivery 

 

Deliver and store materials in sufficient quantity to allow for 

uninterrupted flow of work. Inspect materials delivered to the site for 

damage and store out of weather. Deliver materials to the jobsite in 

their original unopened packages, clearly marked with the manufacturer's 

name, brand designation, description of contents, and shelf life of 

containerized materials. Store and handle to protect from damage. 

 

1.5.2 Storage 

 

Inspect materials delivered to the site for damage; unload and store out 

of weather in manufacturer's original packaging. Store only in dry 

locations, not subject to open flames or sparks, and easily accessible for 

inspection and handling. Protect stored materials from direct sunlight. 

 

1.6 CAPILLARY MOISTURE TEST 

 

Perform a capillary moisture test by plastic sheet method in accordance 

with ASTM D4263 on the construction mockup and substrate materials. 

Perform test after curing period as recommended by the air barrier 

manufacturer. Record mode of failure and area which failed in accordance 

with ASTM D4263. Once the air barrier material manufacturer has 

established a minimum adhesion or moisture level for the product on the 

particular substrate, indicate on the inspection report whether this 

requirement has been met. Where the manufacturer has not declared a 

minimum adhesion or moisture value for their product and substrate 

combination, the inspector must record actual values. 

 

1.7 FIELD PEEL ADHESION TEST 

 

Perform a field peel adhesion test on a construction mockup. Test the 

applied product for adhesion in accordance with manufacturer's 

recommendations. Perform test after curing period recommended by the 

manufacturer. Record mode of failure and area which failed in accordance 

with ASTM D4541. When the manufacturer has established a minimum adhesion 
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level for the product on the particular substrate, the inspection report 

must indicate whether this requirement has been met. Where the 

manufacturer has not declared a minimum adhesion value for their 

product/substrate combination, the inspector must record actual values. 

 

1.8 AIR BARRIER TESTING 

 

Perform air barrier testing in accordance with Section 07 27 10.00 10 

BUILDING AIR BARRIER SYSTEM. 

 

1.9 QUALITY ASSURANCE 

 

1.9.1 Qualifications of Manufacturer 

 

Submit documentation verifying that manufacturer of fluid-applied membrane 

air barrier is currently accredited by the Air Barrier Association of 

America (ABAA Accreditation https://www.airbarrier.org/). 

 

1.9.2 Qualifications of Installer 

 

Submit documentation verifying that installers of the fluid-applied 

membrane air barrier are currently certified in accordance with the 

ABAA QAP Quality Assurance Program (https://www.airbarrier.org/qap/). 

 

1.10 PRECONSTRUCTION MEETING 

 

Conduct a preconstruction meeting a minimum of two weeks prior to 

commencing work specified in this Section. Agenda must include, at a 

minimum, construction and testing of construction mock up, sequence of 

construction, coordination with substrate preparation, materials approved 

for use, compatibility of materials, coordination with installation of 

adjacent and covering materials, and details of construction. Attendance 

is required by representatives of related trades including covering 

materials, substrate materials, adjacent materials, and materials and 

components of the fluid-applied membrane air barrier. 

 

1.11 ENVIRONMENTAL CONDITIONS 

 

1.11.1 Temperature 

 

Install fluid-applied membrane air barrier within the range of ambient and 

substrate temperatures as recommended in writing by the fluid-applied 

membrane air barrier manufacturer. Do not apply fluid-applied membrane 

air barrier to a damp or wet substrate. Do not apply during inclement 

weather or when ice, frost, surface moisture, or visible dampness is 

present on surfaces to be covered, or when precipitation is imminent. 

 

1.11.2 Exposure to Weather 

 

Protect fluid-applied membrane air barrier products from direct exposure 

to rain, snow, sunlight, mist, and other extreme weather conditions. 

Replace, at no additional cost to the government, barrier products that 

have been exposed to ultraviolet (sun)light longer than allowed by 

manufacturer's written requirements. 
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PART 2 PRODUCTS 

 

2.1 FLUID-APPLIED MEMBRANE AIR BARRIER 

 

Provide a fluid-applied, vapor permeable, air barrier. This barrier must 

exhibit no visible water leakage when tested in accordance with ASTM E331 

and must perform as a liquid water drainage plane with thru-wall flashing 

to discharge incidental condensation and water penetration to the exterior 

of the building enclosure. Provide products suitable for use within 

temperature ranges specified by manufacturer for the location of the 

project. 

 

2.1.1 Physical Properties 

 

a. Air Permeance (ASTM E2178): less than 0.004 CFM per sf at 1.57 psf. 

 

b. Air Leakage (ASTM E2357, ASTM E283): Less than 0.04 CFM per sf at 1.57 

psf at one inch. 

 

c. Water Vapor Permeance (Vapor Impermeable Membrane) (ASTM E96/E96M, 

desiccant method A): 0.1 perms or less. 

 

d. Tensile Strength (ASTM D412): Not less than 138 psi. 

 

e. Elongation (ASTM D412): Not less than 300 percent. 

 

f. Low temperature Flexibility and Crack Bridging (ASTM C836/C836M): 

Pass at minus 15 degrees F. 

 

g. Solids by Volume: minimum 50 percent. 

 

h. Flame propagation of wall assemblies (NFPA 285): Pass 

 

i. Surface Burning Characteristics (ASTM E84): 

 

(1) Flame Spread Index Rating not higher than 75. 

 

(2) Smoke Developed Index Rating not higher than 150. 

 

j. Resistance to Mold, Mildew and Fungal Growth (ASTM D5590): 0, No 

growth. 

 

2.2 PRIMERS, ADHESIVES, AND MASTICS 

 

Provide primers, adhesives, mastics, sealants and other accessories as 

recommended by manufacturer of fluid-applied membrane air barrier for a 

complete installation. 

 

2.3 TRANSITION MEMBRANE 

 

Provide as specified in Section 07 27 19.01 SELF-ADHERING AIR BARRIERS. 

 

2.4 SHEET METAL FLASHING 

 

Provide as specified in Section 07 60 00 FLASHING AND SHEET METAL. 

 

2.5 JOINT SEALANTS 

 

Provide as specified in Section 07 92 00 JOINT SEALANTS. 
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2.6 REINFORCEMENT 

 

Provide fiberglass mesh tape, or fluid-applied air barrier manufacturer's 

approved comparable equal product, reinforcement at seams, edges, 

projections and penetrations. Reinforce all joints exceeding1/4 inch with 

fiberglass mesh. 

 

PART 3 EXECUTION 

 

3.1 EXAMINATION 

 

Before installing fluid-applied membrane air barrier, examine substrates, 

areas, and conditions under which fluid-applied membrane air barrier 

assemblies will be applied, with installer present, for compliance with 

requirements. Ensure the following conditions are met: 

 

a. Surfaces are sound, dry, even, and free of oil, grease, dirt, excess 

mortar or other contaminants detrimental to the adhesion of the 

membranes. 

 

b. Concrete and masonry surfaces are cured and dry, smooth without large 

voids, spalled areas or sharp protrusions. Do not proceed with 

installation until after minimum concrete curing period recommended by 

fluid-applied membrane air barrier manufacturer. 

 

c. Fill voids, gaps and spalled areas in substrate to provide an even 

plane. Strike masonry joints full flush. 

 

d. Verify substrate is visibly dry and free of moisture. Test for 

capillary moisture by plastic sheet method in accordance with 

ASTM D4263 and take suitable measures until substrate passes moisture 

test. 

 

e. Verify sealants used in substrates, and in joints between substrates, 

are compatible with fluid-applied membrane air barrier. 

 

3.2 PREPARATION 

 

Clean, prepare, and treat substrate in accordance with manufacturer's 

written instructions. Ensure clean, dust-free, and dry substrate for 

fluid-applied membrane air barrier application. 

 

a. Remove dust, dirt and other contaminants from joints and cracks before 

coating surfaces. 

 

b. Prepare, treat, and seal vertical and horizontal surfaces at 

terminations and penetrations through fluid-applied membrane air 

barrier. 

 

c. At changes in substrate plane, provide transition material (bead of 

sealant, mastic, extruded silicone sealant, membrane counterflashing 

or other material recommended by manufacturer) under transition 

membrane to eliminate all sharp 90 degree inside corners and to make a 

smooth transition from one plane to another. 

 

d. Provide mechanically fastened non-corrosive metal sheet to span gaps 

in substrate plane and to make a smooth transition from one plane to 

the other. Continuously support membrane with substrate. 
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e. For exterior sheathing substrates, ensure that exterior sheathing is 

stabilized, with corners and edges fastened with appropriate screws. 

Treat all joints in accordance with the air barrier manufacturer's 

instructions prior to application of air barrier material. Allow 

sufficient time for joint treatments to fully cure before application 

of transition membranes and fluid-applied membrane air barrier. 

 

f. For concrete and masonry substrates, fill all voids and holes, 

particularly in mortar joints, with non-shrinking grout. 

 

g. Mask off and cover adjacent surfaces to protect from spillage and 

overspray. 

 

3.3 INSTALLATION 

 

3.3.1 Installation of Transition Membrane 

 

Install transition membrane materials in accordance with the details on 

the drawings, and the following: 

 

a. Install transition membrane at all required locations prior to 

installation of the fluid-applied membrane air barrier. 

 

b. Verify transition membrane is fully adhered to substrate and that its 

surface is clean, dry and wrinkle free prior to installation of the 

fluid-applied membrane air barrier. 

 

c. Verify transition membrane completely covers all transition areas and 

will provide continuity of the finished fluid-applied membrane air 

barrier without gaps or cracks. 

 

3.3.2 Installation of Flashing 

 

Counterflash upper edge of thru-wall flashing and fluid-applied air 

barrier. Counter flashing and thru-wall flashing are specified in Section 

07 60 00 FLASHING AND SHEET METAL. 

 

3.3.3 Installation of Fluid-Applied Membrane Air Barrier 

 

Install materials in accordance with manufacturer's recommendations and 

the following: 

 

a. Apply fluid-applied membrane air barrier in single or dual coat 

application by spray or roller. Apply fluid-applied membrane air 

barrier within manufacturer's recommended temperature range for 

application. 

 

b. Apply fluid-applied membrane air barrier at rate recommended by 

manufacturer to yield a wet film thickness of 90 mils. 

 

c. Apply fluid-applied membrane air barrier around all penetrations 

ensuring a complete and continuous air barrier. Lap fluid-applied 

membrane air barrier a minimum of 3 inch over transition membrane to 

seal leading edge. 

 

d. Seal membrane terminations, heads of mechanical fasteners, masonry tie 

fasteners, around penetrations, HVAC assemblies, plumbing and 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 07 27 26 Page 11 

 

 

electrical assemblies, doors, windows, louvers, and other assemblies 

penetrating the fluid-applied membrane air barrier with a termination 

sealant recommended by the fluid-applied membrane air barrier 

manufacturer. 

 

e. Notify the Contracting Officer and Testing Agency upon completion of 

fluid-applied membrane air barrier installation. Air barrier 

materials and assemblies must remain exposed until tested and 

inspected by the ABAA. 

 

f. Do not allow materials to come in contact with chemically incompatible 

materials. 

 

3.3.4 Installation of Reinforcement 

 

Install reinforcement at projections, corners, joints, and penetrations 

where applicable. 

 

3.4 FIELD QUALITY CONTROL 

 

3.4.1 Site Inspections and Testing 

 

Provide site inspections and testing in accordance with ABAA protocol to 

verify conformance with the manufacturer's instructions, the ABAA QAP 

Quality Assurance Program (https://www.airbarrier.org/qap/), Section 

07 27 10.00 10 BUILDING AIR BARRIER SYSTEM and this section. 
 

a. Conduct inspections and testing at 5, 50, and 95 percent completion of 

this scope of work. Forward written inspection reports to the 

Contracting Officer within five working days of the inspection and 

test being performed. 

 

b. If the inspections reveal any defects, promptly remove and replace 

defective work at no additional expense to the Government. 

 

3.5 PROTECTION AND CLEANING 

 

3.5.1 Protection 

 

Protect fluid-applied membrane air barrier assemblies from damage during 

application and remainder of construction in accordance with 

manufacturer's written instructions. 

 

Coordinate installation, testing, and inspection procedures to ensure 

exposure period does not exceed that recommended by the product 

manufacturer. Remove and replace, at no additional cost to the 

government, membrane products that exceed manufacturer's allowed exposure 

limits. 

 

3.5.2 Cleaning of Adjacent Surfaces 

 

Clean excess product from adjacent construction using cleaning agents and 

procedures as recommended in writing by the manufacturer of each type of 

affected construction and as acceptable to same. 

 

3.6 CLEANUP OF SPILLS 

 

Conduct cleanup of uncured product spillage in accordance with 

manufacturer's written safe handling instructions. 
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-- End of Section -- 
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PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)

AAMA 501.1 (2017) Standard Test Method for Water 
Penetration of Windows, Curtain Walls and 
Doors Using Dynamic Pressure

AAMA 800 (2016) Voluntary Specifications and Test 
Methods for Sealants

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 341 (2016) Seismic Provisions for Structural 
Steel Buildings

AMERICAN IRON AND STEEL INSTITUTE (AISI)

AISI S100 (2012) North American Specification for 
the Design of Cold-Formed Steel Structural 
Members

AISI SG03-3 (2002; Suppl 2001-2004; R 2008) 
Cold-Formed Steel Design Manual Set

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7 (2017) Minimum Design Loads for Buildings 
and Other Structures

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2014) Standard Specification for Carbon 
Structural Steel

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A606/A606M (2008) Standard Specification for Steel 
Sheet and Strip, High-Strength, Low-Alloy, 
Hot-Rolled and Cold-Rolled, with Improved 
Atmospheric Corrosion Resistance

ASTM A653/A653M (2019) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
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Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A792/A792M (2010) Standard Specification for Steel 
Sheet, 55% Aluminum-Zinc Alloy-Coated by 
the Hot-Dip Process

ASTM A1008/A1008M (2016) Standard Specification for Steel, 
Sheet, Cold-Rolled, Carbon, Structural, 
High-Strength Low-Alloy, High-Strength 
Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardenable

ASTM B117 (2016) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM C920 (2018) Standard Specification for 
Elastomeric Joint Sealants

ASTM D522/D522M (2014) Mandrel Bend Test of Attached 
Organic Coatings

ASTM D523 (2014; R 2018) Standard Test Method for 
Specular Gloss

ASTM D610 (2008; R 2019) Standard Practice for 
Evaluating Degree of Rusting on Painted 
Steel Surfaces

ASTM D714 (2002; R 2017) Standard Test Method for 
Evaluating Degree of Blistering of Paints

ASTM D822 (2013) Filtered Open-Flame Carbon-Arc 
Exposures of Paint and Related Coatings

ASTM D968 (2017) Standard Test Methods for Abrasion 
Resistance of Organic Coatings by Falling 
Abrasive

ASTM D1056 (2014) Standard Specification for Flexible 
Cellular Materials - Sponge or Expanded 
Rubber

ASTM D1308 (2013) Effect of Household Chemicals on 
Clear and Pigmented Organic Finishes

ASTM D1654 (2008; R 2016; E 2017) Standard Test 
Method for Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

ASTM D1667 (2017) Standard Specification for Flexible 
Cellular Materials - Poly (Vinyl Chloride) 
Foam (Closed-Cell)

ASTM D2244 (2016) Standard Practice for Calculation 
of Color Tolerances and Color Differences 
from Instrumentally Measured Color 
Coordinates
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ASTM D2247 (2015) Testing Water Resistance of 
Coatings in 100% Relative Humidity

ASTM D2794 (1993; R 2019) Standard Test Method for 
Resistance of Organic Coatings to the 
Effects of Rapid Deformation (Impact)

ASTM D3359 (2017) Standard Test Methods for Rating 
Adhesion by Tape Test

ASTM D3363 (2005; E 2011; R 2011; E 2012) Film 
Hardness by Pencil Test

ASTM D4214 (2007; R 2015) Standard Test Method for 
Evaluating the Degree of Chalking of 
Exterior Paint Films

ASTM D4587 (2011) Standard Practice for Fluorescent 
UV-Condensation Exposures of Paint and 
Related Coatings

ASTM D5894 (2016) Standard Practice for Cyclic Salt 
Fog/UV Exposure of Painted Metal, 
(Alternating Exposures in a Fog/Dry 
Cabinet and a UV/Condensation Cabinet)

ASTM E72 (2015) Conducting Strength Tests of Panels 
for Building Construction

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM E283 (2004; R 2012) Determining the Rate of Air 
Leakage Through Exterior Windows, Curtain 
Walls, and Doors Under Specified Pressure 
Differences Across the Specimen

ASTM E331 (2000; R 2016) Standard Test Method for 
Water Penetration of Exterior Windows, 
Skylights, Doors, and Curtain Walls by 
Uniform Static Air Pressure Difference

ASTM E1592 (2005; R 2012) Structural Performance of 
Sheet Metal Roof and Siding Systems by 
Uniform Static Air Pressure Difference

ASTM G152 (2013) Operating Open Flame Carbon Arc 
Light Apparatus for Exposure of 
Nonmetallic Materials

ASTM G153 (2013) Operating Enclosed Carbon Arc Light 
Apparatus for Exposure of Nonmetallic 
Materials

METAL BUILDING MANUFACTURERS ASSOCIATION (MBMA)

MBMA MBSM (2012) Metal Building Systems Manual

SECTION 07 42 13  Page 5



Hill Air Force Base, UT, Building 591 HILL591

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

NAAMM AMP 500 (2006) Metal Finishes Manual

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1793 (2012) Architectural Sheet Metal Manual, 
7th Edition

U.S. GREEN BUILDING COUNCIL (USGBC)

LEED NC (2009) Leadership in Energy and 
Environmental Design(tm) New Construction 
Rating System

UNDERWRITERS LABORATORIES (UL)

UL Bld Mat Dir (updated continuously online) Building 
Materials Directory

1.2   DEFINITIONS

Metal Wall Panel:  Metal wall panels, attachment system components and 
accessories necessary for a complete weather-tight wall system.

1.3   DESCRIPTION OF WALL PANEL SYSTEM

Factory color finished, metal wall panel system with concealed fastening 
attachment.  Panel profile must be smooth face.

1.3.1   Metal Wall Panel General Performance

Comply with performance requirements, conforming to AISI S100 , without 
failure due to defective manufacture, fabrication, installation, or other 
defects in construction.  Wall panels  and accessory components must 
conform to the following standards:

ASTM A1008/A1008M
ASTM A123/A123M
ASTM A36/A36M
ASTM A653/A653M
ASTM A606/A606M
ASTM D522/D522M for applied coatings
UL Bld Mat Dir

1.3.2   Structural Performance

Maximum calculated fiber stress must not exceed the allowable value in the 
AISI or AA manuals; a one third overstress for wind is allowed.  Midspan 
deflection under maximum design loads is limited to L/180.  Contract 
drawings show the design wind loads and the extent and general assembly 
details of the metal siding.  Contractor must provide design for members 
and connections not shown on the drawings.  Siding panels and accessories 
must be the products of the same manufacturer.

Provide metal wall panel assemblies complying with the load and stress 
requirements in accordance with ASTM E1592.  Wind Load force due to wind 
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action governs the design for panels.

Wall systems and attachments are to resist the wind loads as determined by 
ASTM E72 and ASCE 7 in the geographic area where the construction will 
take place, in pounds per square foot.  Submit five copies of wind load 
tests  and seismic tests  to the Contracting Officer.

Provide metal wall panel assembly for seismic conditions complying with 
the applicable requirements of AISC 341 .

1.3.3   Air Infiltration

Air leakage must conform to the limits through the wall assembly area when 
tested according to ASTM E283.

1.3.4   Water Penetration Under Static Pressure

No water penetration when tested according to ASTM E331.

1.3.5   Water Penetration Under Dynamic Pressure

No evidence of water leakage when tested according to AAMA 501.1 .

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Submit Documentation for the following items:

Qualification of Manufacturer ; G
Qualification of Installation Contractor ; G
Sample Warranty ; G

SD-02 Shop Drawings

Installation Drawings ; G

SD-03 Product Data

Recycled Content;  ( LEED NC)

Submit Manufacturer's data indicating percentage of recycle 
material in wall panels to verify  sustainable acquisition 
compliance.

Submit Manufacturer's catalog data for the following items:

Wall Panels  ; G

Factory Color Finish
Closure Materials
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Pressure Sensitive Tape
Sealants and Caulking
Galvanizing Repair Paint
Enamel Repair Paint
Aluminized Steel Repair Paint
Accessories

SD-04 Samples

Submit as required each of the following samples:

Wall Panels ,  12 inches  long by actual panel width; G
Fasteners ; G
Metal Closure Strips ,  10 inches  long of each type; G

Color chart  and chips; G

Submit manufacturer's color charts and chips, approximately 4 by 4 
inches, showing full range of colors, textures and patterns 
available for wall panels with factory applied finishes.

SD-05 Design Data

Wind load design analysis  ; G

As applicable, submit the following wind load design analysis 
data, to include, but not limited to:

wind speed
exposure category,co-efficient,importance factor
type of facility
negative pressures for each zone
methods and requirements of attachment

SD-06 Test Reports

Submit test reports for the following in accordance with the 
referenced articles in this section.

Leakage Tests ; G
Wind Load Tests ; G
Coating  Tests; G
Chalking  Tests; G

SD-07 Certificates

Submit certificates for the following items showing conformance 
with referenced standards contained in this section:

Coil Stock ; G
Fasteners ; G
Galvanizing Repair Paint ; G
Enamel Repair Paint ; G

SD-08 Manufacturer's Instructions

Include detailed application instructions and standard 
manufacturer drawings altered as required by these specifications.
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Installation  of Wall panels; G

SD-09 Manufacturer's Field Reports

Submit 3 bound copies of the Manufacturer's Field Reports ; G

SD-11 Closeout Submittals

Warranty ; G
Maintenance Instructions ; G

20 year "No Dollar Limit" warranty for labor and material

1.5   QUALITY ASSURANCE

1.5.1   Pre-Installation Conference

Upon notification of submittal receipt and approval by the Contracting 
Officer; and prior to the commencement of the work, the Contractor must 
attend a pre-installation conference to review the following:

a.  Drawings and Specifications.

b.  Qualification of Installer.

c.  Sustainable acquisition

d.  Approved Warranty

e.  Sample wall panels,  12 inches  long by actual panel width

f.  Sample metal closure strips,  10 inches  long of each type

g.  Color charts and chips

h.  Coatings and base metal tests, chalking tests

i.  Construction schedule, availability of materials, Installer's 
personnel, equipment and facilities required to progress with the work 
without delay.

j.  Methods and procedures related to installation of wall panels, 
including manufacturer's written instructions.  Explicitly identify in 
writing, differences between manufacturer's instructions and the 
specified requirements.

k.  Support conditions for compliance with requirements, including 
alignment between and attachment to structural members.

l.  Flashing, special siding details, wall penetrations, openings, and 
condition of other construction that will affect metal wall panels.

m.  Governing regulations and requirements for insurance, certificates, 
and tests and inspections if applicable.

n.  Temporary protection requirements for metal wall panel assembly during 
and after installation.

o.  Wall panel observation and repair procedures after metal wall panel 
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installation.  Provide detailed written instructions including copies 
of Safety Data Sheets for maintenance and repair materials, and 
manufacturer's maintenance instructions.

1.5.1.1   Installation Drawings

Installation shop drawings for wall panels, flashing, accessories, and 
anchorage systems must indicate completely dimensioned structural frame 
and erection layouts, openings in the wall, special framing details, and 
construction details at corners, building intersections and flashing, 
location and type of mastic and metal filler strips.

1.5.1.2   Wind Load Design Analysis

Wind design analysis must include wall plan delineating dimensions and 
attachment patterns for each zone.  Wind design analysis must be prepared 
and sealed by Licensed Project Engineer in the geographic area where the 
construction will take place.

1.5.2   Manufacturer's Technical Representative

The representative must have authorization from manufacturer to approve 
field changes and be thoroughly familiar with the products and 
installations in the geographical area where construction will take place.

1.5.3   Qualification of Manufacturer

Certify that metal wall panel system manufacturer has a minimum of five 
(5) years experience in manufacturing metal wall system and accessory 
products.

Manufacturer must also provide engineering services by an authorized 
engineer; currently licensed in the geographical area where construction 
will take place, having a minimum of four (4) years experience as an 
engineer knowledgeable in wind load design analysis, protocols and 
procedures per MBMA MBSM, "Metal Building Systems Manual"; ASCE 7, and 
ASTM E1592[ and seismic design conforming to AISC 341 ].

Provide certified engineering calculations, using the products submitted, 
for Wind load requirements in accordance with ASCE 7.

1.5.3.1   Manufacturer's Certificates

Also provide the following certifications from the manufacturer:

Coil Stock
Fasteners
Galvanizing Repair Paint
Enamel Repair Paint

Submit certification from coil stock manufacturer or supplier that the 
machinery used will form the provided coil stock without warping, 
waviness, or rippling that is not a part of the panel profile, and without 
damage, abrasion or marring of the finish coating.

Provide evidence that products used within this specification are 
manufactured in the United States.
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1.5.4   Certified Qualification of Installation Contractor

The installation contractor must be approved and certified by the metal 
wall panel manufacturer prior to beginning the installation of the metal 
wall panel system.  Subcontracting by Certified Contractor for the metal 
wall panel work is not permitted.

1.5.5   Single Source

Obtain each type of metal wall panels, clips, closure materials  and other 
accessories  from the standard products of the single source from a single 
manufacturer to operate as a complete system for the intended use.

1.5.6   Manufacturer's Maintenance Instructions

Provide manufacturer's detailed written instructions including copies of 
Safety Data Sheets for maintenance and repair materials.

1.6   DELIVERY, HANDLING, AND STORAGE

Deliver and protect package components, sheets, metal wall panels, and 
other manufactured items to prevent damage or deformation during 
transportation and handling.

Unload, store, and erect metal wall panels in a manner to prevent bending, 
warping, twisting, and surface damage.

Stack and store metal wall panels horizontally on platforms or pallets, 
covered with suitable weather-tight and ventilated covering to ensure 
dryness, with positive slope for drainage of water.  Do not store metal 
wall panels in contact with other materials that might cause staining, 
denting, or other surface damage.

Retain strippable protective covering on metal wall panel until actual 
installation.

1.7   PROJECT CONDITIONS

1.7.1   Field Measurements

Verify locations of wall framing and opening dimensions by field 
measurements before metal wall panel fabrication and indicate measurements 
on Shop Drawings.

1.7.2   Weather Limitations

Proceed with installation preparation only when existing and forecasted 
weather conditions permit Work to proceed without water entering into wall 
system or building.

1.8   WARRANTY

Warranty must conform to the Sample Warranty as reviewed and approved by 
the Contracting Officer.

1.8.1   20 Year "No Dollar Limit" Warranty for Labor and Material

Furnish manufacturer's no-dollar-limit warranty for the metal wall panel 
system.  The warranty period is to be no less than twenty (20) years from 
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the date of Government acceptance of the work.  The warranty is to be 
issued directly to the Government.  The warranty is to provide that if 
within the warranty period the metal wall panel system shows evidence of 
corrosion, perforation, rupture or excess weathering due to deterioration 
of the wall panel system resulting from defective materials and correction 
of the defective workmanship is to be the responsibility of the metal wall 
panel system manufacturer.  Repairs that become necessary because of 
defective materials and workmanship while metal wall panel system is under 
warranty are to be performed within 24 hours after notification, unless 
additional time is approved by the Contracting Officer.  Failure to 
perform repairs within 24 hours of notification will constitute grounds 
for having emergency repairs performed by others and not void the warranty.

PART 2   PRODUCTS

2.1   FABRICATION

Unless approved otherwise, fabricate and finish metal wall panels and 
accessories at the factory to greatest extent possible, by manufacturer's 
standard procedures and processes and as necessary to fulfill indicated 
and specified performance requirements.  Comply with indicated profiles 
and with dimensional and structural requirements.  See section 01 33 29  
LEED(tm) DOCUMENTATION for cumulative total recycled content  requirements.

Provide panel profile, including major ribs and intermediate stiffening 
ribs, if any, for full length of panel.  Fabricate metal wall panel side 
laps with factory-installed captive gaskets or separator strips that 
provide a tight seal and prevent metal-to-metal contact, in a manner that 
will seal weather-tight and minimize noise from movements within panel 
assembly.

2.1.1   Sheet Metal Accessories

Fabricate flashing and trim to comply with recommendations in SMACNA 1793 
that apply to the design, dimensions, metal, and other characteristics of 
item indicated:

a.  Form exposed sheet metal accessories that are without excessive oil 
canning, buckling, and tool marks and that are true to line and levels 
indicated, with exposed edges folded back to form hems.

b.  End Seams: fabricate nonmoving end seams with flat-lock seams.  Form 
seams and seal with epoxy seam sealer.  Rivet joints for additional 
strength.

c.  Sealed Joints: form non-expansion but movable joints in metal to 
accommodate elastomeric sealant to comply with SMACNA 1793.

d.  Conceal fasteners and expansion provisions where possible.  Exposed 
fasteners are not allowed on faces of accessories exposed to view.

e.  Fabricate cleats and attachment devices of size and metal thickness 
recommended by SMACNA 1793 or by metal wall panel manufacturer for 
application, but not less than thickness of metal being secured.
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2.2   PANEL MATERIALS

2.2.1   Steel Sheet

Roll-form steel wall panels  to the specified profile, with fy=  50 ksi , 22  
gauge and depth as indicated.  Material must be plumb and true, and within 
the tolerances listed:

a.   Aluminum-Zinc Alloy-coated Steel Sheet conforming to ASTM A792/A792M  
and AISI SG03-3 .

b.   Individual panels must be continuous length to cover the entire 
length of any unbroken wall area with no joints or seams and formed 
without warping, waviness, or ripples that are not part of the panel 
profile and free of damage to the finish coating system.

c.   Provide panels with thermal expansion and contraction consistent with 
the type of system specified.

1.   Smooth, flat Surface Texture.

2.2.2   Factory Color Finish

Comply with NAAMM AMP 500 for recommendations for applying and designating 
finishes.  Noticeable variations in same piece are not acceptable.  
Variations in appearance of adjoining components are acceptable if they 
are within the range of approved samples and are assembled or installed to 
minimize contrast.

All panels are to receive a factory-applied polyvinylidene fluoride finish 
consisting of a baked-on top-coat with a manufacturer's recommended prime 
coat conforming to the following:

2.2.2.1   Metal Preparation

Carefully prepare all metal surface for painting on a continuous process 
coil coating line by alkali cleaning, hot water rinsing, application of 
chemical conversion coating, cold water rinsing, sealing with acid rinse, 
and thorough drying.

2.2.2.2   Prime Coating

Apply a base coat of epoxy paint, specifically formulated to interact with 
the top-coat, to the prepared surfaces by roll coating to a dry film 
thickness of 0.20 plus 0.05 mils. Prime coat must be oven cured prior to 
application of finish coat.

2.2.2.3   Exterior Finish Coating

Roll coat the finish coating over the primer by roll coating to dry film 
thickness of 0.80 plus 5 mils (3.80 plus 0.50 mils for Vinyl Plastisol) 
for a total dry film thickness of 1.00 plus 0.10 mils (4.00 plus 0.10 mils 
for Vinyl Plastisol). Oven-cure finish coat. 

2.2.2.4   Interior Finish Coating

Apply a wash-coat on the reverse side over the primer by roll coating to a 
dry film thickness of 0.30 plus 0.05 mils for a total dry film thickness 
of 0.50 plus 0.10 mils. Oven-cured the wash coat.
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2.2.2.5   Color

Provide exterior finish color as selected by the Contracting Officer from 
the manufacturer's standard color chart .

2.2.2.6   Physical Properties

Coating  must conform to the industry and manufacturer's standard 
performance criteria as listed by the following certified test reports:

General: ASTM D5894 and ASTM D4587

Abrasion: ASTM D968

Adhesion: ASTM D3359

Chalking: ASTM D4214

Chemical Pollution: ASTM D1308

Color Change and Conformity: ASTM D2244

Creepage: ASTM D1654

Cyclic Corrosion Test: ASTM D5894

Flame Spread: ASTM E84

Flexibility: ASTM D522/D522M

Formability: ASTM D522/D522M

Gloss at 60 and 85 degrees: ASTM D523

Humidity: ASTM D2247 and ASTM D714

Oxidation: ASTM D610

Pencil Hardness: ASTM D3363

Reverse Impact: ASTM D2794

Salt Spray: ASTM B117

Weatherometer: ASTM G152, ASTM G153 and ASTM D822

2.3   MISCELLANEOUS METAL FRAMING

Cold-formed metallic-coated steel sheet conforming to ASTM A653/A653M  and 
specified in Section 05 40 00  COLD-FORMED METAL FRAMING unless otherwise 
indicated.
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2.3.1   Fasteners for Miscellaneous Metal Framing

Type, material, corrosion resistance, size and sufficient length to 
penetrate the supporting member a minimum of  1 inch  with other properties 
required to fasten miscellaneous metal framing members to supporting 
members and substrates in accordance with the wall panel manufacturer's 
and ASCE 7 requirements.

2.4   FASTENERS

2.4.1   General

2.4.1.1   Hidden Fasteners

Provide corrosion resistant fasteners recommended by the manufacturer to 
meet the performance requirements and design loads.

2.4.1.2   Screws

Screws to be corrosion resistant coated steel, aluminum and/or 300 - series
 stainless steel being the type and size recommended by the manufacturer 
to meet the performance requirements.

2.4.1.3   Rivets

Rivets to be closed-end type, corrosion resistant coated steel, aluminum 
or stainless steel where watertight connections are required.

2.4.1.4   Attachment Clips

Fabricate clips from steel hot-dipped galvanized in accordance with 
ASTM A653/A653M , Z275 G 90 or Series 300 stainless steel.  Size, shape, 
thickness and capacity as required meeting the insulation thickness and 
design load criteria specified. 

2.5   ACCESSORIES

2.5.1   General

All accessories must be compatible with the metal wall panels. Sheet metal 
flashing, trim, metal closure strips, caps and similar metal accessories 
must not be less than the minimum thickness specified for the wall panels. 
Exposed metal accessories/finishes to match the panels furnished, except 
as otherwise indicated.  Molded foam rib, ridge and other closure strips 
must be non-absorbent closed-cell or solid-cell synthetic rubber or 
pre-molded neoprene to match configuration of the panels.

2.5.2   Rubber Closure Strips

Provide closed-cell, expanded cellular rubber conforming to ASTM D1056 and 
ASTM D1667; extruded or molded to the configuration of the specified wall 
panel and in lengths supplied by the wall panel manufacturer.

2.5.3   Metal Closure Strips

Provide factory fabricated steel closure strips to be the same gauge, 
color, finish and profile of the specified wall panel.
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2.5.4   Joint Sealants

2.5.4.1   Sealants and Caulking

Provide approved gun type sealants for use in hand- or air-pressure 
caulking guns at temperatures above  40 degrees F  (or frost-free 
application at temperatures above  10 degrees F  with minimum solid content 
of 85 percent of the total volume.  Sealants must dry with a tough, 
durable surface skin which permit remaining soft and pliable underneath, 
providing a weather-tight joint.  No migratory staining is permitted on 
painted or unpainted metal, stone, glass, vinyl, or wood.

Prime all joints receiving sealants with a compatible one-component or 
two-component primer as recommended by the wall panel manufacturer.

2.5.4.2   Shop-Applied

Sealant for shop-applied caulking must be non-curing butyl compliant with 
AAMA 800 to ensure the sealant's plasticity at the time of field erection.

2.5.4.3   Field-Applied

Sealant for field-applied caulking must be an approved gun grade, non-sag 
one component polysulfide or two-component polyurethane with an initial 
maximum Shore A durometer hardness of 25, and conforming to ASTM C920, 
Type II. Color to match panel colors.

2.5.4.4   Pressure Sensitive Tape

Provide pressure sensitive tape sealant, 100 percent solid with a release 
paper backing; permanently elastic, non-sagging, non-toxic and 
non-staining as approved by the wall panel manufacturer.

2.6   SHEET METAL FLASHING AND TRIM

2.6.1   Fabrication

Shop fabricate sheet metal flashing and trim where practicable to comply 
with recommendations in SMACNA 1793 that apply to design, dimensions, 
metal, and other characteristics of item indicated.  Obtain field 
measurements for accurate fit before shop fabrication.

Fabricate sheet metal flashing and trim without excessive oil canning, 
buckling, and tool marks and true to line and levels indicated, with 
exposed edges folded back to form hems.

2.7   REPAIR OF FINISH PROTECTION

Repair paint for color finish enameled wall panel must be compatible paint 
of the same formula and color as the specified finish furnished by the 
wall panel manufacturer.  Provide 1 quarts ofrepair paint matching the 
specified wall panels.

PART 3   EXECUTION

3.1   EXAMINATION

Examine substrates, areas, and conditions, with Installer present, for 
compliance with requirements for installation tolerances, metal wall panel 
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supports, and other conditions affecting performance of the Work.

Examine primary and secondary wall framing to verify that rafters, 
purlins, angles, channels, and other structural panel support members and 
anchorages have been installed within alignment tolerances required by 
metal wall panel manufacturer, UL, ASTM, ASCE 7 and as required for the 
geographical area where construction will take place.

Examine solid wall sheathing to verify that sheathing joints are supported 
by framing or blocking and that installation is within flatness tolerances 
required by metal wall panel manufacturer.

Examine roughing-in for components and systems penetrating metal wall 
panels to verify actual locations of penetrations relative to seam 
locations of metal wall panels before metal wall panel installation.

Submit to the Contracting Officer a written report, endorsed by Installer, 
listing conditions detrimental to performance of the Work.  Proceed with 
installation only after unsatisfactory conditions have been corrected.

3.2   PREPARATION

Clean substrates of substances harmful to insulation, including removing 
projections capable of interfering with insulation attachment.  
Miscellaneous framing installation, including sub-purlins, girts, angles, 
furring, and other miscellaneous wall panel support members and anchorage 
must be according to metal wall panel manufacturer's written instructions.

3.3   WALL PANEL INSTALLATION

Provide full length metal wall panels, from sill to eave as indicated, 
unless otherwise indicated or restricted by shipping limitations.  Anchor 
metal wall panels and other components of the Work securely in place, with 
provisions for thermal and structural movement in accordance with MBMA MBSM.

Erect wall panel system in accordance with the approved erection drawings, 
the printed instructions and safety precautions of the manufacturer.

Sheets are not to be subjected to overloading, abuse, or undue impact.  
Bent, chipped, or defective sheets shall not be applied.

Sheets must be erected true and plumb and in exact alignment with the 
horizontal and vertical edges of the building, securely anchored, and with 
the indicated eave, and sill.

Work is to allow for thermal movement of the wall panel, movement of the 
building structure, and to provide permanent freedom from noise due to 
wind pressure.

Field cutting metal wall panels by torch is not permitted.

3.3.1   Steel Wall Panels

Use stainless-steel fasteners for exterior surfaces and galvanized steel 
fasteners for interior surfaces.

3.3.2   Anchor Clips

Anchor metal wall panels and other components of the Work securely in 
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place, using manufacturer's approved fasteners according to manufacturers' 
written instructions.

3.3.3   Metal Protection

Where dissimilar metals will contact each other or corrosive substrates, 
protect against galvanic action by painting contact surfaces with 
bituminous coating, by applying rubberized-asphalt underlayment to each 
contact surface, or by other permanent separation as recommended by metal 
wall panel manufacturer.

3.3.4   Joint Sealers

Install gaskets, joint fillers, and sealants where indicated and where 
required for weatherproof performance of metal wall panel assemblies.  
Provide types of gaskets, fillers, and sealants indicated or, if not 
indicated, types recommended by metal wall panel manufacturer.

3.4   FASTENER INSTALLATION

Anchor metal wall panels and other components of the Work securely in 
place, using manufacturer's approved fasteners according to manufacturers' 
written instructions.

3.5   FLASHING, TRIM AND CLOSURE INSTALLATION

3.5.1   General Requirements

Comply with performance requirements, manufacturer's written installation 
instructions, and SMACNA 1793.  Provide concealed fasteners where 
possible, and set units true to line and level as indicated.  Install work 
with laps, joints, and seams to form permanently watertight and weather 
resistant.

Install sheet metal work is to form weather-tight construction without 
waves, warps, buckles, fastening stresses or distortion, and allow for 
expansion and contraction.  Cutting, fitting, drilling, and other 
operations in connection with sheet metal required to accommodate the work 
of other trades is to be performed by sheet metal mechanics.

3.5.2   Metal Flashing

Install exposed metal flashing at building corners, sills and eaves, 
junctions between metal siding and walling.  Exposed metal flashing must 
be the same material, color, and finish as the specified metal wall panel.

Fasten flashing at a minimum of  8 inches  on center, except where flashing 
is held in place by the same screws that secure covering sheets.

Flashing is to be furnished in at least  8 foot  lengths.  Exposed flashing 
is to have  1 inch  locked and blind-soldered end joints, and expansion 
joints at intervals of not more than  16 feet .

Exposed flashing and flashing subject to rain penetration to be bedded in 
the specified joint sealant.

Isolate flashing which is in contact with dissimilar metals by means of 
the specified asphalt mastic material to prevent electrolytic 
deterioration.
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Form drips to the profile indicated, with the edge folded back  1/2 inch  to 
form a reinforced drip edge.

3.5.3   Closures

Install metal closure strips at open ends of corrugated or ribbed pattern 
walls, and at intersection of wall and wall unless open ends are concealed 
with formed eave flashing; and in other required areas.

Install mastic closure strips at intersection of the wall with metal 
walling; top and bottom of metal siding; heads of wall openings; and in 
other required locations.

3.6   WORKMANSHIP

Make lines, arises, and angles sharp and true.  Free exposed surfaces from 
visible wave, warp, buckle, and tool marks.  Fold back exposed edges 
neatly to form a  1/2 inch  hem on the concealed side.  Make sheet metal 
exposed to the weather watertight with provisions for expansion and 
contraction.

Make surfaces to receive sheet metal plumb and true, clean, even, smooth, 
dry, and free of defects and projections which might affect the 
application.  For installation of items not shown in detail or not covered 
by specifications conform to the applicable requirements of SMACNA 1793.  
Provide sheet metal flashing in the angles formed where roof decks abut 
walls, curbs, ventilators, pipes, or other vertical surfaces and wherever 
indicated and necessary to make the work watertight.  

3.7   ACCEPTANCE PROVISIONS

3.7.1   Erection Tolerances

Erect metal wall panels straight and true with plumb vertical lines 
correctly lapped and secured in accordance with the manufacturer's written 
instructions.

3.7.2   Leakage Tests

Finished application of metal wall panels are to be subject to inspection 
and test for leakage by request of the Contracting Officer, 
Architect/Engineer.  Conduct inspection and tests at no cost to the 
Government.

Inspection and testing is to be made promptly after erection to permit 
correction of defects and the removal and replacement of defective 
materials.

3.7.3   Repairs to Finish

Scratches, abrasions, and minor surface defects of finish may be repaired 
with the specified repair materials.  Finished repaired surfaces must be 
uniform and free from variations of color and surface texture.

Repaired metal surfaces that are not acceptable to the project 
requirements and/or Contracting Officer are to be immediately removed and 
replaced with new material.
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3.7.4   Paint-Finish Metal Siding

Paint-finish metal siding will be tested for color stability by the 
Contracting Officer during the manufacturer's specified guarantee period.

Panels that indicate color changes, fading, or surface degradation, 
determined by visual examination, must be removed and replaced with new 
panels at no expense to the Government.

New panels will be subject to the specified tests for an additional year 
from the date of their installation.

3.8   FIELD QUALITY CONTROL

3.8.1   Construction Monitoring

Make visual inspections as necessary to ensure compliance with specified 
requirements. Additionally, verify the following:

a.  Materials comply with the specified requirements.

b.  All materials are properly stored, handled and protected from damage.  
Damaged materials are removed from the site.

c.  Framing and substrates are in acceptable condition, in compliance with 
specification, prior to application of wall panels.

d.  Panels are installed without buckles, ripples, or waves and in uniform 
alignment and modulus.

e.  Side laps are formed, sealed, fastened or seam locked as required.

f.  The proper number, type, and spacing of attachment clips and fasteners 
are installed.

g.  Installer adheres to specified and detailed application parameters.

h.  Associated flashing and sheet metal are installed in a timely manner 
in accord with the specified requirements.

Provide five bound copies of Manufacturer's Field Reports  to the 
Contracting Officer two weeks prior to project close-out.

3.9   CLEAN-UP AND DISPOSAL

Clean all exposed sheet metal work at completion of installation.  Remove 
metal shavings, filings, nails, bolts, and wires from work area.  Remove 
grease and oil films, excess sealants, handling marks, contamination from 
steel wool, fittings and drilling debris and scrub the work clean.  
Exposed metal surfaces must be free of dents, creases, waves, scratch 
marks, solder or weld marks, and damage to the finish coating.

Collect and place scrap/waste materials in containers.  Promptly dispose 
of demolished materials.  Do not allow demolished materials to accumulate 
on-site; transport demolished materials from government property and 
legally dispose of them.

        -- End of Section --
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The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE) 

 

ASCE 7 (2017) Minimum Design Loads for Buildings 

and Other Structures 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM D4637/D4637M (2015) EPDM Sheet Used in Single-Ply Roof 

Membrane 

 

ASTM D4811/D4811M (2016) Standard Specification for 

Nonvulcanized (Uncured) Rubber Sheet Used 

as Roof Flashing 

 

ASTM D6369 (1999; R 2006) Design of Standard Flashing 

Details for EPDM Roof Membranes 

 

ASTM E108 (2011) Fire Tests of Roof Coverings 

FM GLOBAL (FM) 

FM 4470 (2010) Single-Ply, Polymer-Modified 

Bitumen Sheet, Built-up Roof (BUR), and 

Liquid Applied Roof Assemblies for Use in 

Class 1 and Noncombustible Roof Deck 

Construction 

 

FM APP GUIDE (updated on-line) Approval Guide 

http://www.approvalguide.com/ 

 

NATIONAL ROOFING CONTRACTORS ASSOCIATION (NRCA) 

 

NRCA RoofMan (2017) The NRCA Roofing Manual 

SINGLE PLY ROOFING INDUSTRY (SPRI) 

ANSI/SPRI RD-1 (2014) Performance Standard for Retrofit 

Drains 

 

U.S. DEPARTMENT OF ENERGY (DOE) 

 

Energy Star (1992; R 2006) Energy Star Energy 

Efficiency Labeling System (FEMP) 
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UNDERWRITERS LABORATORIES (UL) 

 

UL 790 (2004; Reprint Jul 2014) Standard Test 

Methods for Fire Tests of Roof Coverings 

 

UL RMSD (2012) Roofing Materials and Systems 

Directory 

 

1.2 DESCRIPTION OF ROOF MEMBRANE SYSTEM 

 

Fully adhered EPDM roof membrane system applied over insulation substrate. 

 

1.3 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

Roof Plan Drawing 

Wind Load Calculations 

Boundaries of Enhanced Perimeter 

Corner Attachments of Roof System Components 

Location of Perimeter Half-Sheets 

Spacing of Perimeter, Corner, and Infield Fasteners 

Slopes and Drain Locations 

SD-03 Product Data 

Cement 

EPDM Sheet; G 
 

Heat Island Reduction; S 

 

Energy Star Label for Top Coating; S 

Seam Tape 

Bonding Adhesive 

Lap Splice Adhesive 

Water Cutoff Mastic/Water Block 
 

Lap Cleaner, Lap Sealant, and Edge Treatment 

Flashings 
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Flashing Accessories 

Flashing Tape 

Fasteners and Plates 

Ballast 

Roof Insulation 

Protection Mat 

Pre-Manufactured Accessories 

Sample Warranty Certificate; G 

Submit all data required together with requirements of this 

section. Include a written acceptance by the roof membrane 

manufacturer of the insulation and other products and accessories 

to be provided. List products in the applicable wind uplift and 

fire rating classification listings, unless approved otherwise by 

the Contracting Officer. 

 

SD-05 Design Data 

 

Wind Uplift Calculations; G 

 

Engineering calculations validating the wind resistance of roof 

system. 

 

SD-07 Certificates 

 

Qualification of Manufacturer 

 

Certify that the manufacturer of the roof membrane meets 

requirements specified under paragraph entitled "Qualification of 

Manufacturer." 

 

Qualification of Applicator 

 

Certify that the applicator meets requirements specified under 

paragraph entitled "Qualification of Applicator." 

 

Wind Uplift Resistance classification, as applicable; G 

Fire Resistance classification; G 

Submit the roof system assembly fire rating classification 

listings. 

 

SD-08 Manufacturer's Instructions 

Application; G 

Application Method; G, including pattern and frequency of 

mechanical attachments required in the field of roof, corners, and 

perimeters to provide for the specified wind resistance 
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Membrane Flashing; G 

Seam Tape 

Tape Seams / Lap Splices 

Adhesive Seams / Lap Splices 

Perimeter Attachment 

Primer 

Fasteners 

Pavers 

Protection Mat 

Pre-Manufactured Accessories 

Cold Weather Installation; G 

Include detailed application instructions and standard 

manufacturer drawings altered as required by these specifications. 

Explicitly identify in writing, differences between manufacturer's 

printed instructions and the specified requirements. 

 

SD-11 Closeout Submittals 

Warranty 

Information Card 

 

Instructions To Government Personnel 

 

Include copies of Safety Data Sheets (SDS) for maintenance/repair 

materials. 

 

1.3.1 Shop Drawings 

 

Roof plan drawing depicting wind load calculations and boundaries of 

enhanced perimeter and corner attachments of roof system components, [ 

location of perimeter half-sheets][, spacing of perimeter, corner, and 

infield fasteners,] as applicable. Include the project roof plan of each 

roof level and conditions indicated. Provide all slopes and drain 

locations. 

 

1.4 QUALITY ASSURANCE 

 

1.4.1 Qualification of Manufacturer 

 

EPDM sheet roofing membrane manufacturer must have at least 5 years 

experience in manufacturing EPDM roofing products. 

 

1.4.2 Qualification of Applicator 

 

Roofing system applicator must be approved, authorized, or licensed in 

writing by the roof membrane manufacturer and must have a minimum of three 

years experience as an approved, authorized, or licensed applicator with 
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that manufacturer and be approved at a level capable of providing the 

specified warranty. The applicator must supply the names, locations and 

client contact information of 5 projects of similar size and scope that 

the applicator has constructed using the manufacturer's roofing products 

submitted for this project within the previous three years. 

 

1.4.3 Fire Resistance 

 

Complete roof covering assembly must: 

 

a. Be Class A rated in accordance with ASTM E108, FM 4470, or UL 790; and 

 

b. Be listed as part of Fire-Classified roof deck construction in the 

UL RMSD or Class I roof deck construction in the FM APP GUIDE. 

 

FM or UL approved components of the roof covering assembly must bear the 

appropriate FM or UL label. 

 

1.4.4 Wind Uplift Resistance 

 

Provide a complete roof system assembly that is rated and installed to 

resist wind loads indicated and validated by uplift resistance testing in 

accordance with Factory Mutual (FM) test procedures. Do not install 

non-rated systems except as approved by the Contracting Officer. Submit 

licensed engineer's wind uplift calculations and substantiating data to 

validate any non-rated roof system. Base wind uplift measurements based 

on a design wind speed of 115 mph in accordance with ASCE 7 and other 

applicable building code requirements 

 

1.4.5 Preroofing Conference 

 

After approval of submittals and before performing roofing [and 

insulation] system installation work, hold a preroofing conference to 

review the following: 

 

a. Drawings, specifications and submittals related to the roof work; 

 

b. Roof system components installation; 

 

c. Procedure for the roof manufacturer's technical representative's 

onsite inspection and acceptance of the roofing substrate, the name of 

the manufacturer's technical representatives, the frequency of the 

onsite visits, distribution of copies of the inspection reports from 

the manufacturer's technical representative; 

 

d. Contractor's plan for coordination of the work of the various trades 

involved in providing the roofing system and other components secured 

to the roofing; and 

 

e. Quality control plan for the roof system installation; 

 

f. Safety requirements. 

 

Coordinate preroofing conference scheduling with the Contracting Officer. 

The conference must be attended by the Contractor, the Contracting 

Officer's designated personnel, personnel directly responsible for the 

installation of roofing flashing and sheet metal work, mechanical and 

electrical] work, other trades interfacing with the roof work, and 

representative of the roofing materials manufacturer. Before beginning 
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roofing work, provide a copy of meeting notes and action items to all 

attending parties. Note action items requiring resolution prior to start 

of roof work. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

1.5.1 Delivery 

 

Deliver materials in their original, unopened containers or wrappings with 

labels intact and legible. Where materials are covered by a referenced 

specification number, the labels must bear the specification number, type, 

class, and shelf life expiration date where applicable. Deliver materials 

in sufficient quantity to allow continuity of work. 

 

1.5.2 Storage 

 

Store and protect materials from damage and weather in accordance with 

manufacturer's printed instructions, except as specified otherwise.  Keep 

materials clean and dry. Store and maintain adhesives, sealants, primers 

and other liquid materials above 60 degrees F. Utilize insulated hot 

boxes or other enclosed warming devices in cold weather. Mark and remove 

damaged materials from the site.  Use pallets to support and canvas 

tarpaulins to completely cover material materials stored outdoors. Do not 

use polyethylene as a covering. Locate materials temporarily stored on 

the roof in approved areas, and distribute the load to stay within the 

live load limits of the roof construction. Remove unused materials from 

the roof at the end of each days work. 

 

1.5.3 Handling 

 

Prevent damage to edges and ends of roll materials. Do not install 

damaged materials in the work. Select and operate material handling 

equipment so as not to damage materials or applied roofing. Do not use 

materials contaminated by exposure or moisture. Remove contaminated 

materials from the site. When hazardous materials are involved, adhere to 

the special precautions of the manufacturer. Adhesives may contain 

petroleum distillates and may be extremely flammable; prevent personnel 

from breathing vapors, and do not use near sparks or open flame. 

 

1.6 ENVIRONMENTAL REQUIREMENTS 

 

Do not install EPDM sheet roofing during high winds or inclement weather, 

or when there is ice, frost, moisture, or visible dampness on the 

substrate surface, or when condensation develops on surfaces during 

application. Unless recommended otherwise by the EPDM sheet manufacturer 

and approved by the Contracting Officer, do not install EPDM sheet when 

air temperature is below 40 degrees F or within 5 degrees F of the 

dewpoint. Follow manufacturer's printed instructions for installation 

during cold weather conditions. 

 

1.7 SEQUENCING 

 

Coordinate the work with other trades to ensure that components which are 

to be secured to or stripped into the roofing system are available and 

that permanent flashing and counterflashing are installed as the work 

progresses. Ensure temporary protection measures are in place to preclude 

moisture intrusion or damage to installed materials. Apply roofing 

immediately following application of insulation as a continuous 

operation. Coordinate roofing operations with insulation work so that all 
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roof insulation applied each day is covered with roof membrane 

installation the same day. 

 

1.8 WARRANTY 

 

Provide roof system material and workmanship warranties meeting specified 

requirements. Provide revision or amendment to standard membrane 

manufacturer warranty as required to comply with the specified 

requirements. Provide a manufacturer's warranty that has no dollar limit, 

covers full system water-tightness and has a minimum duration of 20 years. 

 

1.8.1 Roof Membrane Manufacturer Warranty 

 

Furnish the roof membrane manufacturer's 20 year no dollar limit roof 

system materials and installation workmanship warranty, including 

flashing, insulation, and accessories necessary for a watertight roof 

system construction. Write the warranty directly to the Government and 

commence at time of Government's acceptance of the roof work. The 

warranty must state that: 

 

a. If within the warranty period the roof system, as installed for its 

intended use in the normal climatic and environmental conditions of 

the facility, becomes non-watertight, shows evidence of moisture 

intrusion within the assembly, splits, tears, cracks, delaminates, 

separates at the seams, shrinks to the point of bridging or tenting 

membrane at transitions, or shows evidence of excessive weathering due 

to defective materials or installation workmanship, the repair or 

replacement of the defective and damaged materials of the roof system 

assembly and correction of defective workmanship is the responsibility 

of the roof membrane manufacturer. The roof membrane manufacturer is 

responsible for all costs associated with the repair or replacement 

work. 

 

b. When the manufacturer or his approved applicator fail to perform the 

repairs within 72 hours of notification, emergency temporary repairs 

performed by others does not void the warranty. 

 

1.8.2 Roofing System Installer Warranty 

 

The roof system installer must warrant for a period of two years that the 

roof system, as installed, is free from defects in installation 

workmanship, to include the roof membrane, flashing, insulation, 

accessories, attachments, and sheet metal installation integral to a 

complete watertight roof system assembly. Write the warranty directly to 

the Government. The roof system installer is responsible for correction 

of defective workmanship and replacement of damaged or affected 

materials. The roof system installer is responsible for all costs 

associated with the repair or replacement work. 

 

1.8.3 Continuance of Warranty 

 

Approve repair or replacement work that becomes necessary within the 

warranty period and accomplish in a manner so as to restore the integrity 

of the roof system assembly and validity of the roof membrane manufacturer 

warranty for the remainder of the manufacturer warranty period. 

 

1.9 CONFORMANCE AND COMPATIBILITY 

 

Provide the entire roofing and flashing system in accordance with 
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specified and indicated requirements, including fire and wind resistance 

requirements. Work not specifically addressed and any deviation from 

specified requirements must be in general accordance with recommendations 

of the NRCA RoofMan, membrane manufacturer published recommendations and 

details, ASTM D6369, and compatible with surrounding components and 

construction. Submit any deviation from specified or indicated 

requirements to the Contracting Officer for approval prior to installation. 

 

PART 2 PRODUCTS 

 

2.1 MATERIALS 

 

Coordinate with other specification sections related to the roof work. 

Furnish a combination of specified materials that comprise a roof system 

acceptable to the roof membrane manufacturer and meeting specified 

requirements. Protect materials provided from defects and make suitable 

for the service and climatic conditions of the installation. 

 

2.1.1 EPDM Sheet 

 

Ethylene Propylene Diene Terpolymer (EPDM), ASTM D4637/D4637M, Type I, 

non-reinforced, 0.090 inch nominal thickness for fully adhered 

application. Provide membrane with minimum thickness not less than minus 

10 percent of the specified thickness value. EPDM membrane thickness 

specified is exclusive of backing material on the EPDM membrane. 

Principal polymer used in manufacture of the membrane sheet must be 

greater than 95 percent EPDM. Width and length of sheet must be as 

recommended by the manufacturer. 

 

2.1.2 Energy Performance 

 

Install a roof system that meets an overall performance as specified on 

the drawings or by insulation specified in other sections. 

 

2.1.3 Seam Tape 

 

Double-sided synthetic rubber tape, minimum 0.03 inch thick, minimum 3 inch 

wide. Utilize seam tape as recommended by the manufacturer's printed 

data for forming watertight bond of EPDM sheet materials to each other for 

the application specified and conditions encountered. 6 inch wide tape is 

required for seam seals along lines of mechanical attachment of membrane. 

 

2.1.4 Lap Splice Adhesive 

 

Low volatile organic compound (VOC) synthetic rubber adhesive as supplied 

by roof membrane manufacturer and recommended by the manufacturer's 

printed data for forming watertight bond of EPDM sheet membrane materials 

to each other in areas of membrane flashing. 

 

2.1.5 Bonding Adhesive 

 

Low volatile organic compound (VOC) adhesive as supplied by roof membrane 

manufacturer and recommended by the manufacturer's printed data for 

bonding EPDM membrane materials to insulation, wood, metal, concrete or 

other substrate materials. Do not use bonding adhesive to bond membrane 

materials to each other. 
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2.1.6 Lap Cleaner, Lap Sealant, and Edge Treatment 

 

As supplied by the roof membrane manufacturer and recommended by the 

manufacturer's printed data. 

 

2.1.7 Water Cutoff Mastic/Water Block 

 

As supplied by the roof membrane manufacturer and recommended by the 

manufacturer's printed data. 

 

2.1.8 Membrane Flashings and Flashing Accessories 

 

Provide membrane flashing, including self-adhering membrane flashing, 

perimeter flashing, flashing around roof penetrations, and prefabricated 

pipe seals, that is minimum 0.045 inch cured EPDM, as recommended by the 

roof membrane manufacturer or minimum 0.055 inch thick uncured EPDM sheet 

in compliance with ASTM D4811/D4811M, Type I. Use cured EPDM membrane to 

the maximum extent recommended by the roof membrane manufacturer. Limit 

uncured flashing material to reinforcing inside and outside corners and 

angle changes in plane of membrane, and to flash scuppers, pourable sealer 

pockets, and other formed penetrations or unusually shaped conditions as 

recommended by the roof membrane manufacturer where the use of cured 

material is impractical. 

 

2.1.8.1 Flashing Tape 

 

EPDM-backed synthetic rubber tape, minimum 6 inch wide as supplied by the 

roof membrane manufacturer and recommended by the manufacturer's printed 

data. 
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2.1.9 Pre-Manufactured Accessories 

 

Pre-manufactured accessories must be manufacturer's standard for intended 

purpose,[ comply with applicable specification section,] compatible with 

the membrane roof system and approved for use by the roof membrane 

manufacturer. 

 

2.1.10 Roof Insulation Below EPDM Sheet 

 

Ensure insulation system and facer material is compatible with membrane 

application specified and as approved by the roof membrane manufacturer. 

 

2.1.11 Wood Products 

 

Do not allow fire retardant treated materials be in contact with EPDM 

membrane or EPDM accessory products, unless approved by the membrane 

manufacturer and the Contracting Officer. 

 

2.1.12 Membrane Liner 

 

EPDM membrane liner conforming to ASTM D4637/D4637M, or other waterproof 

membrane liner material as approved by the roof membrane manufacturer and 

the Contracting Officer. 

 

2.2 FLASHING CEMENT 

 

Provide a self-vulcanizing butyl compound flashing cement for splicing 

laps and for flashings workable at 20 degrees F. Obtain a recommendation 

for such flashing cement from the roofing membrane manufacturer. 

 

PART 3 EXECUTION 

 

3.1 EXAMINATION 

 

Ensure that the following conditions exist prior to application of the 

roofing materials: 

 

a. Do not install items that show visual evidence of biological growth. 

 

b. Drins,a curbs, control joints, expansion joints, perimeter walls, roof 

penetrating components, and equipment supports are in place. 

 

c. Surfaces are rigid, clean, dry, smooth, and free from cracks, holes, 

and sharp changes in elevation. 

 

d. The plane of the substrate does not vary more than 1/4 inch within an 

area 10 by 10 feet when checked with a 10 foot straight edge placed 

anywhere on the substrate. 

 

e. Substrate is sloped to provide positive drainage. 

 

f. Walls and vertical surfaces are constructed to receive 

counterflashing, and will permit mechanical fastening of the base 

flashing materials. 

 

g. Treated wood nailers are in place on non-nailable surfaces, to permit 

nailing of base flashing at minimum height of 8 inch above finished 

roofing surface. 
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h. Pressure-preservative treated wood nailers are fastened in place at 

eaves, gable ends, openings, and intersections with vertical surfaces 

for securing of membrane, edging strips, attachment flanges of sheet 

metal, and roof fixtures. Embedded nailers are flush with deck 

surfaces. Surface-applied nailers are the same thickness as the roof 

insulation. 

 

i. Avoid contact of EPDM materials with fire retardant treated wood, 

except as approved by the roof membrane manufacturer and Contracting 

Officer. 

 

j. Cants are securely fastened in place in the angles formed by walls and 

other vertical surfaces. The angle of the cant is 45 degrees and the 

height of the vertical leg is not less than 3-1/2 inch. 

 

l. Exposed nail heads in wood substrates are properly set. Warped and 

split [boards] [sheets] have been replaced. There are no cracks or 

end joints 1/4 inch in width or greater. Joints in plywood substrates 

are taped or otherwise sealed to prevent air leakage from the 

underside. 

 

m. Insulation boards are installed smoothly and evenly, and are not 

broken, cracked, or curled. There are no gaps in insulation board 

joints exceeding 1/4 inch in width. Insulation is being roofed over 

on the same day the insulation is installed. 

 

3.2 APPLICATION 

 

Apply entire EPDM sheet utilizing fully adhered application method[s]. 

Apply roofing materials as specified herein unless approved otherwise by 

the Contracting Officer. 

 

3.2.1 Special Precautions 

 

a. Do not dilute coatings or sealants unless specifically recommended by 

the materials manufacturer's printed application instructions. Do not 

thin liquid materials with cleaners used for cleaning EPDM sheet. 

 

b. Keep liquids in airtight containers, and keep containers closed except 

when removing materials. 

 

c. Use liquid components, including adhesives, within their shelf life 

period. Store adhesives at 60 to 80 degrees F prior to use. Avoid 

excessive adhesive application and adhesive spills, as they can be 

destructive to some elastomeric sheets and insulations; follow 

adhesive manufacturer's printed application instructions. Mix and use 

liquid components in accordance with label directions and 

manufacturer's printed instructions. 

 

d. Provide clean, dry cloths or pads for applying membrane cleaners and 

cleaning of membrane 

 

e. Do not use heat guns or open flame to expedite drying of adhesives or 

primers. 

 

f. Require workmen and others who walk on the membrane to wear clean, 

soft-soled shoes to avoid damage to roofing materials. 

 

g. Do not use equipment with sharp edges which could puncture the EPDM 
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sheet. 

 

h. Shut down air intakes and any related mechanical systems and seal open 

vents and air intakes when applying solvent-based materials in the 

area of the opening or intake. Coordinate shutdowns with the 

Contracting Officer. 

 

3.2.2 EPDM Sheet Roofing 

 

Provide a watertight roof membrane sheet free of contaminants and defects 

that might affect serviceability. Provide a uniform, straight, and flat 

edge. Unroll EPDM sheet roofing in position without stretching membrane. 

Inspect for holes. Remove sections of EPDM sheet roofing that are 

damaged. Allow sheets to relax minimum 30 minutes before seaming. Lap 

sheets as specified, to shed water, and as recommended by the roof 

membrane manufacturer's published installation instructions for the 

application required but not less than 3 inch in any case. 

 

3.2.3 Application Method 

 

[3.2.3.1 Combined Fully Adhered and Mechanically Fastened Application 

 

Install combined fully adhered and mechanically fastened roof membrane 

system in the manner specified and including seaming, perimeter and 

infield fastening and half sheets. 

 

][3.2.3.2 Fully Adhered Membrane Application 

 

Layout membrane and side lap adjoining sheets in accordance with membrane 

manufacturer's printed installation instructions.  Allow for sufficient 

membrane to form proper membrane terminations. Remove dusting agents and 

dirt from membrane and substrate areas where bonding adhesives are to be 

applied. Apply specified adhesive evenly and continuously to substrate 

[and underside of sheets] at rates recommended by the roof membrane 

manufacturer's printed application instructions.  When adhesive is spray 

applied, roll with a paint roller to ensure proper contact and coverage. 

Do not apply bonding adhesive to surfaces of membrane in seam or lap 

areas. Allow adhesive to flash off or dry to consistency prescribed by 

manufacturer before adhering sheets to the substrate. Roll each sheet 

into adhesive slowly and evenly to avoid wrinkles; broom or roll the 

membrane to remove air pockets and fishmouths and to ensure full, 

continuous bonding of sheet to substrate. Form field lap splices or seams 

as specified. Check all seams and ensure full lap seal. Apply lap 

sealant to all adhesive formed seams and all cut edges of reinforced 

membrane materials. 

 

][3.2.3.3 Mechanically Fastened Membrane Application 

 

Layout membrane and lap adjoining sheets in accordance with membrane 

manufacturer's printed instructions such that a minimum 3 inch [  ] 

seam width is maintained and seam width is as required by tested assembly 

meeting specified wind resistance requirements. Account for additional 

overlap required for placement of fasteners and plates or battens beyond 

the closed seam. Allow for sufficient membrane to form proper membrane 

terminations. Ensure membrane is free of wrinkles and ridges in the 

installation. Mechanically secure the membrane sheet with specified 

fasteners in the lap area. Space fasteners as required to provide the 

wind uplift resistance specified and in accordance with submitted fastener 

patterns for the field, corner, and perimeter roof areas. Set fasteners 
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firm to plate or batten. Form field lap splices or seams as specified. 

Check all seams and ensure full lap seal. Apply lap sealant to all 

adhesive formed seams and all cut edges of reinforced membrane materials. 

 

][3.2.3.4 Ballasted Membrane Application 

 

Layout membrane and side lap adjoining sheets minimum 4 inch and according 

to membrane manufacturer's printed instructions.  Allow for sufficient 

membrane to form proper membrane terminations. Ensure membrane is free of 

wrinkles and ridges in the installation. Form field lap splices or seams 

as specified and of width required by the membrane manufacturer's 

installation instructions. Check seams to ensure continuous seal before 

proceeding with further work. Apply continuous lap sealant to all 

adhesive formed seams and all cut edges of reinforced membrane materials. 

 

]3.2.4 Tape Seams / Lap Splices 

 

Field form seams, or lap splices, with seam tape in accordance with 

membrane manufacturer's printed instructions and as specified. Clean and 

prime mating surfaces in the seam area. After primer has dried or set in 

accordance with membrane manufacturer's instructions, apply seam tape to 

bottom membrane and roll with a 3 inch to 4 inch wide smooth silicone or 

steel hand roller, or other manufacturer approved rolling device, to 

ensure full contact and adhesion of tape to bottom membrane. Tape end 

laps must be minimum 1 inch. Roll top membrane into position to check for 

proper overlap and alignment.  Remove release paper from top of seam tape 

and form seam splice. Ensure top membrane contact with seam tape as 

release paper is removed. Roll the closed seam with a smooth silicone or 

steel hand roller, rolling first across the width of the seam then along 

the entire length, being careful not to damage the membrane. Apply minimum 

9 inch long strip of membrane-backed flashing tape over T-intersections 
of roof membrane. Roll tape to ensure full adhesion and seal over T-joint. 

[3.2.5 Adhesive Seams / Lap Splices 

Use only field-applied adhesive formed seams [in flashing areas] where 

approved by the membrane manufacturer and the Contracting Officer. Do not 

use adhesive formed seams for field of roof membrane seaming[, except as 

approved by the membrane manufacturer and the Contracting Officer]. 

Thoroughly and completely clean mating surfaces of materials throughout 

the lap area. Remove all dirt, dust, and contaminants and allow to dry. 

 

Apply primer as recommended by the membrane manufacturer. Apply splice 

adhesive with a 3 inch to 4 inch wide, 1/2 inch thick, solvent-resistant 

brush in a smooth, even coat with long brush strokes. Bleed out brush 

marks. Do not apply adhesive in a circular motion. Simultaneously apply 

adhesive to both mating surfaces in an approximate 0.025 to 0.030 inch wet 

film thickness, or other thickness as recommended by the roof membrane 

manufacturer's printed instructions. 

 

Allow the splice adhesive to set-up in accordance with membrane 

manufacturer's printed instructions. Perform manufacturer recommended 

field check to test for adhesive readiness prior to closing seam. Apply a 

1/8 inch to 1/4 inch bead of in-seam sealant approximately 1/2 inch from 

the inside edge of the lower membrane sheet prior to closing the seam. 

Ensure the in-seam sealant does not extend onto the splice adhesive. 

Maintain the full adhered seam width required. Roll the top membrane onto 

the mating surface. Roll the seam area with a 2 inch to 3 inch wide, 

smooth silicone or steel hand roller. A minimum of 2 hours after joining 
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sheets and when the lap edge is dry, clean the lap edge with membrane 

manufacturer's recommended cleaner and apply a 1/4 inch to 3/8 inch bead 

of lap sealant centered on the seam edge. With a feathering tool, 

immediately feather the lap sealant to completely cover the splice edge, 

leaving a mound of sealant over the seam edge. Apply lap sealant to all 

adhesive formed seams. 

 

]3.2.6 Perimeter Attachment 

 

Adhesive bond or mechanically secure roof membrane sheet at roof perimeter 

in a manner to comply with wind resistance requirements and in accordance 

with membrane manufacturer's printed application instructions. When 

adhesively bonding a mechanically fastened system in perimeter areas, the 

perimeter boundary of the adhesive bond must be the same as the boundary 

required for additional perimeter mechanical fastening to meet wind 

resistance requirements. 

 

3.2.7 Securement at Base Tie-In Conditions 

 

Mechanically fasten the roof membrane at penetrations, at base of curbs 

and walls, and at all locations where the membrane turns and angle greater 

than 4 degrees (1:12). Space fasteners a maximum of 12 inch on center, 

except where more frequent attachment is required to meet specified wind 

resistance or where recommended by the roof membrane manufacturer. Flash 

over fasteners with a fully adhered layer of material as recommended by 

the roof membrane manufacturer's printed data. 

 

3.3 FLASHINGS 

 

3.3.1 General 

 

Provide flashings in the angles formed at walls and other vertical 

surfaces and where required to make the work watertight, except where 

metal flashings are indicated. 

 

Provide a one-ply flashing membrane, as specified for the system used, and 

install immediately after the roofing membrane is placed and prior to 

finish coating where a finish coating is required. Flashings must be 

stepped where vertical surfaces abut sloped roof surfaces. Provide sheet 

metal reglet in which sheet metal cap flashings are installed of not more 

than 16 inch nor less than 8 inch above the roofing surfaces. Exposed 

joints and end laps of flashing membrane must be made and sealed in the 

manner required for roofing membrane. 

 

3.3.2 Membrane Flashing 

 

Install flashing and flashing accessories as the roof membrane is 

installed. Apply flashing to cleaned surfaces and as recommended by the 

roof membrane manufacturer and as specified. Utilize cured EPDM membrane 

flashing and prefabricated accessory flashings to the maximum extent 

recommended by the roof membrane manufacturer.  Limit uncured flashing 

material to reinforcing inside and outside corners and angle changes in 

plane of membrane, and to flashing scuppers, pourable sealer pockets, and 

other formed penetrations or unusually shaped conditions as recommended by 

the roof membrane manufacturer where the use of cured material is 

impractical. Extend base flashing not less than 8 inch above roofing 

surface and as necessary to provide for seaming overlap on roof membrane 

as recommended by the roof membrane manufacturer. 
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Seal flashing membrane for a minimum of 3 inch on each side of fastening 

device used to anchor roof membrane to nailers. Completely adhere 

flashing sheets in place. Seam flashing membrane in the same manner as 

roof membrane, except as otherwise recommended by the membrane 

manufacturer's printed instructions and approved by the Contracting 

Officer.  Reinforce all corners and angle transitions by applying uncured 

membrane to the area in accordance with roof membrane manufacturer 

recommendations.  Mechanically fasten top edge of base flashing with 

manufacturer recommended termination bar fastened at maximum 12 inch on 

center. Install sheet metal flashing over the termination bar in the 

completed work. Mechanically fasten top edge of base flashing for all 

other terminations in a manner recommended by the roof membrane 

manufacturer. Apply membrane liner over top of exposed nailers and 

blocking and to overlap top edge of base flashing installation at curbs, 

parapet walls, expansion joints and as otherwise indicated to serve as 

waterproof lining under sheet metal flashing components. 

 

[3.3.3 Flashing at Roof Drain 

 

Provide a tapered insulation sump into the drain bowl area. Do not exceed 

tapered slope of 18 degrees for unreinforced membrane and 5 degrees for 

reinforced membrane. Provide tapered insulation with surface suitable for 

adhering membrane in the drain sump area.  Avoid field seams running 

through or within 24 inch of roof drain, or as otherwise recommended by 

the roof membrane manufacturer. Adhere the membrane to the tapered in the 

drain sump area. Apply water block mastic and extend membrane sheets over 

edge of drain bowl opening at the roof drain deck flange in accordance 

with membrane manufacturer's printed application instructions. Ensure 

membrane is free of wrinkles and folds in the drain area. Securely clamp 

membrane in the flashing clamping ring. Ensure membrane is cut to within 

3/4 inch of inside rim of clamping ring to maintain drainage capacity. Do 

not cut back to bolt holes. Retrofit roof drains must conform to 

ANSI/SPRI RD-1. 

 

]3.3.4 PRE-FABRICATED CURBS 

 

Securely anchor prefabricated curbs to nailer or other base substrate and 

flashed with EPDM membrane flashing materials. 

 

3.3.5 Set-On Accessories 

 

Where pipe or conduit blocking, supports and similar roof accessories, or 

isolated paver block, are set on the membrane, adhere reinforced membrane 

or walkpad material, as recommended by the roof membrane manufacturer, to 

bottom of accessories prior to setting on roofing membrane. Install 

set-on accessories to permit normal movement due to expansion, 

contraction, vibration, and similar occurrences without damaging roofing 

membrane. Do not mechanically secure set-on accessories through roofing 

membrane into roof deck substrate. 

 

3.3.6 Lightning Protection 

 

Flash lightning protection system components or attach to the roof 

membrane in a manner acceptable to the roof membrane manufacturer. 

 

3.4 CORRECTION OF DEFICIENCIES 

 

Where any form of deficiency is found, take additional measures as deemed 

necessary by the Contracting Officer to determine the extent of the 
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deficiency and perform corrective actions as directed by the Contracting 

Officer. 

 

3.5 CLEAN UP 

 

Remove debris, scraps, containers and other rubbish and trash resulting 

from installation of the roofing system from job site each day. 

 

3.6 PROTECTION OF APPLIED ROOFING 

 

At the end of the day's work and when precipitation is imminent, protect 

applied membrane roofing system from water intrusion. 

 

3.6.1 Water Cutoffs 

 

Straighten insulation line using loose-laid cut insulation sheets and seal 

the terminated edge of the roof membrane system in an effective manner. 

Seal off flutes in metal decking along the cutoff edge. Remove the water 

cut-offs to expose the insulation when resuming work, and remove the 

insulation sheets used for fill-in. 

 

]3.6.2 Temporary Flashing for Permanent Roofing 

 

Provide temporary flashing at drains, curbs, walls and other penetrations 

and terminations of roofing sheets until permanent flashings can be 

applied. Remove temporary flashing before applying permanent flashing. 

 

3.6.3 Temporary Walkways, Runways, and Platforms 

 

Do not permit storing, walking, wheeling, and trucking directly on applied 

roofing materials. Provide temporary walkways, runways, and platforms of 

smooth clean boards, mats or planks as necessary to avoid damage to 

applied roofing materials, and to distribute weight to conform to live 

load limits of roof construction. Use rubber-tired equipment for roofing 

work. 

 

3.7 FIELD QUALITY CONTROL 

 

3.7.1 Construction Monitoring 

 

During progress of the roof work, Contractor must make visual inspections 

as necessary to ensure compliance with specified parameters. Additionally, 

verify the following: 

 

a. Equipment is in working order. Metering devices are accurate. 

 

b. Materials are not installed in adverse weather conditions. 

 

c. Substrates are in acceptable condition, in compliance with 

specification, prior to application of subsequent materials. 

 

Nailers and blocking are provided where and as needed. 

 

Insulation substrate is smooth, properly secured to its substrate, 

and without excessive gaps prior to membrane application. 

 

The proper number, type, and spacing of fasteners are installed. 

Materials comply with the specified requirements. 
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All materials are properly stored, handled and protected from 

moisture or other damages. Liquid components are properly mixed 

prior to application. 

 

Membrane is allowed to relax prior to seaming. Adhesives are 

applied uniformly to both mating surfaces and checked for proper 

set prior to bonding mating materials. Mechanical attachments are 

spaced as required[, including additional fastening of membrane in 

corner and perimeter areas as required.] 

 

Membrane is properly overlapped. 

 

Membrane seaming is as specified and seams are hand rolled to 

ensure full adhesion and bond width. In-seam sealant is applied 

when adhesive seams are used in the field of the roof. All seams 

are checked at the end of each work day. 

 

Applied membrane is inspected and repaired as necessary prior to 

ballast installation. 

 

Membrane is fully adhered without ridges, wrinkles, kinks, 

fishmouths. 

 

Installer adheres to specified and detailed application parameters. 

 

Associated flashings and sheet metal are installed in a timely 

manner in accord with the specified requirements. 

 

Ballast is within the specified weight range. 

 

Temporary protection measures are in place at the end of each work 

shift. 

 

3.7.2 Manufacturer's Inspection 

 

Manufacturer's technical representative must visit the site a minimum of 

three times once per week during the installation for purposes of 

reviewing materials installation practices and adequacy of work in place. 

Inspections must occur during the first 20 squares of membrane 

installation, at mid-point of the installation, and at substantial 

completion, at a minimum. Do not exceed additional inspections one for 

each 100 squares of total roof area with the exception that follow-up 

inspections of previously noted deficiencies or application errors must be 

performed as requested by the Contracting Officer. After each inspection, 

submit a report signed by the manufacturer's technical representative to 

the Contracting Officer within 3 working days. Note overall quality of 

work, deficiencies and any other concerns, and recommended corrective 

action. 

 

3.7.3 Roof Drain Test 

 

After completing roofing but prior to Government acceptance, perform the 

following test for watertightness. Plug roof drains and fill with water 

to edge of drain sump for 8 hours. Retrofit roof drains must conform to 

ANSI/SPRI RD-1. Do not plug secondary overflow drains at the same time as 

adjacent primary drain. To ensure some drainage from roof, do not test 

all drains at same time.  Measure water at beginning and end of the test 

period. When precipitation occurs during test period, repeat test. When 
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water level falls, remove water, thoroughly dry, and inspect installation; 

repair or replace roofing at drain to provide for a properly installed 

watertight flashing seal. Repeat test until there is no water leakage. 

 

3.8 INSTRUCTIONS TO GOVERNMENT PERSONNEL 

 

Furnish written and verbal instructions on proper maintenance procedures 

to designated Government personnel. Furnish instructions by a competent 

representative of the roof membrane manufacturer and include a minimum of 

4 hours on maintenance and emergency repair of the membrane. Include a 

demonstration of membrane repair, and give sources of required special 

tools. Furnish information on safety requirements during maintenance and 

emergency repair operations. 

 

3.9 INFORMATION CARD 

 

For each roof, furnish a typewritten information card for facility records 

anda photoengraved 0.032 inch thick aluminum card for exterior display. 

Card must be 8-1/2 by 11 inch minimum, identifying facility name and 

number; location; contract number; approximate roof area; detailed roof 

system description, including deck type, membrane, number of plies, method 

of application, manufacturer, insulation and cover board system and 

thickness; presence of tapered insulation for primary drainage, presence 

of vapor retarder; date of completion; installing contractor 

identification and contact information; membrane manufacturer warranty 

expiration, warranty reference number, and contact information. Install 

card at roof top or access location as directed by the Contracting Officer 

and provide a paper copy to the Contracting Officer. 

 

-- End of Section -- 
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SECTION 07 60 00 

 

FLASHING AND SHEET METAL 

05/17 
 

PART 1 GENERAL 

 

1.1 REFERENCES 
 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 

ENGINEERS (ASHRAE) 

 

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 

Except Low-Rise Residential Buildings 

 

ASHRAE 189.1 (2014) Standard for the Design of 
High-Performance Green Buildings Except 

Low-Rise Residential Buildings 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM A653/A653M (2019) Standard Specification for Steel 

Sheet, Zinc-Coated (Galvanized) or 

Zinc-Iron Alloy-Coated (Galvannealed) by 

the Hot-Dip Process 

 

ASTM B32 (2008; R 2014) Standard Specification for 

Solder Metal 

 

ASTM B221 (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Extruded Bars, Rods, 

Wire, Profiles, and Tubes 

 

ASTM C1549 (2016) Standard Test Method for 

Determination of Solar Reflectance Near 

Ambient Temperature Using a Portable Solar 

Reflectometer 

 

ASTM D41/D41M (2011; R 2016) Standard Specification for 

Asphalt Primer Used in Roofing, 

Dampproofing, and Waterproofing 

 

ASTM D226/D226M (2017) Standard Specification for 

Asphalt-Saturated Organic Felt Used in 

Roofing and Waterproofing 

 

ASTM D1784 (2011) Standard Specification for Rigid 

Poly(Vinyl Chloride) (PVC) Compounds and 

Chlorinated Poly(Vinyl Chloride) (CPVC) 

Compounds 

 

ASTM D4586/D4586M (2007; E 2012; R 2012) Asphalt Roof 

Cement, Asbestos-Free 
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ASTM E408 (2013) Standard Test Methods for Total 

Normal Emittance of Surfaces Using 

Inspection-Meter Techniques 

 

ASTM E971 (2011) Standard Practice for Calculation 

of Photometric Transmittance and 

Reflectance of Materials to Solar Radiation 
 

ASTM E1918 (2016) Standard Test Method for Measuring 

Solar Reflectance of Horizontal and 

Low-Sloped Surfaces in the Field 
 

ASTM E1980 (2011) Standard Practice for Calculating 

Solar Reflectance Index of Horizontal and 

Low-Sloped Opaque Surfaces 

 

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 

(SMACNA) 

 

SMACNA 1793 (2012) Architectural Sheet Metal Manual, 

7th Edition 

 

SINGLE PLY ROOFING INDUSTRY (SPRI) 

 

ANSI/SPRI RD-1 (2014) Performance Standard for Retrofit 

Drains 

 

1.2 GENERAL REQUIREMENTS 

 

Finished sheet metal assemblies must form a weathertight enclosure without 

waves, warps, buckles, fastening stresses or distortion, while allowing 

for expansion and contraction without damage to the system. The sheet 

metal installer is responsible for cutting, fitting, drilling, and other 

operations in connection with sheet metal modifications required to 

accommodate the work of other trades. Coordinate installation of sheet 

metal items used in conjunction with roofing with roofing work to permit 

continuous, uninterrupted roofing operations. 

 

1.3 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

 

Exposed Sheet Metal Coverings; G 

Gutters; G 

Downspouts; G 

Expansion Joints; G 
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Gravel Stops and fascia; G 

Splash Pans; G 

Flashing for Roof Drains; G 

Base Flashing; G 

Counterflashing; G 

Flashing at Roof Penetrations and Equipment Supports; G 

Reglets; G 

Scuppers; G 

Copings; G 

Drip Edges; G 

Conductor Heads; G 

Open Valley Flashing; G 

Eave Flashing; G 

Recycled Content; S 

SD-03 Product Data 

Cool Roof Data; G 

SD-04 Samples 
 

Finish Samples; G 

 

SD-08 Manufacturer's Instructions 

Instructions for Installation; G 

Quality Control Plan; G 

SD-10 Operation and Maintenance Data 

Cleaning and Maintenance; G 

1.4 MISCELLANEOUS REQUIREMENTS 

 

1.4.1 Product Data 

 

Indicate thicknesses, dimensions, fastenings, anchoring methods, expansion 

joints, and other provisions necessary for thermal expansion and 

contraction. Scaled manufacturer's catalog data may be submitted for 

factory fabricated items. 

 

1.4.2 Finish Samples 

 

Submit two color charts and two finish sample chips from manufacturer's 

standard color and finish options for each type of finish indicated. 
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1.4.3 Operation and Maintenance Data 

 

Submit detailed instructions for installation and quality control during 

installation, cleaning and maintenance, for each type of assembly 

indicated. 

 

1.5 DELIVERY, HANDLING, AND STORAGE 

 

Package and protect materials during shipment. Uncrate and inspect 

materials for damage, dampness, and wet-storage stains upon delivery to 

the job site. Remove from the site and replace damaged materials that 

cannot be restored to like-new condition. Handle sheet metal items to 

avoid damage to surfaces, edges, and ends.  Store materials in dry, 

weather-tight, ventilated areas until installation. 

 

PART 2 PRODUCTS 

 

2.1 RECYCLED CONTENT 

 

Provide products with recycled content. Provide data for each product 

with recycled content, identifying percentage of recycled content. 

 

2.2 MATERIALS 

 

Do not use lead, lead-coated metal, or galvanized steel. Use any metal 

listed by SMACNA 1793 for a particular item, unless otherwise indicated. 

Provide materials, thicknesses, and configurations in accordance with 

SMACNA 1793 for each material. Different items need not be of the same 

metal, except that contact between dissimilar metals must be avoided. 

 

Furnish sheet metal items in 8 to 10 foot lengths. Single pieces less than 
8 feet long may be used to connect to factory-fabricated inside and 

outside corners, and at ends of runs. Factory fabricate corner pieces 

with minimum 12 inch legs. Provide accessories and other items essential 

to complete the sheet metal installation. Provide accessories made of the 

same or compatible materials as the items to which they are applied. 

Fabricate sheet metal items of the materials specified below and to the 

gage, thickness, or weight shown in Table I at the end of this section. 

Provide sheet metal items with mill finish unless specified otherwise. 

Where more than one material is listed for a particular item in Table I, 

each is acceptable and may be used, except as follows: 
 

2.2.1 Exposed Sheet Metal Items 

 

Must be of the same material. Consider the following as exposed sheet 

metal: gutters, including hangers; downspouts; gravel stops and fascia; 

cap, valley, steeped, base, and eave flashings and related accessories. 

 

2.2.2 Drainage 

 

Do not use copper for an exposed item if drainage from that item will pass 

over exposed masonry, stonework or other metal surfaces. In addition to 

the metals listed in Table I, lead-coated copper may be used for such 

items. 

 

2.2.3 Steel Sheet, Zinc-Coated (Galvanized) 

Provide in accordance with ASTM A653/A653M. 
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2.2.4 Finishes 

 

Provide exposed exterior sheet metal and aluminum with a baked on, factory 

applied color coating of polyvinylidene fluoride (PVF2) or approved equal 

fluorocarbon coating. Dry film thickness of coatings must be 0.8 to 1.3 

mils. Color to be selected from as indicated on the Drawings. Field 

applications of color coatings are prohibited and will be rejected. 

 

2.2.5 Cool Roof Finishes 

 

2.2.5.1 ASHRAE 189.1 Compliance 

 

Provide roof finishes having a minimum initial Solar Reflectance Index of 
29 for steep slope roofs with a greater than 2:12 pitch when tested in 

accordance with ASTM E971, to comply with ASHRAE 189.1. 

 

2.2.5.2 ASHRAE 90.1 Compliance 

 

Provide roof finishes having a minimum 3-year aged solar reflectance of 
0.55 when tested in accordance with ASTM C1549 or ASTM E1918, and a 

minimum 3-year aged thermal emittance of 0.75 when tested in accordance 

with ASTM E971 or ASTM E408, or, a minimum 3-year aged Solar Reflectance 

Index of 64 when determined in accordance with the Solar Reflectance Index 

method in ASTM E1980 using a convection coefficient of 2.1 BTU per h ft2, 

to comply with ASHRAE 90.1 - IP. 
 

2.2.6 Aluminum Alloy, Extruded Bars, Rods, Shapes, and Tubes 

ASTM B221. 

2.2.7 Solder 

 

Provide in accordance with ASTM B32, 95-5 tin-antimony. 

 

2.2.8 Reglets 

 

2.2.8.1 Polyvinyl Chloride Reglets 

 

Provide in accordance with ASTM D1784, Type II, Grade 1, Class 14333-D, 

0.075 inch minimum thickness. 
 

2.2.8.2 Metal Reglets 

 

Provide factory fabricated caulked type or friction type reglets with a 

minimum opening of 1/4 inch and a depth of 1-1/4 inch, as approved. 

 

2.2.8.2.1 Caulked Reglets 

 

Provide with rounded edges, temporary reinforcing cores, and accessories 

as required for securing to adjacent construction. Provide built-up 

mitered corner pieces for inside and outside corners. 

 

2.2.8.2.2 Friction Reglets 

 

Provide with flashing receiving slots not less than 5/8 inch deep, one inch 

jointing tongues, and upper and lower anchoring flanges installed at 24 

inch maximum snap-lock type receiver. 
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2.2.9 Conductor Heads 

 

Provide conductor heads and screens in the same material as downspouts. 

Provide outlet tubes not less than 4 inches long. 

 

2.2.10 Splash Pans 

 

Provide splash pans where downspouts discharge onto roof surfaces and at 

locations indicated. Unless otherwise indicated, provide pans not less 

than24 inches long by 18 inches wide with metal ribs across bottoms of 

pans. Provide sides of pans with vertical baffles not less than one inch 

high in the front, and 4 inches high in the back. 

 

2.2.11 Copings 

 

Unless otherwise indicated, provide copings in copper sheets, 8 or 10 feet 

long, joined by a 3/4 inch locked and soldered seam. 

 

2.2.12 Bituminous Plastic Cement 

 

Provide in accordance with ASTM D4586/D4586M, Type I. 

 

2.2.13 Roofing Felt 

 

Provide in accordance with ASTM D226/D226M Type I. 

 

2.2.14 Asphalt Primer 

 

Provide in accordance with ASTM D41/D41M. 

 

2.2.15 Fasteners 

 

Use the same metal as, or a metal compatible with the item fastened. Use 

stainless steel fasteners to fasten. Confirm compatibility of fasteners 

and items to be fastened to avoid galvanic corrosion due to dissimilar 

materials. 

 

PART 3 EXECUTION 

 

3.1 INSTALLATION 

 

3.1.1 Metal Roofing 

 

3.1.1.1 Flat-seam Method 

 

Lay metal so short dimension is parallel to gutter or eave lines and so 

water will flow over and not into seams.  Make seams by turning edges of 

sheet 3/4 inch and lock and solder together. If sheets are laid one at a 

time, secure to roof deck with cleats, using three cleats to each sheet, 

two on long side and one on short side. Use cleats 2 inches wide, hooked 

over 3/4 inch upturned edges of sheets, and nail to roof deck with two one 

inch long nails. Turn back roof end of cleat over nail heads before next 
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sheet is applied. If desired, sheets may be made into long lengths at 

shop by locking short dimensions together and soldering seams thus 

formed. Turn long lengths 3/4 inch, and secure each length to roof deck 

by cleats spaced 12 inches apart. Mallet and solder seams after pans are 

in place.  All sheets to be same length, except as required to complete 

run or maintain pattern. Locate transverse joints of each panel half way 

between joints in adjacent sheets.  Align joints of alternate sheets 

horizontally to produce uniform pattern, as shown in SMACNA 1793. 
 

3.1.2 Workmanship 

 

Make lines and angles sharp and true.Free exposed surfaces from visible 

wave, warp, buckle, and tool marks. Fold back exposed edges neatly to 

form a 1/2 inch hem on the concealed side. Make sheet metal exposed to 

the weather watertight with provisions for expansion and contraction. 

 

Make surfaces to receive sheet metal plumb and true, clean, even, smooth, 

dry, and free of defects and projections. For installation of items not 

shown in detail or not covered by specifications conform to the applicable 

requirements of SMACNA 1793, Architectural Sheet Metal Manual. Provide 

sheet metal flashing in the angles formed where roof decks abut walls, 

curbs, ventilators, pipes, or other vertical surfaces and wherever 

indicated and necessary to make the work watertight. Join sheet metal 

items together as shown in Table II. 

 

3.1.3 Nailing 

 

Confine nailing of sheet metal generally to sheet metal having a maximum 

width of 18 inches. Confine nailing of flashing to one edge only. Space 

nails evenly not over 3 inch on center and approximately 1/2 inch from 

edge unless otherwise specified or indicated. Face nailing will not be 

permitted. Where sheet metal is applied to other than wood surfaces, 

include in shop drawings, the locations for sleepers and nailing strips 

required to secure the work. Secure flashing at one-half the normal 

interval to ensure a wind-resistant installation. 

 

3.1.4 Cleats 

 

Provide cleats for sheet metal 18 inches and over in width. Space cleats 

evenly not over 12 inches on center unless otherwise specified or 

indicated. Unless otherwise specified, provide cleats of 2 inches wide by 

3 inches long and of the same material and thickness as the sheet metal 

being installed. Secure one end of the cleat with two nails and the cleat 

folded back over the nailheads. Lock the other end into the seam. 

Pre-tin cleats for soldered seams. 
 

3.1.5 Bolts, Rivets, and Screws 

 

Install bolts, rivets, and screws where indicated or required. Provide 

compatible washers where required to protect surface of sheet metal and to 

provide a watertight connection. Provide mechanically formed joints in 

aluminum sheets 0.040 inches or less in thickness. 

 

3.1.6 Seams 

 

Straight and uniform in width and height with no solder showing on the 

face. 
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3.1.6.1 Flat-lock Seams 

 

Finish not less than 3/4 inch wide. 

 

3.1.6.2 Lap Seams 

 

Finish soldered seams not less than one inch wide. Overlap seams not 

soldered, not less than 3 inches. 

 

3.1.6.3 Loose-Lock Expansion Seams 

 

Not less than 3 inches wide; provide minimum one inch movement within the 

joint. Completely fill the joints with the specified sealant, applied at 

not less than 1/8 inch thick bed. 

 

3.1.6.4 Standing Seams 

 

Not less than one inch high, double locked without solder. 

 

3.1.6.5 Flat Seams 

 

Make seams in the direction of the flow. 

 

3.1.7 Soldering 

 

Where soldering is specified, apply to copper, terne-coated stainless 

steel, zinc-coated steel, and stainless steel items. Pre-tin edges of 

sheet metal before soldering is begun. Seal the joints in aluminum sheets 

of 0.040 inch or less in thickness with specified sealants. Do not 

solder aluminum. 

 

3.1.7.1 Edges 

 

Scrape or wire-brush the edges of lead-coated material to be soldered to 

produce a bright surface. Flux brush the seams in before soldering. 

Treat with soldering acid flux the edges of stainless steel to be 
pre-tinned. Seal the joints in aluminum sheets of 0.040 inch or less in 

thickness with specified sealants. Do not solder aluminum. 

 

3.1.8 Welding and Mechanical Fastening 

 

Use welding for aluminum of thickness greater than 0.040 inch. Aluminum 
0.040 inch or less in thickness must be butted and the space backed with 

formed flashing plate; or lock joined, mechanically fastened, and filled 

with sealant as recommended by the aluminum manufacturer. 
 

3.1.9 Protection from Contact with Dissimilar Materials 

 

3.1.9.1 Metal Surfaces 

 

Paint surfaces in contact with mortar, concrete, or other masonry 

materials with alkali-resistant coatings such as heavy-bodied bituminous 

paint. 

 

3.1.9.2 Wood or Other Absorptive Materials 

 

Paint surfaces that may become repeatedly wet and in contact with metal 

with two coats of aluminum paint or a coat of heavy-bodied bituminous 

paint. 
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3.1.10 Expansion and Contraction 

 

Provide expansion and contraction joints at not more than 32 foot 

intervals for aluminum and at not more than 40 foot intervals for other 

metals. Provide an additional joint where the distance between the last 

expansion joint and the end of the continuous run is more than half the 

required interval. Space joints evenly. Join extruded aluminum gravel 

stops and fascia by expansion and contraction joints spaced not more than 

12 feet apart. 
 

3.1.11 Base Flashing 

 

Extend up vertical surfaces of the flashing not less than 8 inches and not 

less than 4 inches under the roof covering. Where finish wall coverings 

form a counterflashing, extend the vertical leg of the flashing up behind 

the applied wall covering not less than 6 inches. Overlap the flashing 

strips with the previously laid flashing not less than 3 inches. Fasten 

the strips at their upper edge to the deck.  Horizontal flashing at 

vertical surfaces must extend vertically above the roof surface and 

fastened at their upper edge to the deck a minimum of 6 inches on center 

with hex headed, galvanized shielded screws a minimum of 2 inch lap of 

any surface. Solder end laps and provide for expansion and contraction. 

Extend the metal flashing over crickets at the up-slope side of curbs, and 

similar vertical surfaces extending through sloping roofs, the metal 

flashings. Extend the metal flashings onto the roof covering not less than 

4.5 inches at the lower side of vertical surfaces extending through the 

roof decks. Install and fit the flashings so as to be completely 

weathertight. Provide factory-fabricated base flashing for interior and 

exterior corners. Do not use metal base flashing on built-up roofing. 

 

3.1.12 Counterflashing 

 

Except where indicated or specified otherwise, insert counterflashing in 

reglets located from 9 to 10 inches above roof decks, extend down vertical 

surfaces over upturned vertical leg of base flashings not less than 3 

inches. Fold the exposed edges of counterflashings 1/2 inch. Where 

stepped counterflashings are required, they may be installed in short 

lengths a minimum 8 inches by 8 inches or may be of the preformed single 

piece type.  Provide end laps in counterflashings not less than 3 inches 

and make it weathertight with plastic cement. Do not make lengths of 

metal counterflashings exceed 10 feet. Form flashings to the required 

shapes before installation. Factory form corners not less than12 inches 

from the angle. Secure the flashings in the reglets with lead wedges and 

space not more than 18 inches apart; on short runs, place wedges closer 

together.  Fill caulked-type reglets or raked joints which receive 

counterflashing with caulking compound.  Turn up the concealed edge of 

counterflashings built into masonry or concrete walls not less than 1/4 

inch and extend not less than 2 inches into the walls. Install 

counterflashing to provide a spring action against base flashing. 
 

3.1.13 Metal Reglets 

 

Keep temporary cores in place during installation. Ensure factory 

fabricated caulked type or friction type, reglets have a minimum opening of 

1/4 inch and a minimum depth of 1-1/4 inch, when installed. 
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3.1.13.1 Caulked Reglets 

 

Wedge flashing in reglets with lead wedges every 18 inches, caulked full 

and solid with an approved compound. 

 

3.1.13.2 Friction Reglets 

 

Install flashing snap lock receivers at 24 inches on center maximum. When 

flashing has been inserted the full depth of the slot, caulk the slot, 

lock [with wedges], and fill with sealant. 

 

3.1.14 Polyvinyl Chloride Reglets for Temporary Construction 

 

Rigid polyvinyl chloride reglets may be provided in lieu of metal reglets 

for temporary construction. 

 

3.1.15 Gravel Stops and fascia 

 

Prefabricate in the shapes and sizes indicated and in lengths not less than 
8 feet. Extend flange at least 4 inches onto roofing. Provide 

prefabricated, mitered corners internal and external corners. Install 

gravel stops and fascia after all plies of the roofing membrane have been 

applied, but before the flood coat of bitumen is applied.  Prime roof 

flange of gravel stops and fascia on both sides with an asphalt primer. 

After primer has dried, set flange on roofing membrane and strip-in. Nail 

flange securely to wood nailer with large-head, barbed-shank roofing nails 

1.5 inch long spaced not more than 3 inches on center, in two staggered 

rows. 

 

3.1.15.1 Edge Strip 

 

Hook the lower edge of fascia at least 3/4 inch over a continuous strip of 

the same material bent outward at an angle not more than 45 degrees to 

form a drip. Nail hook strip to a wood nailer at 6 inches maximum on 

center. Where fastening is made to concrete or masonry, use screws spaced 

12 inches on center driven in expansion shields set in the concrete or 

masonry. Where horizontal wood nailers are slotted to provide for 

insulation venting, install strips to prevent obstruction of vent slots. 

Where necessary, install strips over 1/16 inch thick compatible spacer or 

washers. 
 

3.1.15.2 Joints 

 

Leave open the section ends of gravel stops and fascia 1/4 inch and backed 

with a formed flashing plate, mechanically fastened in place and lapping 

each section end a minimum of 4 inches set laps in plastic cement. Face 

nailing will not be permitted. Install prefabricated aluminum gravel 

stops and fascia in accordance with the manufacturer's printed 

instructions and details. 
 

3.1.16 Metal Drip Edges 

 

Provide a metal drip edge, designed to allow water run-off to drip free of 

underlying construction, at eaves and rakes prior to the application of 

roofing shingles. Apply directly on the wood deck at the eaves and over 

the underlay along the rakes. Extend back from the edge of the deck not 

more than 3 inches and secure with compatible nails spaced not more than 

10 inches on center along upper edge. 
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3.1.17 Gutters 

 

The hung type of shape indicated and supported on underside by brackets 

that permit free thermal movement of the gutter. Provide gutters in sizes 

indicated complete with mitered corners, end caps, outlets, brackets, and 

other accessories necessary for installation. Bead with hemmed edge or 

reinforce the outer edge of gutter with a stiffening bar not less than 3/4 

by 3/16 inch of material compatible with gutter. Fabricate gutters in 

sections not less than 8 feet. Lap the sections a minimum of one inch in 

the direction of flow or provide with concealed splice plate 6 inches 

minimum.  Join the gutters, other than aluminum, by riveted and soldered 

joints. Join aluminum gutters with riveted sealed joints. Provide 

expansion-type slip joints midway between outlets.  Install gutters below 

slope line of the roof so that snow and ice can slide clear.   Support 

gutters on by continuous cleats.  Adjust gutters to slope uniformly to 

outlets, with high points occurring midway between outlets.  Fabricate 

hangers and fastenings from compatible metals. 
 

3.1.18 Downspouts 

 

Space supports for downspouts according to the manufacturer's 

recommendation for the wood or steel substrate. Types, shapes and sizes 

are indicated. Provide complete including elbows and offsets. Provide 

downspouts in approximately 10 foot lengths. Provide end joints to 

telescope not less than 1/2 inch and lock longitudinal joints. Provide 

gutter outlets with wire ball strainers for each outlet. Provide 

strainers to fit tightly into outlets and be of the same material used for 

gutters. Keep downspouts not less than one inch away from walls. Fasten 

to the walls at top, bottom, and at an intermediate point not to exceed 5 

feet on center with leader straps or concealed rack-and-pin type 

fasteners.  Form straps and fasteners of metal compatible with the 

downspouts. 
 

3.1.18.1 Terminations 

 

Neatly fit into the drainage connection the downspouts terminating in 

drainage lines and fill the joints with a portland cement mortar cap 

sloped away from the downspout. Provide downspouts terminating in splash 

blocks with elbow-type fittings.  Provide splash pans as specified. 

 

3.1.19 Flashing for Roof Drains 

 

Provide a 30 inches square sheet indicated. Taper insulation to drain from 
24 inches out. Set flashing on finished felts in a full bed of asphalt 

roof cement, ASTM D4586/D4586M. Heavily coat the drain flashing ring with 

asphalt roof cement. Clamp the roof membrane, flashing sheet, and 

stripping felt in the drain clamping ring. Secure clamps so that felts 

and drain flashing are free of wrinkles and folds. Retrofit roof drains 

must conform to ANSI/SPRI RD-1. 

 
 

3.1.20 Conductor Heads 

 

Set the depth of the top opening equal to two-thirds of the width or the 

conductor head. Flat-lock solder seams. Where conductor heads are used 

in conjunction with scuppers, set the conductor a minimum of 2 inches 

wider than the scupper. Attach conductor heads to the wall with masonry 

fasteners. Securely fasten screens to heads. 

 

3.1.21 Splash Pans 
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Install splash pans lapped with horizontal roof flanges not less than 4 

inches wide to form a continuous surface. Bend the rear flange of the pan 

to contour of can't strip and extend up 6 inches under the side wall 

covering or to height of base flashing under counterflashing. Bed the 

pans and roof flanges in plastic bituminous cement and strip-flash as 

specified. 

 

3.1.22 Open Valley Flashing 

 

Provide valley flashing free of longitudinal seams, of width sufficient to 

extend not less than 6 inches under the roof covering on each side. 

Provide a 1/2 inch fold on each side of the valley flashing. Lap the 

sheets not less than 6 inches in the direction of flow and secure to 

roofing construction with cleats attached to the fold on each side. Nail 

the tops of sheets to roof sheathing. Space the cleats not more than 12 

inches on center. Provide exposed flashing not less than 4 inches in 

width at the top and increase one inch in width for each additional 8 feet 

in length. Where the slope of the valley is 4.5 inches or less per foot, 

or the intersecting roofs are on different slopes, provide an inverted 

V-joint, one inch high, along the centerline of the valley; and extend the 

edge of the valley sheets 8 inches under the roof covering on each side. 

 

 

3.1.23 Eave Flashing 

 

One piece in width, applied in 8 to 10 foot lengths with expansion joints 

spaced as specified in paragraph EXPANSION AND CONTRACTION. Provide a 3/4 

inch continuous fold in the upper edge of the sheet to engage cleats 

spaced not more than 10 inches on center. Locate the upper edge of 

flashing not less than 18 inches from the outside face of the building, 

measured along the roof slope. Fold lower edge of the flashing over and 

loose-lock into a continuous edge strip on the fascia. Where eave 

flashing intersects metal valley flashing, secure with one inch flat 

locked joints with cleats that are 10 inches on center. 

3.1.24 Sheet Metal Covering on Flat, Sloped, or Curved Surfaces 

Except as specified or indicated otherwise, cover and flash all minor 

flat, sloped, or curved surfaces such as crickets, bulkheads, dormers and 
small decks with metal sheets of the material used for flashing; maximum 

size of sheets, 16 by 18 inches.  Fasten sheets to sheathing with metal 

cleats. Lock seams and solder. Lock aluminum seams as recommended by 

aluminum manufacturer. Provide an underlayment of roofing felt for all 

sheet metal covering. 
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3.1.25 Flashing at Roof Penetrations and Equipment Supports 

 

Provide metal flashing for all pipes, ducts, and conduits projecting 

through the roof surface and for equipment supports, guy wire anchors, and 

similar items supported by or attached to the roof deck. 
 

3.1.26 Single Pipe Vents 

 

See Table I, footnote (d). Set flange of sleeve in bituminous plastic 

cement and nail 3 inches on center. Bend the top of sleeve over and 

extend down into the vent pipe a minimum of 2 inches. For long runs or 

long rises above the deck, where it is impractical to cover the vent pipe 

with lead, use a two-piece formed metal housing. Set metal housing with a 

metal sleeve having a 4 inches roof flange in bituminous plastic cement 

and nailed3 inches on center. Extend sleeve a minimum of 8 inches above 

the roof deck and lapped a minimum of 3 inches by a metal hood secured to 

the vent pipe by a draw band. Seal the area of hood in contact with vent 

pipe with an approved sealant. 
 

3.1.27 Stepped Flashing 

 

Provide stepped flashing where sloping roofs surfaced with shingles abut 

vertical surfaces. Place separate pieces of base flashing in alternate 

shingle courses. 

 

3.1.28 Copings 

 

Provide coping with locked and soldered seam. Terminate outer edges in 

edge strips. Install with sealed cover plate joints as indicated. 

 

3.2 PAINTING 

 

Touch ups in the field may be applied only after metal substrates have 

been cleaned and pretreated in accordance with manufacturer's written 

instructions and products. 

 

Field-paint sheet metal for separation of dissimilar materials. 

 

3.3 CLEANING 

 

Clean exposed sheet metal work at completion of installation. Remove 

grease and oil films, handling marks, contamination from steel wool, 

fittings and drilling debris, and scrub-clean. Free the exposed metal 

surfaces of dents, creases, waves, scratch marks, and solder or weld marks. 

 

3.4 REPAIRS TO FINISH 

 

Scratches, abrasions, and minor surface defects of finish may be repaired 

in accordance with the manufacturer's printed instructions and as 

approved. Repair damaged surfaces caused by scratches, blemishes, and 

variations of color and surface texture. Replace items which cannot be 

repaired. 

 

3.5 FIELD QUALITY CONTROL 

 

Establish and maintain a Quality Control Plan for sheet metal used in 

conjunction with roofing to assure compliance of the installed sheet 

metalwork with the contract requirements. Remove work that is not in 
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compliance with the contract and replace or correct. Include quality 

control, but not be limited to, the following: 

 

a. Observation of environmental conditions; number and skill level of 

sheet metal workers; condition of substrate. 

 

b. Verification that specified material is provided and installed. 

 

c. Inspection of sheet metalwork, for proper size(s) and thickness(es), 

fastening and joining, and proper installation. 

 

3.5.1 Procedure 

 

Submit for approval prior to start of roofing work. Include a checklist 

of points to be observed. Document the actual quality control 

observations and inspections. Furnish a copy of the documentation to the 

Contracting Officer at the end of each day. 

 

 

TABLE I. SHEET METAL WEIGHTS, THICKNESSES, AND GAGES 

Sheet Metal Items [Copper 

kilograms 

per 

square 

foot] 

[Aluminum, 

inch] 

[Stainless 

Steel, inch]

[Terne-Coated 

Stainless 

Steel, inch] 

[Zinc-Coated 

Steel, U.S. 

Std. Gage] 

[Building Expansion Joints] 

[Cover] 16 .032 .015 .015 24 

[Waterstop-bellows 

or flanged, 

U-type.] 

16 - .015 .015 - 

[Covering on 

minor flat, 

pitched or curved 

surfaces] 

20 .040 .018 .018 - 

[Downspouts and 

leaders] 

16 .032 .015 .015 24 

[Downspout clips 

and anchors] 

- .040 clip 

.125 anchor

- - - 

[Downspout straps, 

2-inch] 
48 (a) .060 .050 - - 

[Conductor heads] 16 .032 .015 .015 - 

[Scupper lining] 20 .032 .015 .015 - 
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TABLE I. SHEET METAL WEIGHTS, THICKNESSES, AND GAGES 

Sheet Metal Items [Copper 

kilograms 

per 

square 

foot] 

[Aluminum, 

inch] 

[Stainless 

Steel, inch]

[Terne-Coated 

Stainless 

Steel, inch] 

[Zinc-Coated 

Steel, U.S. 

Std. Gage] 

[Strainers, wire 

diameter or gage] 

No. 9 gage .144 

diameter 

.109 

diameter 

-  

[Flashings:] 

[Base] 20 .040 .018 .018 24 

[Cap 

(Counter-flashing)]

16 .032 .015 .015 26 

[Eave] 16 - .015 .015 24 

[Spandrel beam] 10 - .010 .010 - 

[Bond barrier] 16 - .015 .015 - 

[Stepped] 16 .032 .015 .015 - 

[Valley] 16 .032 .015 .015 - 

[Roof drain] 16 (b)     

[Pipe vent sleave (d)] 

[Coping] 16 - - - - 

[Gravel stops and fascia:] 

[Extrusions] - .075 - - - 

[Sheets, 

corrugated] 
16 .032 .015 .015 - 

[Sheets, smooth] 20 .050 .018 .018 24 

[Edge strip] 24 .050 .025 - - 

[Gutters:] 

[Gutter section] 16 .032 .015 .015 24 

[Continuous cleat] 16 .032 .015 .015 24 

[Hangers, 

dimensions] 

1 inch by 

1/8 inch 

(a) 

1 inch by . 

inch (c) 

1 inch by .0 

inch 

- - 
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TABLE I. SHEET METAL WEIGHTS, THICKNESSES, AND GAGES 

Sheet Metal Items [Copper 

kilograms 

per 

square 

foot] 

[Aluminum, 

inch] 

[Stainless 

Steel, inch]

[Terne-Coated 

Stainless 

Steel, inch] 

[Zinc-Coated 

Steel, U.S. 

Std. Gage] 

[Joint Cover 

plates (See Table 

II)] 

16 .032 .015 .015 24 

[Reglets (c)] 10 - .010 .010 - 

[Splash pans] 16 .040 .018 .018 - 

(a) Brass. 

(b) May be lead weighing 4 pounds per square foot. 

(c) May be polyvinyl chloride. 

(d) 2.5 pound minimum lead sleeve with 4 inch flange. Where lead sleeve is 

impractical, refer to paragraph SINGLE PIPE VENTS for optional material. 

 

 

TABLE II. SHEET METAL JOINTS 

TYPE OF JOINT 

Item Designation Copper, Terne-Coated 

Stainless Steel, 

Zinc-Coated Steel and 

Stainless Steel 

Aluminum Remarks 

Joint cap for 

building expansion 

seam, cleated 

joint at roof 

1.25 inch single 

lock, standing seam, 

cleated 

1.25 inch single 

lock, standing 
-- 

Flashings 
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TABLE II. SHEET METAL JOINTS 

TYPE OF JOINT 

Item Designation Copper, Terne-Coated 

Stainless Steel, 

Zinc-Coated Steel and 

Stainless Steel 

Aluminum Remarks 

Base One inch 
3 inch lap for 

expansion joint 

One inch flat 

locked, soldered; 

sealed; 3 inch lap 

for expansion joint 

Aluminum 

manufacturer's 

recommended hard 

setting sealant for 

locked aluminum 

joints. Fill each 

metal expansion 

joint with a joint 

sealing compound. 

Cap-in reglet 3 inch lap 3 inch lap Seal groove with 

joint sealing 

compound. 

Reglets Butt joint -- Seal reglet groove 

with joint sealing 

compound. 

Eave One inch flat locked, 

cleated. One inch 

loose locked, sealed 

expansion joint, 

cleated. 

One inch flat 

locked, locked, 

cleated one inch 

loose locked, 

sealed expansion 

joints, cleated 

Same as base 

flashing. 

Stepped 3 inch lap 3 inch lap -- 

Valley 6 inch lap cleated 6 inch lap cleated -- 

Edge strip Butt Butt -- 

Gravel stops: 

Extrusions -- Butt with 1/2 inch 

space 

Use sheet flashing 

beneath and a cover 

plate 

Sheet, smooth Butt with 1/4 inch 

space 

Butt with 1/4 inch 

space 

Use sheet flashing 

backup plate. 
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TABLE II. SHEET METAL JOINTS 

TYPE OF JOINT 

Item Designation Copper, Terne-Coated 

Stainless Steel, 

Zinc-Coated Steel and 

Stainless Steel 

Aluminum Remarks 

Sheet, corrugated Butt with 1/4 inch 

space 

Butt with 1/4 inch 

space 

Use sheet flashing 

beneath and a cover 

plate or a 

combination unit 

Gutters 1.5 inch lap, riveted 

and soldered 

One inch flat 

locked riveted and 

sealed 

Aluminum producers 

recommended hard 

setting sealant for 

locked aluminum 

joints. 

(a) Provide a 3 inch lap elastomeric flashing with manufacturer's recommended 

sealant. 

(b) Seal Polyvinyl chloride reglet with manufacturer's recommended sealant. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

SECTION 07 61 14.00 20 

 

STEEL STANDING SEAM ROOFING 

08/16 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN IRON AND STEEL INSTITUTE (AISI) 

 

AISI SG03-3 (2002; Suppl 2001-2004; R 2008) 
Cold-Formed Steel Design Manual Set 

ASTM INTERNATIONAL (ASTM) 

ASTM A36/A36M (2014) Standard Specification for Carbon 

Structural Steel 

 

ASTM A653/A653M (2019) Standard Specification for Steel 

Sheet, Zinc-Coated (Galvanized) or 

Zinc-Iron Alloy-Coated (Galvannealed) by 

the Hot-Dip Process 

 

ASTM A792/A792M (2010) Standard Specification for Steel 

Sheet, 55% Aluminum-Zinc Alloy-Coated by 

the Hot-Dip Process 

 

ASTM A1008/A1008M (2016) Standard Specification for Steel, 

Sheet, Cold-Rolled, Carbon, Structural, 

High-Strength Low-Alloy, High-Strength 

Low-Alloy with Improved Formability, 

Solution Hardened, and Bake Hardenable 

 

ASTM A1011/A1011M (2018a) Standard Specification for Steel 

Sheet and Strip, Hot-Rolled, Carbon, 

Structural, High-Strength Low-Alloy, 

High-Strength Low-Alloy with Improved 

Formability, and Ultra-High Strength 

 

ASTM B117 (2016) Standard Practice for Operating 

Salt Spray (Fog) Apparatus 

 

ASTM D522/D522M (2014) Mandrel Bend Test of Attached 

Organic Coatings 

 

ASTM D523 (2014; R 2018) Standard Test Method for 

Specular Gloss 

 

ASTM D714 (2002; R 2017) Standard Test Method for 

Evaluating Degree of Blistering of Paints 

 

ASTM D968 (2017) Standard Test Methods for Abrasion 
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Resistance of Organic Coatings by Falling 

Abrasive 

 

ASTM D1654 (2008; R 2016; E 2017) Standard Test 
Method for Evaluation of Painted or Coated 

Specimens Subjected to Corrosive 

Environments 

 

ASTM D2244 (2016) Standard Practice for Calculation 

of Color Tolerances and Color Differences 

from Instrumentally Measured Color 

Coordinates 

 

ASTM D2247 (2015) Testing Water Resistance of 

Coatings in 100% Relative Humidity 

 

ASTM D4214 (2007; R 2015) Standard Test Method for 

Evaluating the Degree of Chalking of 

Exterior Paint Films 

 

ASTM E1592 (2005; R 2012) Structural Performance of 

Sheet Metal Roof and Siding Systems by 

Uniform Static Air Pressure Difference 

 

ASTM G152 (2013) Operating Open Flame Carbon Arc 

Light Apparatus for Exposure of 

Nonmetallic Materials 

 

ASTM G153 (2013) Operating Enclosed Carbon Arc Light 

Apparatus for Exposure of Nonmetallic 

Materials 

 

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 

(SMACNA) 

 

SMACNA 1793 (2012) Architectural Sheet Metal Manual, 

7th Edition 

 

U.S. DEPARTMENT OF ENERGY (DOE) 

 

Energy Star (1992; R 2006) Energy Star Energy 

Efficiency Labeling System (FEMP) 
 

1.2 DEFINITIONS 

 

1.2.1 Field-Formed Seam 

 

Seams of panels so configured that when adjacent sheets are installed the 

seam is sealed utilizing mechanical or hand seamers. Crimped (45 degree 

bend), roll formed (180 degree bend), double roll formed (2 - 180 degree 

bends), and roll and lock systems are types of field-formed seam systems. 

 

1.2.2 Snap Together Seam 

 

Panels so configured that the male and female portions of the seam 

interlock through the application of foot pressure or tamping with a 

mallet. Snap-on cap configurations are a type of snap together system. 
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1.2.3 Pre-Formed 

 

Formed to the final, less field-formed seam, profile and configuration in 

the factory. 

 

1.2.4 Field-Formed 

 

Formed to the final, less field-formed seam, profile and configuration at 

the site of work prior to installation. 

 

1.2.5 Roofing System 

 

The roofing system is defined as the assembly of roofing components, 

including roofing panels, flashing, fasteners, and accessories which, when 

assembled properly result in a watertight installation. 

 

1.2.6 SSMRS 

 

Standing Seam Metal Roof System (SSMRS) is abbreviation of the entire roof 

system specified herein with all components and parts coming from a single 

manufacturer's system. 

 

1.3 SYSTEM DESCRIPTION 

 

1.3.1 Design Requirements 

 

a. Panels must be continuous lengths up to manufacturer's standard 

longest lengths, with no joints or seams, except where indicated or 

specified. Ribs of adjoining sheets must be in continuous contact 

from eave to ridge. Individual panels of snap together type systems 

must be removable for replacement of damaged material. 

 

b. There must be no exposed or penetrating fasteners except where shown 

on approved shop drawings. Fasteners into steel must be stainless 

steel, zinc cast head, or cadmium plated steel screws inserted into 

predrilled holes. There must be a minimum of two fasteners per clip. 

Single fasteners will be allowed when supporting structural members 

are prepunched or predrilled. 

 

c. Snap together type systems must have a capillary break and a positive 

side lap locking device. Field-formed seam type systems must be 

mechanically locked closed by the manufacturer's locking tool. The 

seam must include a continuous factory applied sealant when required 

by the manufacturer to withstand the wind loads specified. 

 

d. Roof panel anchor clips must be concealed and designed to allow for 

longitudinal thermal movement of the panels, except where specific 

fixed points are indicated. Provide for lateral thermal movement in 

panel configuration or with clips designed for lateral and 

longitudinal movement. 

 

1.3.2 Design Conditions 

 

Design the system to resist positive and negative loads specified herein 

in accordance with the AISI SG03-3. Panels must support walking loads 

without permanent distortion or telegraphing of the structural supports. 
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1.3.2.1 Wind Uplift 

 

Compute and apply the design uplift pressures for the roof system using a 

basic wind speed of 115 miles per hour (mph). Roof system and attachments 

must resist the following wind loads, in pounds per square foot (psf): 

 

 Negative 

a. At eaves [  ] 

b. At rakes [  ] 

c. At ridge [  ] 

d. At building corners [  ] 

e. At central areas [  ] 

 

The design uplift force for each connection assembly must be that pressure 

given for the area under consideration, multiplied by the tributary load 

area of the connection assembly, and multiplied by the appropriate factor 

of safety, as follows: 

 

a. Single fastener in a connection: 3.0 

 

b. Two or more fasteners in each connection: 2.25 

 

1.3.2.2 Roof Live Loads 

 

Loads must be applied on the horizontal projection of the roof structure. 

The minimum roof design live load must be 20 psf. 

 

1.3.2.3 Thermal Movement 

 

System must be capable of withstanding thermal movement based on a 

temperature range of 10 degrees F below and 140 degrees F. 

 

1.3.2.4 Deflection 

 

Panels must be capable of supporting design loads between unsupported 

spans with deflection of not greater than L/180 of the span. 

 

1.3.3 Structural Performance 

 

The structural performance test methods and requirements of the Standing 

Seam Roofing Systems (SSRS) must be in accordance with ASTM E1592. 

 

1.4 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 
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SD-02 Shop Drawings 

Roofing; G 

SD-03 Product Data 

Roofing Panels; G 

Energy Star Label for Steel Roofing Product; S 

Recycled Content for Steel Roofing Product; S 

] Attachment Clips 

Closures 

Accessories 

Fasteners 

Sealants 

Insulation, including Joint Sealing Measures for Vapor Barrier 

Facing 

 

Sample Warranty Certificate; G 

 

Submit for materials to be provided. Submit data sufficient to 

indicate conformance to specified requirements. 

 

SD-04 Samples 

 

Roofing Panel 

Submit a 12 inch long by full width section of typical panel. 

For color selection, submit 2 by 4 inch metal samples in color, 

finish and texture selected. 

Accessories 

Submit each type of accessory item used in the project 

including, but not limited to each type of anchor clip, closure, 

fastener, and leg clamp. 

 

Sealants 

 

Intermediate Support Section 

 

Submit full size samples of each intermediate support section, 

12 inches long. 
 

SD-05 Design Data 

Design Calculations 

SD-06 Test Reports 

Field Inspection; G 
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Submit manufacturer's technical representative's field 

inspection reports as specified in paragraph MANUFACTURER'S FIELD 

INSPECTION. 

 

Structural Performance Tests 

Finish Tests 

SD-07 Certificates 
 

Manufacturer's Technical Representative's Qualifications 

Statement of Installer's Qualifications 

Submit documentation from roofing manufacturer proving the 

manufacturer's technical representative meets below specified 

requirements. Include name, address, telephone number, and 

experience record. 

 

Submit documentation proving the installer is factory-trained, 

has the specified experience, and authorized by the manufacturer 

to install the products specified. 

 

Coil Stock Compatibility; G 

 

Provide certification of coil compatibility with roll forming 

machinery to be used for forming panels without warping, waviness, 

and rippling not part of panel profile; to be done without damage, 

abrasion or marking of finish coating. 

 

SD-08 Manufacturer's Instructions 

Installation Manual; G 

Submit manufacturers printed installation manual, instructions, 

and standard details. 

 

SD-11 Closeout Submittals 

Information Card 

For each roofing installation, submit a typewritten card or 

photoengraved aluminum card containing the information listed on 

Form 1 located at the end of this section. 

 

Warranty 

 

1.5 DESIGN CALCULATIONS 

 

Provide design calculations prepared by a professional engineer 

specializing in structural engineering verifying that system supplied and 

any additional framing meets design load criteria indicated. Coordinate 

calculations with manufacturer's test results. Include calculations for: 

 

Wind load uplift design pressure at roof locations specified in 

paragraph WIND UPLIFT. 

 

Clip spacing and allowable load per clip. 
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Fastening of clips to structure or intermediate supports. 

 

Intermediate support spacing and framing and fastening to structure 

when required. 

 

Allowable panel span at anchorage spacing indicated. 

Safety factor used in design loading. 

Governing code requirements or criteria. 

Edge and termination details. 

1.6 QUALITY ASSURANCE 
 

1.6.1 Preroofing Conference 

 

After submittals are received and approved but before roofing and 

insulation work, including associated work, is preformed, the Contracting 

Officer will hold a preroofing conference to review the following: 

 

a. The drawings and specifications 

 

b. Procedure for on site inspection and acceptance of the roofing 

substrate and pertinent structural details relating to the roofing 

system 

 

c. Contractor's plan for coordination of the work of the various trades 

involved in providing the roofing system and other components secured 

to the roofing 

 

d. Safety requirements 

 

The preroofing conference must be attended by the Contractor and personnel 

directly responsible for the roofing and insulation installation, 

mechanical and electrical work, and the roofing manufacturer's technical 

representative. Conflicts among those attending the preroofing conference 

must be resolved and confirmed in writing before roofing work, including 

associated work, is begun. 

 

1.6.2 Manufacturer 

 

The SSMRS must be the product of a metal roofing industry - recognized 

manufacturer who has been in the practice of manufacturing SSMRS for a 

period of not less than 5 years and who has been involved in at least 5 

projects similar in size and complexity to this project. 

 

1.6.3 Manufacturer's Technical Representative 

 

The representative must have authorization from manufacturer to approve 

field changes and be thoroughly familiar with the products and with 

installations in the geographical area where construction will take 

place. The manufacturer's representative must be an employee of the 

manufacturer with at least 5 years experience in installing the roof 

system. The representative must be available to perform field inspections 

and attend meetings as required herein, and as requested by the 

Contracting Officer. 
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1.6.4 Installer's Qualifications 

 

The roofing system installer must be factory-trained, approved by the 

steel roofing system manufacturer to install the system, and must have a 

minimum of three years experience as an approved applicator with that 

manufacturer. The applicator must have applied five installations of 

similar size and scope as this project within the previous 3 years. 

 

1.6.5 Single Source 

 

Roofing panels, clips, closures, and other accessories must be standard 

products of the same manufacturer; must be the latest design by the 

manufacturer; and must have been designed by the manufacturer to operate 

as a complete system for the intended use. 

 

1.6.6 Laboratory Tests For Panel Finish 

 

The term "appearance of base metal" refers to the metal coating on steel. 

Panels must meet the following test requirements: 

 

a. Formability Test: When subjected to a 180 degree bend over a 1/8 inch 

diameter mandrel in accordance with ASTM D522/D522M, exterior coating 

film may show only slight microchecking and no loss of adhesion. 

 

b. Accelerated Weathering Test: Withstand a weathering test for a 

minimum of 2000 hours in accordance with ASTM G152 and ASTM G153, 

Method 1 without cracking, peeling, blistering, loss of adhesion of 

the protective coating, or corrosion of the base metal. Protective 

coating that can be readily removed from the base metal with a 

penknife blade or similar instrument will be considered to indicate 

loss of adhesion. 

 

c. Chalking Resistance: After the 2000-hour weatherometer test, exterior 

coating may not chalk greater than No. 8 rating when measured in 

accordance with ASTM D4214 test procedures. 

 

d. Color Change Test: 

 

After the 2000-hour weatherometer test, exterior coating color change 

must not exceed 2 NBS units when measured in accordance with ASTM D2244 

test procedure. 
 

e. Salt Spray Test: Withstand a salt spray test for a minimum of 1000 

hours in accordance with ASTM B117, including the scribe requirement 

in the test. Immediately upon removal of the panel from the test, the 

coating must receive a rating of 10, no blisters in field as 

determined by ASTM D714; and an average rating of 6, 1/8 inch failure 

at scribe, as determined by ASTM D1654. Rating Schedule No. 1. 

 

f. Abrasion Resistance Test for Color Coating: When subjected to the 

falling sand test in accordance with ASTM D968, coating system must 

withstand a minimum of 100 liters of sand per mil thickness before 

appearance of base metal. 

 

g. Humidity Test: When subjected to a humidity cabinet test in 

accordance with ASTM D2247 for 1000 hours, a scored panel must show no 

signs of blistering, cracking, creepage, or corrosion. 

 

h. Gloss Test: The gloss of the finish must be 30 plus or minus 5 at an 
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angle of 60 degrees, when measured in accordance with ASTM D523. 

 

i. Glare Resistance Test: 

 

Surfaces of panels that will be exposed to the exterior must have a 

specular reflectance of not more than 10 when measured in accordance 

with ASTM D523 at an angle of 85 degrees. Specular reflectance may be 

obtained with striations or embossing. Requirements specified under 

FORMABILITY TEST will be waived if necessary to conform to this 

requirement. 

 

1.6.7 Shop Drawing Requirements 

 

Submit roofing drawings to supplement the instructions and diagrams. 

Include design and erection drawings containing an isometric view of the 

roof showing the design uplift pressures and dimensions of edge, ridge and 

corner zones; and show typical and special conditions including flashings, 

materials and thickness, dimensions, fixing lines, anchoring methods, 

sealant locations, sealant tape locations, fastener layout, sizes, and 

spacing, terminations, penetrations, attachments, and provisions for 

thermal movement. Details of installation must be in accordance with the 

manufacturer's Standard Instructions and details or the SMACNA 1793. 

Prior to submitting shop drawings, have drawings reviewed and approved by 

the manufacturer's technical engineering department. 

 

1.7 WARRANTY 

 

Furnish manufacturer's no-dollar-limit materials and workmanship warranty 

for the roofing system. The warranty period must be not less than 20 

years from the date of Government acceptance of the work. The warranty 

must be issued directly to the Government. The warranty must provide that 

if within the warranty period the metal roofing system becomes 

non-watertight or shows evidence of corrosion, perforation, rupture or 

excess weathering due to deterioration of the roofing system resulting 

from defective materials or installed workmanship the repair or 

replacement of the defective materials and correction of the defective 

workmanship must be the responsibility of the roofing system 

manufacturer. Repairs that become necessary because of defective 

materials and workmanship while roofing is under warranty must be 

performed within 7 days after notification, unless additional time is 

approved by the Contracting Officer. Failure to perform repairs within 

the specified period of time will constitute grounds for having the 

repairs performed by others and the cost billed to the manufacturer. In 

addition, provide a 2 year contractor installation warranty. 

 

1.8 DELIVERY, STORAGE AND HANDLING 

 

Deliver, store, and handle preformed panels, bulk roofing products and 

other manufactured items in a manner to prevent damage or deformation. 

 

1.8.1 Delivery 

 

Provide adequate packaging to protect materials during shipment. Crated 

materials must not be uncrated until ready for use, except for inspection. 

Immediately upon arrival of materials at the jobsite, inspect materials 

for damage, dampness, and staining. Replace damaged or permanently 

stained materials that cannot be restored to like-new condition with 

satisfactory material. If materials are wet, remove the moisture and 

re-stack and protect the panels until used. 
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1.8.2 Storage 

 

Stack materials on platforms or pallets and cover with tarpaulins or other 

suitable weathertight covering which prevents water trapping or 

condensation. Store materials so that water which might have accumulated 

during transit or storage will drain off. Do not store the panels in 

contact with materials that might cause staining, such as mud, lime, 

cement, fresh concrete or chemicals. Protect stored panels from wind 

damage. 

 

1.8.3 Handling 

 

Handle material carefully to avoid damage to surfaces, edges and ends. 

 

PART 2 PRODUCTS 

 

2.1 ROOFING PANELS 

 

Provide panels with interlocking ribs for securing adjacent sheets and 

with concealed clip fastening system for securing the roof covering to 

structural framing members. Fasteners must not penetrate the panels 

except at the ridge, eave, rakes, penetrations, and end laps. Backing 

plates and ends of panels at end laps must be predrilled or prepunched. 

Factory prepare ends of panels to be lapped by trimming part of seam, 

die-setting, or swaging ends of panels. Individual sheets must be 

sufficiently long to cover the entire length of any unbroken roof slope 

when such slope is 70 feet or less. Provide panels that extend over two 

or more spans when length of run exceeds 70 feet. Obtain Contracting 

Officer (KO) approval for sheets longer than 70 feet before submitting 

shop drawings. Sheets must provide not less than 12 inches of coverage 

(width) in place. Provide panels with a minimum corrugation height of 1.75 

inches (nominal).  Make provisions for expansion and contraction at 

either ridge or eave, consistent with the type of system to be used. Form 

panels from coil stock without warping, waviness or ripples not part of 

the panel profile, and free of damage to the finish coating system. 

 

Provide steel roofing product that is Energy Star labeled. Provide data 

identifying Energy Star label for steel roofing product. 

 

2.1.1 Material 

 

Zinc-coated steel conforming to ASTM A653/A653M, G90 coating designation 

or aluminum-zinc alloy coated steel conforming to ASTM A792/A792M, AZ 55 

coating. Provide material with a minimum thickness of 0.023 inch thick 

(24 gage) minimum except when mid field of roof is subject to design wind 

uplift pressures of 60 psf or greater, entire roof system must have a 

minimum thickness of 0.030 inch (22 gage). Steel roofing materials must 

contain a minimum of 30 percent total recycled content. Provide data 

identifying percentage of recycled content for steel roofing product. 

Prior to shipment, treat mill finish panels with a passivating chemical 

and oil to inhibit the formation of oxide corrosion products. Dry, 

retreat, and re-oil panels that have become wet during shipment or storage 

but have not started to oxidize. 

 

2.1.2 Texture 

 

Smooth with raised intermediate ribs for added stiffness. 
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2.1.3 Finish 

 

Factory color finish. 

 

2.1.3.1 Factory Color Finish 

 

Provide factory applied, thermally cured coating to exterior and interior 

of metal roof and wall panels and metal accessories. Provide exterior 

finish top coat of 70 percent resin polyvinylidene fluoride with not less 

than 0.8 mil dry film thickness. Provide exterior primer standard with 

panel manufacturer with not less than 0.8 mil dry film thickness. 

Interior finish must consist of 0.5 mil dry film thickness backer coat. 

Provide exterior and interior coating meeting test requirements specified 

below. Tests must have been performed on the same factory finish and 

thickness provided. 

 

2.2 INTERMEDIATE SUPPORTS 

 

Fabricate panel subgirts, subpurlins, T-bars, Z-bars and tracks from 

galvanized steel conforming to ASTM A653/A653M, G90, Grade D ( 16 gage and 

heavier), Grade A ( 18 gage and lighter); or steel conforming to 

ASTM A36/A36M, ASTM A1011/A1011M , or ASTM A1008/A1008M prime painted with 

zinc-rich primer. Size, shape, thickness and capacity as required to meet 

the load, insulation thickness and deflection criteria specified. 

 

2.3 ATTACHMENT CLIPS 

 

Fabricate clips from ASTM A1011/A1011M, or ASTM A1008/A1008M steel hot-dip 

galvanized in accordance with ASTM A653/A653M, G 90, or Series 300 

stainless steel. Size, shape, thickness and capacity as required to meet 

the load, insulation thickness and deflection criteria specified. 

 

2.4 ACCESSORIES 

 

Sheet metal flashings, gutters, downspouts, trim, moldings, closure 

strips, pre-formed crickets, caps, equipment curbs, and other similar 

sheet metal accessories used in conjunction with preformed metal panels 

must be of the same material as used for the panels.  Provide metal 

accessories with a factory color finish to match the roofing panels, 

except that such items which will be concealed after installation may be 

provided without the finish if they are stainless steel. Metal must be of 

a thickness not less than that used for the panels. Thermal spacer blocks 

and other thermal barriers at concealed clip fasteners must be as 

recommended by the manufacturer except that wood spacer blocks are not 

allowed. 

 

2.4.1 Closures 

 

2.4.1.1 Rib Closures 

 

Corrosion resisting steel, closed-cell or solid-cell synthetic rubber, 

neoprene or polyvinyl chloride pre-molded to match configuration of rib 

opening. Material for closures must not absorb water. 

 

2.4.1.2 Ridge Closures 

 

Metal-clad foam or metal closure with foam secondary closure matching 

panel configuration for installation on surface of roof panel between 

panel ribs at ridge and headwall roof panel flashing conditions and 
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terminations. Foam material must not absorb water. 

 

2.4.2 Fasteners 

 

Zinc-coated steel, corrosion resisting steel, zinc cast head, or nylon 

capped steel, type and size specified below or as otherwise approved for 

the applicable requirements. Design the fastening system to withstand the 

design loads specified. Exposed fasteners must be gasketed or have 

gasketed washers on the exterior side of the covering to waterproof the 

penetration. Washer material must be compatible with the covering; have a 

minimum diameter of 3/8 inch for structural connections; and gasketed 

portion of fasteners or washers must be neoprene or other equally durable 

elastomeric material approximately 1/8 inch thick. 

 

2.4.2.1 Screws 

 

Not smaller than No. 14 diameter if self-tapping type and not smaller than 

No. 12 diameter if self-drilling and self-tapping. 

 

2.4.2.2 Bolts 

 

Not smaller than 1/4 inch diameter, shouldered or plain shank as required, 

with proper nuts. 

 

2.4.2.3 Automatic End-Welded Studs 

 

Automatic end-welded studs must be shouldered type with a shank diameter 

of not smaller than 3/16 inch and cap or nut for holding covering against 

the shoulder. 

 

2.4.2.4 Explosive Driven Fasteners 

 

Fasteners for use with explosive actuated tools must have a shank diameter 

of not smaller than 0.145 inch with a shank length of not smaller than 1/2 

inch for fastening to steel and not smaller than 1 inch for fastening to 

concrete. 

 

2.4.2.5 Rivets 

 

Blind rivets must be stainless steel with 1/8 inch nominal diameter shank. 

Rivets must be threaded stem type if used for other than the fastening of 

trim. Rivets with hollow stems must have closed ends. 

 

2.4.3 Sealants 

 

Elastomeric type containing no oil or asphalt. Exposed sealant must cure 

to a rubberlike consistency. Concealed sealant must be the non-hardening 

type. Seam sealant must be factory-applied, non-skinning, non-drying, and 

must conform to the roofing manufacturer's recommendations. 

Silicone-based sealants must not be used in contact with finished metal 

panels and components unless approved otherwise by the Contracting Officer. 

 

2.4.4 GASKETS AND INSULATING COMPOUNDS 

 

Nonabsorptive and suitable for insulating contact points of incompatible 

materials. Insulating compounds must be nonrunning after drying. 
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2.5 LINER PANELS 

 

Fabricate liner panels of the same material as roof panels, and formed or 

patterned to prevent waviness and distortion. Liner panels must have a 

factory applied, one mil thick minimum painted coating on the inside face 

and a prime coat on the liner side. 

 

PART 3 EXECUTION 

 

Do not install building construction materials that show visible evidence 

of biological growth. 

 

3.1 EXAMINATION 

 

Examine surfaces to receive standing seam metal roofing and flashing. 

Ensure that surfaces are plumb and true, clean, even, smooth, as dry and 

free from defects and projections which might affect the installation. 

 

3.2 PROTECTION FROM CONTACT WITH DISSIMILAR MATERIALS 

 

3.2.1 Cementitious Materials 

 

Paint metal surfaces which will be in contact with mortar, concrete, or 

other masonry materials with one coat of alkali-resistant coating such as 

heavy-bodied bituminous paint. 

 

3.2.2 Contact with Wood 

 

Where metal will be in contact with wood or other absorbent material 

subject to wetting, seal joints with sealing compound and apply one coat 

of heavy-bodied bituminous paint. 

 

3.3 INSTALLATION 

 

Install in accordance with the approved manufacturer's erection 

instructions, shop drawings, and diagrams. Panels must be in full and 

firm contact with attachment clips. Where prefinished panels are cut in 

the field, or where any of the factory applied coverings or coatings are 

abraded or damaged in handling or installation, they must, after necessary 

repairs have been made with material of the same color as the weather 

coating, be approved before being installed. Seal completely openings 

through panels. Correct defects or errors in the materials. Replace 

materials which cannot be corrected in an approved manner with 

nondefective materials. Provide molded closure strips where indicated and 

where necessary to provide weathertight construction. Use shims as 

required to ensure attachment clip line is true. Use a spacing gage at 

each row of panels to ensure that panel width is not stretched or 

shortened.[ Provide one layer of asphalt-saturated felt placed 

perpendicular to roof slope, covered by one layer of rosin-sized building 

paper placed parallel to roof slope with side laps down slope and attached 

with roofing nails. Overlap side and end laps 3 inches, offset seams in 

building paper with seams in felt.] 

 

3.3.1 Roof Panels 

 

Apply roofing panels with the standing seams parallel to the slope of the 

roof. Provide roofing panels in longest practical lengths from ridge to 

eaves (top to eaves on shed roofs), with no transverse joints except at 

the junction of ventilators, curbs, skylights, chimneys, and similar 
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openings. Install flashing to assure positive water drainage away from 

roof penetrations. Locate panel end laps such that fasteners do not 

engage supports or otherwise restrain the longitudinal thermal movement of 

panels. Form field-formed seam type system seams in the field with an 

automatic mechanical seamer approved by the manufacturer. Attach panels 

to the structure with concealed clips incorporated into panel seams. Clip 

attachment must allow roof to move independently of the structure, except 

at fixed points as indicated. 

 

3.3.2 Flashings 

 

Provide flashing, related closures and accessories as indicated and as 

necessary to provide a weathertight installation. Install flashing to 

ensure positive water drainage away from roof penetrations. Flash and 

seal the roof at the ridge, eaves and rakes, and projections through the 

roof. Place closure strips, flashing, and sealing material in an approved 

manner that will assure complete weathertightness.  Details of 

installation which are not indicated must be in accordance with the 

SMACNA 1793, panel manufacturer's approved printed instructions and 

details, or the approved shop drawings. Allow for expansion and 

contraction of flashing. 

 

3.3.3 Flashing Fasteners 

 

Fastener spacings must be in accordance with the panel manufacturer's 

recommendations and as necessary to withstand the design loads indicated. 

Install fasteners in roof valleys as recommended by the manufacturer of 

the panels. Install fasteners in straight lines within a tolerance of 1/2 

inch in the length of a bay. Drive exposed penetrating type fasteners 

normal to the surface and to a uniform depth to seat gasketed washers 

properly and drive so as not to damage factory applied coating. Exercise 

extreme care in drilling pilot holes for fastenings to keep drills 

perpendicular and centered. Do not drill through sealant tape. After 

drilling, remove metal filings and burrs from holes prior to installing 

fasteners and washers. Torque used in applying fasteners must not exceed 

that recommended by the manufacturer. Remove panels deformed or otherwise 

damaged by over-torqued fastenings, and provide new panels. 

 

3.3.4 Rib and Ridge Closure/Closure Strips 

 

Set closure/closure strips in joint sealant material and apply sealant to 

mating surfaces prior to adding panel. 

 

3.4 PROTECTION OF APPLIED ROOFING 

 

Do not permit storing, walking, wheeling, and trucking directly on applied 

roofing materials. Provide temporary walkways, runways, and platforms of 

smooth clean boards or planks as necessary to avoid damage to applied 

roofing materials, and to distribute weight to conform to indicated live 

load limits of roof construction. 

 

3.5 CLEANING 

 

Clean exposed sheet metal work at completion of installation.  Remove 

metal shavings, filings, nails, bolts, and wires from roofs. Remove 

grease and oil films, excess sealants, handling marks, contamination from 

steel wool, fittings and drilling debris and scrub the work clean. 

Exposed metal surfaces must be free of dents, creases, waves, scratch 

marks, solder or weld marks and damage to the finish coating. 
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3.6 MANUFACTURER'S FIELD INSPECTION 

 

Manufacturer's technical representative must visit the site as necessary 

during the installation process to assure panels, flashings, and other 

components are being installed in a satisfactory manner. Manufacturer's 

technical representative must perform a field inspection during the first 

20 squares of roof panel installation and at substantial completion prior 

to issuance of warranty, as a minimum, and as otherwise requested by the 

Contracting Officer.Additional inspections must not exceed one for 100 

squares of total roof area with the exception that follow-up inspections 

of previously noted deficiencies or application errors must be performed 

as requested by the Contracting Officer. Each inspection visit must 

include a review of the entire installation to date. After each 

inspection, submit a report, signed by the manufacturer's technical 

representative, to the Contracting Officer noting the overall quality of 

work, deficiencies and any other concerns, and recommended corrective 

actions in detail. Notify Contracting Officer a minimum of 2 working days 

prior to site visit by manufacturer's technical representative. 

 

3.7 COMPLETED WORK 

 

Completed work must be plumb and true without oil canning, dents, ripples, 

abrasion, rust, staining, or other damage detrimental to the performance 

or aesthetics of the completed roof assembly. 

 

3.8 INFORMATION CARD 

 

For each roof, provide a typewritten card, laminated in plastic and framed 

for interior display or a photoengraved 0.032 inch thick aluminum card for 

exterior display. Card to be 8 1/2 by 11 inches minimum and contain the 

information listed on Form 1 at end of this section. Install card near 

point of access to roof, or where indicated. Send a photostatic paper 

copy toSOUTHWESTNAVFACENGCOM, Code 133SB, 1220 Pacific Highway, San Diego, 

CA 92132-5190. 

 

3.9 FORM ONE 
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FORM 1 - PREFORMED STEEL STANDING SEAM ROOFING SYSTEM COMPONENTS 

 

1. Contract Number: 

 

2. Building Number & Location: 

 

3. NAVFAC Specification Number: 

 

4. Deck/Substrate Type: 

 

5. Slopes of Deck/Roof Structure: 

 

6. Insulation Type & Thickness: 

 

7. Insulation Manufacturer: 

 

8. Vapor Retarder: ( )Yes ( )No 

 

9. Vapor Retarder Type: 

 

10. Preformed Steel Standing Seam Roofing Description: 

 

a. Manufacturer (Name, Address, & Phone No.): 

b. Product Name: c. Width: d. Gage: 

e. Base Metal: f. Method of Attachment: 
 

11. Repair of Color Coating: 

 

a. Coating Manufacturer (Name, Address & Phone No.): 

b. Product Name: 

c. Surface Preparation: 

d. Recoating Formula: 

e. Application Method: 
 

12. Statement of Compliance or Exception:   
 

 

 

13. Date Roof Completed: 

 

14. Warranty Period: From   

 

15. Roofing Contractor (Name & Address): 

 

16. Prime Contractor (Name & Address): 

 

 
To   

 

Contractor's Signature   Date: 

 

Inspector's Signature    

 

-- End of Section -- 

Date: 
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SECTION 07 92 00

JOINT SEALANTS
08/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM C734 (2015; R 2019) Low-Temperature Flexibility 
of Latex Sealants After Artificial 
Weathering

ASTM C919 (2012; R 2017) Standard Practice for Use 
of Sealants in Acoustical Applications

ASTM C920 (2018) Standard Specification for 
Elastomeric Joint Sealants

ASTM C1193 (2013) Standard Guide for Use of Joint 
Sealants

ASTM C1521 (2013) Standard Practice for Evaluating 
Adhesion of Installed Weatherproofing 
Sealant Joints

ASTM D217 (2019b) Standard Test Methods for Cone 
Penetration of Lubricating Grease

ASTM D1056 (2014) Standard Specification for Flexible 
Cellular Materials - Sponge or Expanded 
Rubber

ASTM D2452 (2015; R 2019) Standard Test Method for 
Extrudability of Oil- and Resin-Base 
Caulking Compounds

ASTM D2453 (2015) Standard Test Method for Shrinkage 
and Tenacity of Oil- and Resin-Base 
Caulking Compounds

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers
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SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Sealants ; G

Primers ; G

Bond Breakers ; G

Backstops ; G

SD-06 Test Reports

Field Adhesion ; G

SD-07 Certificates

Indoor Air Quality For Interior Sealants ; S

Indoor Air Quality For Interior Floor Joint Sealants ; S

Indoor Air Quality For Interior Acoustical Sealants ; S

Indoor Air Quality For Interior Caulking ; S

1.3   PRODUCT DATA

Include storage requirements, shelf life, curing time, instructions for 
mixing and application, and accessories.  Provide manufacturer's Safety 
Data Sheets (SDS) for each solvent, primer and sealant material proposed.
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[ 1.4   CERTIFICATIONS

1.4.1   Indoor Air Quality Certifications

Submit required indoor air quality certifications in one submittal package.

1.4.1.1   Adhesives and Sealants

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification or validation by other third-party program that 
products meet the requirements of this Section.  Provide current product 
certification documentation from certification body. When product does not 
have certification, provide validation that product meets the indoor air 
quality product requirements cited herein.

] 1.5   ENVIRONMENTAL CONDITIONS

Apply sealant when the ambient temperature is between  40 and 90 degrees F .

1.6   DELIVERY AND STORAGE

Deliver materials to the jobsite in unopened manufacturers' sealed 
shipping containers, with brand name, date of manufacture, color, and 
material designation clearly marked thereon.  Label elastomeric sealant 
containers to identify type, class, grade, and use. Handle and store 
materials in accordance with manufacturer's printed instructions.  Prevent 
exposure to foreign materials or subjection to sustained temperatures 
exceeding  90 degrees F  or lower than  0 degrees F .  Keep materials and 
containers closed and separated from absorptive materials such as wood and 
insulation.

1.7   QUALITY ASSURANCE

1.7.1   Compatibility with Substrate

Verify that each sealant is compatible for use with each joint substrate 
in accordance with sealant manufacturer's printed recommendations for each 
application.

1.7.2   Joint Tolerance

Provide joint tolerances in accordance with manufacturer's printed 
instructions.

1.7.3   Mock-Up

Provide a mock-up of each type of sealant using materials, colors, and 
techniques approved for use on the project.  Approved mock-ups may be 
incorporated into the Work.

1.7.4   Adhesion

Provide in accordance with ASTM C1193 or ASTM C1521.
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PART 2   PRODUCTS

2.1   SEALANTS

Provide sealant products that have been tested, found suitable, and 
documented as such by the manufacturer for the particular substrates to 
which they will be applied.

2.1.1   Interior Sealants

Provide ASTM C920, Type S or M, Grade NS, Class 12.5, Use NT.  Provide 
sealant products used on the interior of the building (defined as inside 
of the weatherproofing system) meeting either emissions requirements of 
CDPH SECTION 01350  (limit requirements for either office or classroom 
spaces regardless of space type) or VOC content requirements of 
SCAQMD Rule 1168 .  Provide certification or validation of indoor air 
quality for interior sealants .  Location(s) and color(s) of sealant for 
the following.  Note, color "as selected" refers to manufacturer's full 
range of color options

LOCATION COLOR

a.  Small voids between walls or partitions and adjacent lockers, 
casework, shelving, door frames, built-in or surface mounted 
equipment and fixtures, and similar items.

As selected 

b.  Perimeter of frames at doors, windows, and access panels which 
adjoin exposed interior concrete and masonry surfaces.

c.  Joints of interior masonry walls and partitions which adjoin 
columns, pilasters, concrete walls, and exterior walls unless 
otherwise detailed.

d.  Joints between edge members for acoustical tile and adjoining 
vertical surfaces.

e.  Interior locations, not otherwise indicated or specified, where 
small voids exist between materials specified to be painted.

f.  Joints formed where non-planar tile surfaces meet.

g.  Joints formed between tile floors and tile base cove; joints 
between tile and dissimilar materials; joints occurring where 
substrates change.

2.1.2   Exterior Sealants

For joints in vertical surfaces, provide ASTM C920, Type S or M, Grade NS, 
Class 25, Use NT.  For joints in horizontal surfaces, provide ASTM C920, 
Type S or M, Grade P, Class 25, Use T.  Provide location(s) and color(s) 
of sealant as follows.  Note, color "as selected" refers to manufacturer's 
full range of color options:
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LOCATION COLOR

a.  Joints and recesses formed where frames 
and subsills of windows, doors, louvers, and 
vents adjoin masonry, concrete, or metal 
frames.  Use sealant at both exterior and 
interior surfaces of exterior wall 
penetrations.

Match adjacent 
surface color 

b.  Voids where items pass through exterior 
walls.

c.  Metal-to-metal joints where sealant is 
indicated or specified.

d.  Joints between ends of gravel stops, 
fascia, copings, and adjacent walls.

2.1.3   Floor Joint Sealants

ASTM C920, Type S or M, Grade P, Class 25, Use T.  Provide sealant 
products used on the interior of the building (defined as inside of the 
weatherproofing system) meeting either emissions requirements of 
CDPH SECTION 01350  (limit requirements for either office or classroom 
spaces regardless of space type) or VOC content requirements of 
SCAQMD Rule 1168 .  Provide certification or validation of indoor air 
quality for interior floor joint sealants .  Provide location(s) and 
color(s) of sealant as follows.  Note, color "as selected" refers to 
manufacturer's full range of color options:

LOCATION COLOR

a.  Seats of metal thresholds for exterior 
doors.

As selected 

b.  Control and expansion joints in floors, 
slabs, ceramic tile, and walkways.

2.1.4   Acoustical Sealants

Rubber or polymer based acoustical sealant in accordance with ASTM C919 to 
have a flame spread of 25 or less and a smoke developed rating of 50 or 
less when tested in accordance with ASTM E84.  Provide non-staining 
acoustical sealant with a consistency of 250 to 310 when tested in 
accordance with ASTM D217.  Acoustical sealant must remain flexible and 
adhesive after 500 hours of accelerated weathering as specified in 
ASTM C734.  Provide sealant products used on the interior of the building 
(defined as inside of the weatherproofing system) meeting either emissions 
requirements of CDPH SECTION 01350  (limit requirements for either office 
or classroom spaces regardless of space type) or VOC content requirements 
of SCAQMD Rule 1168 .  Provide certification or validation of indoor air 
quality for interior acoustical sealants .
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2.1.5   Preformed Sealants

Provide preformed sealants of polybutylene or isoprene-butylene based 
pressure sensitive weather resistant tape or bead sealants capable of 
sealing out moisture, air and dust when installed as recommended by the 
manufacturer.  At temperatures from minus  30 to plus 160 degrees F , 
sealants must be non-bleeding and have no loss of adhesion.

2.1.5.1   Bead

Bead sealant:  Provide cross section dimensions.

2.2   PRIMERS

Non-staining, quick drying type and consistency as recommended by the 
sealant manufacturer for the particular application.  Provide primers for 
interior applications that meet the indoor air quality requirements of the 
paragraph SEALANTS above.

2.3   BOND BREAKERS
 

Type and consistency as recommended by the sealant manufacturer to prevent 
adhesion of the sealant to the backing or to the bottom of the joint.  
Provide bond breakers for interior applications that meet the indoor air 
quality requirements of the paragraph SEALANTS above.

2.4   BACKSTOPS

Provide glass fiber roving, neoprene, butyl, polyurethane, or polyethylene 
foams free from oil or other staining elements as recommended by sealant 
manufacturer.  Provide 25 to 33 percent oversized backing for closed cell 
and 40 to 50 percent oversized backing for open cell material, unless 
otherwise indicated.  Provide backstop material that is compatible with 
sealant.  Do not use oakum or other types of absorptive materials as 
backstops.

2.4.1   Rubber

Provide in accordance with ASTM D1056, Type 2, closed cell, Class A round 
cross section for cellular rubber sponge backing.

2.5   CAULKING

For interior use and only where there is little or no anticipated joint 
movement.  Provide in accordance with ASTM D2452 and ASTM D2453.  Provide 
products used on the interior of the building (defined as inside of the 
weatherproofing system) meeting either emissions requirements of 
CDPH SECTION 01350  (limit requirements for either office or classroom 
spaces regardless of space type) or VOC content requirements of 
SCAQMD Rule 1168 .  Provide certification or validation of indoor air 
quality for interior caulking .

2.6   CLEANING SOLVENTS

Provide type(s) recommended by the sealant manufacturer and in accordance 
with environmental requirements herein.  [Protect adjacent aluminum and 
bronze surfaces from solvents].  Provide solvents for interior 
applications that meet the indoor air quality requirements of the 
paragraph SEALANTS above.
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PART 3   EXECUTION

3.1   FIELD QUALITY CONTROL

Perform a field adhesion test in accordance with manufacturer's 
instructions and ASTM C1193, Method A or ASTM C1521, Method A, Tail 
Procedure.  Remove sealants that fail adhesion testing; clean substrates, 
reapply sealants, and re-test. Test sealants adjacent to failed sealants.  
Submit field adhesion  test report indicating tests, locations, dates, 
results, and remedial actions taken.

3.2   SURFACE PREPARATION

Prepare surfaces according to manufacturer's printed installation 
instructions.  Clean surfaces from dirt, frost, moisture, grease, oil, 
wax, lacquer, paint, or other foreign matter that would destroy or impair 
adhesion.  Remove oil and grease with solvent; thoroughly remove solvents 
prior to sealant installation.  Wipe surfaces dry with clean cloths.  When 
resealing an existing joint, remove existing caulk or sealant prior to 
applying new sealant.  For surface types not listed below, provide in 
accordance with sealant manufacturer's printed instructions for each 
specific surface.

3.2.1   Steel Surfaces

Remove loose mill scale by sandblasting or, if sandblasting is impractical 
or would damage finished work, scraping and wire brushing.  Remove 
protective coatings by sandblasting or using a residue free solvent.  
Remove resulting debris and solvent residue prior to sealant installation.

3.2.2   Aluminum or Bronze Surfaces

Remove temporary protective coatings from surfaces that will be in contact 
with sealant.  When masking tape is used as a protective coating, remove 
tape and any residual adhesive prior to sealant application.  For removing 
protective coatings and final cleaning, use non-staining solvents 
recommended by the manufacturer of the item(s) containing aluminum or 
bronze surfaces.

3.2.3   Concrete and Masonry Surfaces

Where surfaces have been treated with curing compounds, oil, or other such 
materials, remove materials by sandblasting or wire brushing.  Remove 
laitance, efflorescence and loose mortar from the joint cavity.  Remove 
resulting debris prior to sealant installation.

3.2.4   Wood Surfaces

Ensure wood surfaces that will be in contact with sealants are free of 
splinters, sawdust and other loose particles.

3.3   SEALANT PREPARATION

Do not add liquids, solvents, or powders to sealants.  Mix multicomponent 
elastomeric sealants in accordance with manufacturer's printed 
instructions.
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3.4   APPLICATION

3.4.1   Joint Width-To-Depth Ratios

Acceptable Ratios:

JOINT WIDTH JOINT DEPTH

Minimum Maximum

For metal, glass, or other nonporous surfaces:

1/4 inch (minimum) 1/4 inch 1/4 inch

over 1/4 inch 1/2 of width Equal to width

For wood, concrete, masonry, stone, or [_____]:

1/4 inch (minimum) 1/4 inch 1/4 inch

over 1/4 inch to 1/2 inch 1/4 inch Equal to width

over 1/2 inch to 1 inch 1/2 inch 5/8 inch

Over 1 inch prohibited

Unacceptable Ratios:  Where joints of acceptable width-to-depth ratios 
have not been provided, clean out joints to acceptable depths and grind or 
cut to acceptable widths without damage to the adjoining work.  Grinding 
is prohibited at metal surfaces.

3.4.2   Unacceptable Sealant Use

Do not install sealants in lieu of other required building enclosure 
weatherproofing components such as flashing, drainage components, and 
joint closure accessories, or to close gaps between walls, floors, roofs, 
windows, and doors, that exceed acceptable installation tolerances.  
Remove sealants that have been used in an unacceptable manner and correct 
building enclosure deficiencies to comply with contract documents 
requirements.

3.4.3   Masking Tape

Place masking tape on the finished surface on one or both sides of joint 
cavities to protect adjacent finished surfaces from primer or sealant 
smears.  Remove masking tape within 10 minutes of joint filling and 
tooling.

3.4.4   Backstops

Provide backstops dry and free of tears or holes.  Tightly pack the back 
or bottom of joint cavities with backstop material to provide joints in 
specified depths.  Provide backstops where indicated and where backstops 
are not indicated but joint cavities exceed the acceptable maximum depths 
specified in JOINT WIDTH-TO-DEPTH RATIOS Table.
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3.4.5   Primer

Clean out loose particles from joints immediately prior to application 
of.  Apply primer to joints in concrete masonry units, wood, and other 
porous surfaces in accordance with sealant manufacturer's printed 
instructions.  Do not apply primer to exposed finished surfaces.

3.4.6   Bond Breaker

Provide bond breakers to surfaces not intended to bond in accordance with, 
sealant manufacturer's printed instructions for each type of surface and 
sealant combination specified.

3.4.7   Sealants

Provide sealants compatible with the material(s) to which they are 
applied. Do not use a sealant that has exceeded its shelf life or has 
jelled and cannot be discharged in a continuous flow from the sealant 
gun.  Apply sealants in accordance with the manufacturer's printed 
instructions with a gun having a nozzle that fits the joint width.  Work 
sealant into joints so as to fill the joints solidly without air pockets.  
Tool sealant after application to ensure adhesion.  Apply sealant 
uniformly smooth and free of wrinkles.  Upon completion of sealant 
application, roughen partially filled or unfilled joints, apply additional 
sealant, and tool smooth as specified.  Apply sealer over sealants in 
accordance with the sealant manufacturer's printed instructions.

3.5   PROTECTION AND CLEANING

3.5.1   Protection

Protect areas adjacent to joints from sealant smears.  Masking tape may be 
used for this purpose if removed 5 to 10 minutes after the joint is filled 
and no residual tape marks remain.

3.5.2   Final Cleaning

Upon completion of sealant application, remove remaining smears and stains 
and leave the work in a clean and neat condition.

a.  Masonry and Other Porous Surfaces:  Immediately remove fresh sealant 
that has been smeared on adjacent masonry, rub clean with a solvent, 
and remove solvent residue, in accordance with sealant manufacturer's 
printed instructions.  Allow excess sealant to cure for 24 hour then 
remove by wire brushing or sanding.  Remove resulting debris.

b.  Metal and Other Non-Porous Surfaces:  Remove excess sealant with a 
solvent moistened cloth.  Remove solvent residue in accordance with  
solvent manufacturer's printed instructions.

        -- End of Section --
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SECTION 08 11 13

STEEL DOORS AND FRAMES
02/10

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A879/A879M (2012) Standard Specification for Steel 
Sheet, zinc Coated by the Electrolytic 
Process for Applications Requiring 
Designation of the Coating Mass on Each 
Surface

ASTM C591 (2019a) Standard Specification for Unfaced 
Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation

ASTM D2863 (2019) Standard Test Method for Measuring 
the Minimum Oxygen Concentration to 
Support Candle-Like Combustion of Plastics 
(Oxygen Index)

ASTM E283 (2004; R 2012) Determining the Rate of Air 
Leakage Through Exterior Windows, Curtain 
Walls, and Doors Under Specified Pressure 
Differences Across the Specimen

ASTM E1300 (2016) Standard Practice for Determining 
Load Resistance of Glass in Buildings

ASTM F2248 (2012) Standard Practice for Specifying an 
Equivalent 3-Second Duration Design 
Loading for Blast Resistant Glazing 
Fabricated with Laminated Glass

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

ANSI/BHMA A156.115 (2016) Hardware Preparation in Steel Doors 
and Steel Frames

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 80 (2016; TIA 16-1) Standard for Fire Doors 
and Other Opening Protectives

SECTION 08 11 13  Page 2



Hill Air Force Base, UT, Building 591 HILL591

NFPA 252 (2017) Standard Methods of Fire Tests of 
Door Assemblies

STEEL DOOR INSTITUTE (SDI/DOOR)

SDI/DOOR 111 (2009) Recommended Selection and Usage 
Guide for Standard Steel Doors, Frames and 
Accessories

SDI/DOOR 113 (2001; R2006) Standard Practice for 
Determining the Steady State Thermal 
Transmittance of Steel Door and Frame 
Assemblies

SDI/DOOR A250.4 (2011) Test Procedure and Acceptance 
Criteria for Physical Endurance for Steel 
Doors and Hardware Reinforcing

SDI/DOOR A250.6 (2003; R2009) Recommended Practice for 
Hardware Reinforcing on Standard Steel 
Doors and Frames

SDI/DOOR A250.8 (2003; R2008) Recommended Specifications 
for Standard Steel Doors and Frames

SDI/DOOR A250.11 (2001) Recommended Erection Instructions 
for Steel Frames

UNDERWRITERS LABORATORIES (UL)

UL 10C (2016) UL Standard for Safety Positive 
Pressure Fire Tests of Door Assemblies

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Doors ; G

Recycled Content for Steel Door Product ; S

Frames ; G

Recycled Content for Steel Frame Product ; S

Accessories

Weatherstripping

Show elevations, construction details, metal gages, hardware 
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provisions, method of glazing, and installation details.

Schedule of Doors ; G

Schedule of Frames ; G

Submit door and frame locations.

SD-03 Product Data

Doors ; G

Frames ; G

Accessories

Weatherstripping

Submit manufacturer's descriptive literature for doors, frames, 
and accessories.  Include data and details on door construction, 
panel (internal) reinforcement, insulation, and door edge 
construction.  When "custom hollow metal doors" are provided in 
lieu of "standard steel doors," provide additional details and 
data sufficient for comparison to SDI/DOOR A250.8  requirements.

SD-04 Samples

Factory-applied enamel finish ; G

Where colors are not indicated, submit manufacturer's standard 
colors and patterns for selection.

1.3   DELIVERY, STORAGE, AND HANDLING

Deliver doors, frames, and accessories undamaged and with protective 
wrappings or packaging. Store doors and frames on platforms under cover in 
clean, dry, ventilated, and accessible locations, with  1/4 inch  airspace 
between doors.  Remove damp or wet packaging immediately and wipe affected 
surfaces dry.  Replace damaged materials with new.

PART 2   PRODUCTS

2.1   STANDARD STEEL DOORS

SDI/DOOR A250.8 , except as specified otherwise.  Prepare doors to receive 
door hardware as specified in Section 08 71 00 .  Undercut where 
indicated.  Provide exterior doors with top edge closed flush and sealed 
to prevent water intrusion.  Provide doors at  1-3/4 inch  thick, unless 
otherwise indicated.  Provide door material that uses a minimum of 25 
percent recycled content.  Provide data indicating percentage of recycled 
content for steel door product .  Provide exterior glazing in accordance 
with ASTM F2248 and ASTM E1300.

2.1.1   Classification - Level, Performance, Model
2.1.1.1   Standard Duty Doors

SDI/DOOR A250.8 , Level 1, physical performance Level C, Model 1 , of 
size(s) and design(s) indicated and core construction as required by the 
manufacturer.  Provide where shown.
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2.2   INSULATED STEEL DOOR SYSTEMS

Provide insulated steel doors with a core of polyurethane foam; face 
sheets, edges, and frames of galvanized steel not lighter than  23 gage ,  16 
gage , and  16 gage  respectively; magnetic weatherstripping; 
nonremovable-pin hinges; thermal-break aluminum threshold; and vinyl door 
bottom.  Provide to doors and frames a phosphate treatment, 
rust-inhibitive primer, and baked acrylic enamel finish.  Test doors in 
accordance with SDI/DOOR A250.4  and meet the requirements for Level C.  
Prepare doors to receive specified hardware.  Provide doors  1-3/4 inch  
thick.  Provide insulated steel doors and frames where shown.

2.3   INSULATION CORES

Provide insulating cores of the type specified, and provide an apparent 
U-factor of .48 in accordance with SDI/DOOR 113  and conforming to:

a.  Rigid Cellular Polyisocyanurate Foam:  ASTM C591, Type I or II, 
foamed-in-place or in board form, with oxygen index of not less 
than 22 percent when tested in accordance with ASTM D2863; or

2.4   STANDARD STEEL FRAMES

SDI/DOOR A250.8 , Level 1, except as otherwise specified.  Form frames to 
sizes and shapes indicated, with welded corners.  Provide steel frames for 
doors,  unless otherwise indicated.  Provide frame product that uses a 
minimum of 25 percent recycled content.  Provide data indicating 
percentage of recycled content for steel frame product .

2.4.1   Welded Frames

Continuously weld frame faces at corner joints.  Mechanically interlock or 
continuously weld stops and rabbets.  Grind welds smooth.

Weld frames in accordance with the recommended practice of the Structural 
Welding Code Sections 1 through 6, AWS D1.1/D1.1M  and in accordance with 
the practice specified by the producer of the metal being welded.

2.4.2   Stops and Beads

Form stops and beads from  20 gage  steel.  Provide for glazed and other 
openings in standard steel frames.  Secure beads to frames with oval-head, 
countersunk Phillips self-tapping sheet metal screws or concealed clips 
and fasteners.  Space fasteners approximately  12 to 16 inch  on center.  
Miter molded shapes at corners.  Butt or miter square or rectangular beads 
at corners.

2.4.3   Anchors

Provide anchors to secure the frame to adjoining construction.  Provide 
steel anchors, zinc-coated or painted with rust-inhibitive paint, not 
lighter than  18 gage .

2.4.3.1   Wall Anchors

Provide at least three anchors for each jamb.  For frames which are more 
than  7.5 feet  in height, provide one additional anchor for each jamb for 
each additional  2.5 feet  or fraction thereof.
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a.  Masonry:  Provide anchors of corrugated or perforated steel straps 
or  3/16 inch  diameter steel wire, adjustable or T-shaped;

b.  Stud partitions:  Weld or otherwise securely fasten anchors to 
backs of frames.  Design anchors to be fastened to closed steel 
studs with sheet metal screws, and to open steel studs by wiring 
or welding;

c.  Completed openings:  Secure frames to previously placed concrete 
or masonry with expansion bolts in accordance with SDI/DOOR 111 ; 
and

2.4.3.2   Floor Anchors

Provide floor anchors drilled for  3/8 inch  anchor bolts at bottom of each 
jamb member.  

2.5   FIRE DOORS AND FRAMES

NFPA 80   and this specification.  The requirements of NFPA 80   takes 
precedence over details indicated or specified.

2.5.1   Labels

Provide fire doors and frames bearing the label of Underwriters 
Laboratories (UL), Factory Mutual Engineering and Research (FM), or 
Warnock Hersey International (WHI) attesting to the rating required.  
Testing must be in accordance with NFPA 252  or UL 10C .  Provide labels 
that are metal with raised letters, bearing the name or file number of the 
door and frame manufacturer.  Labels must be permanently affixed at the 
factory to frames and to the hinge edge of the door.  Do not paint door 
and labels.

2.5.2   Astragal on Fire Doors

On pairs of labeled fire doors, conform to NFPA 80  and UL requirements.

2.6   WEATHERSTRIPPING

As specified in Section 08 71 00  DOOR HARDWARE.

2.6.1   Integral Gasket

Black synthetic rubber gasket with tabs for factory fitting into factory 
slotted frames, or extruded neoprene foam gasket made to fit into a 
continuous groove formed in the frame, may be provided in lieu of head and 
jamb seals specified in Section 08 71 00  DOOR HARDWARE.  Insert gasket in 
groove after frame is finish painted.  Provide doors where air leakage of 
weatherstripped doors does not exceed  0.5 cubic feet per minute of air per 
square foot  of door area when tested in accordance with ASTM E283.

2.7   HARDWARE PREPARATION

Provide minimum hardware reinforcing gages as specified in SDI/DOOR A250.6 .  
Drill and tap doors and frames to receive finish hardware. Prepare doors 
and frames for hardware in accordance with the applicable requirements of 
SDI/DOOR A250.8  and SDI/DOOR A250.6 .  For additional requirements refer to 
ANSI/BHMA A156.115 . Drill and tap for surface-applied hardware at the 

SECTION 08 11 13  Page 6



Hill Air Force Base, UT, Building 591 HILL591

project site.  Build additional reinforcing for surface-applied hardware 
into the door at the factory.  Locate hardware in accordance with the 
requirements of SDI/DOOR A250.8 , as applicable.  Set lock strikes out to 
provide clearance for silencers.

2.8   FINISHES

2.8.1   Factory-Primed Finish

Thoroughly clean all surfaces of doors and frames then chemically treat 
and factory prime with a rust inhibiting coating as specified in 
SDI/DOOR A250.8 , or paintable A25 galvannealed steel without primer.  
Where coating is removed by welding, apply touchup of factory primer.

2.8.2   Electrolytic Zinc-Coated Anchors and Accessories

Provide electrolytically deposited zinc-coated steel in accordance with 
ASTM A879/A879M , Commercial Quality, Coating Class A.  Phosphate treat and 
factory prime zinc-coated surfaces as specified in SDI/DOOR A250.8 .

2.9   FABRICATION AND WORKMANSHIP

Provide finished doors and frames that are strong and rigid, neat in 
appearance, and free from defects, waves, scratches, cuts, dents, ridges, 
holes, warp, and buckle.  Provide molded members that are clean cut, 
straight, and true, with joints coped or mitered, well formed, and in true 
alignment.  Dress exposed welded and soldered joints smooth.  Design door 
frame sections for use with the wall construction indicated.  Corner 
joints must be well formed and in true alignment.  Conceal fastenings 
where practicable.

2.9.1   Grouted Frames

For frames to be installed in exterior walls and to be filled with mortar 
or grout, fill the stops with strips of rigid insulation to keep the grout 
out of the stops and to facilitate installation of stop-applied head and 
jamb seals.

2.10   PROVISIONS FOR GLAZING

Materials are specified in Section 08 81 00 , GLAZING.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Frames

Set frames in accordance with SDI/DOOR A250.11 .  Plumb, align, and brace 
securely until permanent anchors are set.  Anchor bottoms of frames with 
expansion bolts or powder-actuated fasteners.  Build in or secure wall 
anchors to adjoining construction. For frames in exterior walls, ensure 
that stops are filled with rigid insulation before grout is placed.

3.1.2   Doors

Hang doors in accordance with clearances specified in SDI/DOOR A250.8 .  
After erection and glazing, clean and adjust hardware.
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3.1.3   Fire Doors and Frames

Install fire doors and frames, including hardware, in accordance with 
NFPA 80 .

3.2   PROTECTION

Protect doors and frames from damage.  Repair damaged doors and frames 
prior to completion and acceptance of the project or replace with new, as 
directed.  Wire brush rusted frames until rust is removed.  Clean 
thoroughly.  Apply an all-over coat of rust-inhibitive paint of the same 
type used for shop coat.

3.3   CLEANING

Upon completion, clean exposed surfaces of doors and frames thoroughly.  
Remove mastic smears and other unsightly marks.

        -- End of Section --
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SECTION 08 14 00

WOOD DOORS
08/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

AMERICAN FOREST FOUNDATION (AFF)

ATFS STANDARDS (2015) American Tree Farm System Standards 
of Sustainability 2015-2020

ASTM INTERNATIONAL (ASTM)

ASTM E2226 (2015; R 2019b) Standard Practice for 
Application of Hose Stream

CSA GROUP (CSA)

CSA Z809-08 (R2013) Sustainable Forest Management

FOREST STEWARDSHIP COUNCIL (FSC)

FSC STD 01 001 (2015) Principles and Criteria for Forest 
Stewardship

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 80 (2016; TIA 16-1) Standard for Fire Doors 
and Other Opening Protectives

NFPA 252 (2017) Standard Methods of Fire Tests of 
Door Assemblies

PROGRAMME FOR ENDORSEMENT OF FOREST CERTIFICATION (PEFC)

PEFC ST 2002:2013 (2015) PEFC International Standard Chain 
of Custody of Forest Based Products 
Requirements

SUSTAINABLE FOREST INITIATIVE (SFI)

SFI 2015-2019 (2015) Standards, Rules for Label Use, 
Procedures and Guidance

UNDERWRITERS LABORATORIES (UL)

UL 10B (2008; Reprint Feb 2015) Fire Tests of 
Door Assemblies
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WINDOW AND DOOR MANUFACTURERS ASSOCIATION (WDMA)

ANSI/WDMA I.S.1A (2013) Interior Architectural Wood Flush 
Doors

ANSI/WDMA I.S.6A (2013) Interior Architectural Stile and 
Rail Doors

WOODWORK INSTITUTE (WI)

NAAWS 3.1 (2017; 2018 Errata Edition) North American 
Architectural Woodwork Standards

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Doors ; G

Submit drawings or catalog data showing each type of door unit ; 
include descriptive data of head and jamb weatherstripping with 
installation instructions.  Indicate within drawings and data the 
door types and construction, sizes, thickness.

SD-03 Product Data

Doors ; G

Recycled Content for Door Cores ; S

Accessories

Sample Warranty

Fire Resistance Rating ; G

] SD-04 Samples

Doors

Prior to the delivery of wood doors, submit a sample section of 
each type of door which shows the stile, rail, veneer, finish, and 
core construction.

Door Finish Colors ; G

Submit a minimum of three color selection samples for selection by 
the Contracting Officer.

SD-06 Test Reports
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Cycle-Slam

Hinge Loading Resistance

Submit cycle-slam test report for doors tested in accordance with 
ANSI/WDMA I.S.1A , and hinge loading resistance test report for 
doors tested in accordance with ANSI/WDMA I.S.6A .

SD-07 Certificates

Certificates of Grade

Certified Sustainably Harvested Stile and Rail Wood Doors ; S

Certified Sustainably Harvested Flush Wood Doors ; S

Indoor Air Quality for Particleboard and Agrifiber Door Cores : S

SD-11 Closeout Submittals

Warranty

1.3   CERTIFICATIONS

1.3.1   Certified Wood Grades

Provide certificates of grade  from the grading agency on fire doors.

1.3.2   Certified Sustainably Harvested Wood

Provide wood certified as sustainably harvested by FSC STD 01 001 [, 
ATFS STANDARDS, CSA Z809-08 , SFI 2015-2019 , or other third party program 
certified by PEFC ST 2002:2013 ].  Provide a letter of Certification of 
Sustainably Harvested Wood signed by the wood supplier.  Identify 
certifying organization and their third party program name and indicate 
compliance with chain-of-custody program requirements.  Submit sustainable 
wood certification data; identify each certified product on a line item 
basis.  Submit copies of invoices bearing certification numbers.

1.3.3   Indoor Air Quality Certification

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver doors to the site in an undamaged condition and protect against 
damage and dampness.  Stack doors flat under cover.  Support on blocking, 
a minimum of  4 inch  thick, located at each end and at the midpoint of the 
door.  Store doors in a well-ventilated building so that they will not be 
exposed to excessive moisture, heat, dryness, direct sunlight, or extreme 
changes of temperature and humidity.

1.5   WARRANTY

Warrant doors free of defects as set forth in the door manufacturer's 
standard door warranty.
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PART 2   PRODUCTS

2.1   DOORS

Provide doors of the types, sizes, and designs indicated free of 
urea-formaldehyde resins.

2.1.1   Stile and Rail Doors

Premium or select stile and rail doors conforming to ANSI/WDMA I.S.6A .  
Furnish laminate panels in not less than three ply thickness.  Provide 
flat panels with a minimum finished panel thickness of  1/2 inch  and  3/4 
inch  thickness for raised panels.

2.1.2   Flush Doors

Conform to ANSI/WDMA I.S.1A  for flush doors.  Provide hollow core doors 
with lock blocks and  1 inch  minimum thickness hinge stile.  Hardwood stile 
edge bands of doors receives a natural finish, compatible with face 
veneer. Provide mill option for stile edge of doors scheduled to be 
painted.  No visible finger joints will be accepted in stile edge bands.  
When used, locate finger-joints under hardware.

2.1.2.1   Interior Flush Doors

Provide staved lumber core, Type II flush doors conforming to 
ANSI/WDMA I.S.1A  with faces of good grade natural birch.  Hardwood veneers 
must be rotary cut.

2.1.3   Fire Doors

Provide doors specified or indicated to have a fire resistance rating  
conforming to the requirements of UL 10B , ASTM E2226, or NFPA 252  for the 
class of door indicated.  Affix a permanent metal label with raised or 
incised markings indicating testing agency's name and approved hourly fire 
rating to hinge edge of each door.

2.2   ACCESSORIES

2.2.1   Door Light Openings

Provide glazed openings with the manufacturer's standard wood moldings.  
Provide moldings for doors to receive natural finish of the same wood 
species and color as the wood face veneers.  Provide moldings on the 
exterior doors with sloped surfaces.  

2.3   FABRICATION

2.3.1   Marking

Stamp each door with a brand, stamp, or other identifying mark indicating 
quality and construction of the door.

2.3.2   Quality and Construction

Identify the standard on which the construction of the door was based and 
identify doors having a Type I glue bond.
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2.3.3   Preservative Treatment

Treat doors scheduled for restrooms, janitor closets and other possible 
wet locations including exterior doors with a water-repellent preservative 
treatment and so marketed at the manufacturer's plant.

2.3.4   Adhesives and Bonds

ANSI/WDMA I.S.1A .  Use Type I bond for exterior doors and Type II bond for 
interior doors.  Provide a nonstaining adhesive on doors with a natural 
finish.

2.3.5   Finishes

2.3.5.1   Factory Finish

Provide doors finished at the factory by the door manufacturer as follows: 
[ NAAWS 3.1 Section 1500, specification for System No. 4 Conversion 
varnish alkyd urea or System No. 5 Vinyl catalyzed.][  WDMA System TR-8 
(UV cured acrylated polyester/urethane) or TR-2 (catalyzed lacquer) or 
TR-4 (conversion varnish) factory finish systems that utilize water-based 
stains and finishes with ultraviolet UV protection.]  The coating is 
NAAWS 3.1 premium, medium rubbed sheen, [open] [closed] grain effect.  Use 
stain when required to produce the finish specified for color.  Seal 
edges, cutouts, trim, and wood accessories, and apply two coats of finish 
compatible with the door face finish.  Touch-up finishes that are 
scratched or marred, or where exposed fastener holes are filled, in 
accordance with the door manufacturer's instructions.  Match color and 
sheen of factory finish using materials compatible for field application.

2.3.5.2   Color

Provide door finish colors  in accordance with Section 09 06 00  SCHEDULES 
FOR FINISHES.

2.4   SOURCE QUALITY CONTROL

Meet or exceed the following minimum performance criteria of stiles of "B" 
and "C" label fire doors utilizing standard mortise leaf hinges:

a.  Cycle-slam :  Standard Duty Doors: 250,000 cycles with no loose hinge 
screws or other visible signs of failure when tested in accordance 
with the requirements of ANSI/WDMA I.S.1A .

b.  Hinge loading resistance :  Averages of ten test samples not less than 
Standard Duty doors:  400 pounds  force.

PART 3   EXECUTION

3.1   INSTALLATION

Do not install building construction materials that show visual evidence 
of biological growth.

Before installation, seal top and bottom edges of doors with the approved 
water-resistant sealer. Seal cuts made on the job immediately after 
cutting using approved water-resistant sealer.  Fit, trim, and hang doors 
with a  1/16 inch  minimum,  1/8 inch  maximum clearance at sides and top, and 
a3/16 inch  minimum,  1/4 inch  maximum clearance over thresholds.  Provide  
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3/8 inch  minimum,  7/16 inch  maximum clearance at bottom where no threshold 
occurs.  Bevel edges of doors at the rate of  1/8 inch in 2 inch .  Door 
warp must not exceed  1/4 inch  when measured in accordance with 
ANSI/WDMA I.S.1A .

3.1.1   Fire Doors

Install fire doors in accordance with NFPA 80 .  Do not paint over labels.

        -- End of Section --
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SECTION 08 31 00

ACCESS DOORS AND PANELS
05/17

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2014) Standard Specification for Carbon 
Structural Steel

ASTM A653/A653M (2019) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A666 (2015) Standard Specification for Annealed 
or Cold-Worked Austenitic Stainless Steel 
Sheet, Strip, Plate and Flat Bar

ASTM A1008/A1008M (2016) Standard Specification for Steel, 
Sheet, Cold-Rolled, Carbon, Structural, 
High-Strength Low-Alloy, High-Strength 
Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardenable

MASTER PAINTERS INSTITUTE (MPI)

MPI 79 (2012) Primer, Alkyd, Anti-Corrosive for 
Metal

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 80 (2016; TIA 16-1) Standard for Fire Doors 
and Other Opening Protectives

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:
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SD-02 Shop Drawings

Access Doors And Panels ; G

SD-03 Product Data

Access Doors And Panels ; G

Hardware  Including Locks and Keys; G

Accessories ; G

Power Transfer Components ; G

Recycled Content ; S

SD-04 Samples

Finishes ; G

SD-06 Test Reports

Fire-rating(s) of Assemblies ; G

Acoustical Ratings of Assemblies ; G

1.3   MISCELLANEOUS REQUIREMENTS

For access doors and panels  provide the following:

1.3.1   Shop Drawings

For field assembled access doors and panels, provide plans, elevations, 
sections, and details for each type of access door and panel assembly.  
Indicate frame, surface and edge construction, materials, and 
accessories.  Indicate types of finished surfaces and details for panel 
edge conditions.  Provide a door schedule with a unique number for each 
access door and panel, specific location in the project, location of 
hinges and hardware for each door.

1.3.2   Product Data

For shop assembled access doors and panels, provide literature indicating 
sizes, types, frame and edge construction, finishes, hardware , accessories 
such as gaskets, seals and weatherstripping, and location of each door and 
panel in the project.    Provide details of adjoining work for each 
condition indicated.

1.3.3   Finish Samples

Submit two color charts from manufacturer's standard color and finish 
options for each type of frame and panel assembly finish indicated.

1.4   PERFORMANCE REQUIREMENTS

1.4.1   Structural Requirements

Provide floor access assemblies to support live loads indicated for 
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floors.  Deflection must not exceed 1/180 of span.

1.5   DELIVERY, STORAGE, AND PROTECTION

Protect from corrosion, deformation, and other types of damage.  Store 
items in an enclosed area free from contact with soil and weather. Remove 
and replace damaged items with new items.

PART 2   PRODUCTS

2.1   RECYCLED CONTENT

Provide products with recycled content.  Provide data for each product 
with recycled content, identifying percentage of recycled content.

2.2   MATERIALS

2.2.1   Steel Plates, Shapes, and Bars

Provide in accordance with ASTM A36/A36M.

2.2.2   Sheet Steel

Provide cold rolled steel sheet substrate in accordance with 
ASTM A1008/A1008M , Commercial Steel (CS), exposed.

2.2.3   Stainless Steel 

Provide in accordance with ASTM A666, type 302 or 304.

2.2.4   Metallic Coated Steel Sheet

Provide in accordance with ASTM A653/A653M , Commercial Steel (CS), Type B; 
with minimum G60 (Z180) or A60 (ZF180) metallic coating.

2.2.5   Hardware

Provide automatic closing devices.  Provide latch releases operable from 
insides of doors.

2.2.6   Hinges

Provide concealed spring hinges, 175 degrees of opening, with removable 
hinge pins.  Provide hinges of same steel as door and frame or in 
accordance with manufacturer's written recommendations.  If providing 
non-continuous hinges, provide in numbers required to maintain alignment 
of door panel with frame.  Provide coatings as necessary to permanently 
protect dissimilar metals from contact with one another; see Part 3 herein 
for more information.

2.2.7   Locks

Unless otherwise indicated, provide flush screwdriver operated cam lock.  
Provide plastic sleeve or stainless steel bushings to protect holes in 
surface finishes for screwdriver to access lock.

2.2.8   Accessories

Provide anchors in size, number and location on four sides to secure 
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access door to substrate.  Provide anchors in types as recommended by 
manufacturer's written installation instructions for each substrate 
indicated.  Provide shims, bushings, clips, gaskets, and other devices as 
necessary for a complete installation.

2.3   FABRICATION

2.3.1   Thickness, Size, Edges

Fabricate frames for access doors of steel not lighter than 16 gage with 
welded joints and anchorage for securing to adjacent construction.  
Provide doors a minimum of  30 by 30 inches  and of not lighter than 16 gage 
steel, with stiffened edges and welded attachments.  Provide with eased 
(lightly rounded) edges, without burrs, snags or sharpness and exposed 
welds ground smooth.

2.3.2   Welding

Provide in accordance with AWS D1.1/D1.1M .

2.4   ACCESS ASSEMBLY TYPES

Unless indicated otherwise, provide flush-face steel access doors and 
panels with steel frames and flanges.

2.4.1   Fire-rated Doors

2.4.1.1   Door Panel and Frame

Steel sheet, with mineral fiber insulation core, insulated sandwich type 
construction.

2.5   FINISHES

Field paint frames and panels to match wall and ceiling surfaces in which 
they occur. Provide exposed fastenings that approximately match the color 
and finish of the each material to which fastenings are applied.

PART 3   EXECUTION

3.1   PREPARATION

Field verify all measurements prior to fabrication.  Verify access door 
locations and sizes provide required maintenance access to installed 
building services components.  Protect existing construction and completed 
work from damage during installation.

3.2   GENERAL INSTALLATION REQUIREMENTS

Install items at locations indicated, in accordance with manufacturer's 
written instructions.  Include materials and parts as necessary for a 
complete installation of each item.  Conceal fastenings where 
practicable.  Poor matching of holes to fasteners is cause for rejection 
of the work.

3.3   ACCESS LOCATIONS

Install removable access panels directly below each valve, flow indicator, 
damper, air splitter or other utility requiring access that is located 
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above ceilings, other than at acoustical panel ceilings, and that would 
otherwise not be accessible.  Install access doors and panels permitting 
access to service valves, traps, dampers, cleanouts, and other mechanical, 
electrical and conveyor control items concealed in walls and partitions.

3.4   ACCESS LOCATIONS IN WET AREAS

When possible, avoid locating access panels in wet areas.  When such 
locations cannot be avoided, provide moisture resistant assemblies as 
indicated in Part I herein.

3.5   RECESSED ACCESS DOORS

Install fire-rated access doors in fire-rated partitions and ceilings in 
accordance with NFPA 80 .

3.6   FIELD PAINTING

Field painting primed access doors in accordance with the requirements of 
Section 09 90 00  PAINTS AND COATINGS.

3.7   DISSIMILAR MATERIALS

Where dissimilar metals are in contact, protect surfaces with a coating in 
accordance with MPI 79  to prevent galvanic or corrosive action.

3.8   ADJUSTMENT

Adjust hardware so that door panel opens freely.  Adjust door when closed 
center door panel in frame.

3.9   ENVIRONMENTAL CONDITIONS

Do not paint surfaces when damp or exposed to weather, when surface 
temperature is below  45 degrees F or over 95 degrees F , unless approved by 
the Contracting Officer.

        -- End of Section --
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SECTION 08 41 13

ALUMINUM-FRAMED ENTRANCES AND STOREFRONTS
08/18

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)

AAMA 501 (2015) Methods of Test for Exterior Walls

AAMA 611 (2014) Voluntary Specification for 
Anodized Architectural Aluminum

AAMA 800 (2016) Voluntary Specifications and Test 
Methods for Sealants

AAMA 1503 (2009) Voluntary Test Method for Thermal 
Transmittance and Condensation Resistance 
of Windows, Doors and Glazed Wall Sections

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7 (2017) Minimum Design Loads for Buildings 
and Other Structures

ASTM INTERNATIONAL (ASTM)

ASTM B221 (2014) Standard Specification for Aluminum 
and Aluminum-Alloy Extruded Bars, Rods, 
Wire, Profiles, and Tubes

ASTM E283 (2004; R 2012) Determining the Rate of Air 
Leakage Through Exterior Windows, Curtain 
Walls, and Doors Under Specified Pressure 
Differences Across the Specimen

ASTM E330/E330M (2014) Structural Performance of Exterior 
Windows, Doors, Skylights and Curtain 
Walls by Uniform Static Air Pressure 
Difference

ASTM E331 (2000; R 2016) Standard Test Method for 
Water Penetration of Exterior Windows, 
Skylights, Doors, and Curtain Walls by 
Uniform Static Air Pressure Difference

ASTM E783 (2002; R 2018) Standard Test Method for 
Field Measurement of Air Leakage Through 
Installed Exterior Windows and Doors
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ASTM E1105 (2015) Standard Test Method for Field 
Determination of Water Penetration of 
Installed Exterior Windows, Skylights, 
Doors, and Curtain Walls, by Uniform or 
Cyclic Static Air Pressure Difference

ASTM E1424 (1991; R 2016) Standard Test Method for 
Determining the Rate of Air Leakage 
Through Exterior Windows, Curtain Walls, 
and Doors Under Specified Pressure and 
Temperature Differences Across the Specimen

ASTM E1996 (2017) Standard Specification for 
Performance of Exterior Windows, Curtain 
Walls, Doors, and Impact Protective 
Systems Impacted by Windborne Debris in 
Hurricanes

ASTM F1642/F1642M (2017) Standard Test Method for Glazing 
and Glazing Systems Subject to Airblast 
Loadings

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

ANSI/BHMA A156.4 (2013) Door Controls - Closers

ANSI/BHMA A156.10 (2017) Power Operated Pedestrian Doors

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2018) International Building Code

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS TT-P-645 (Rev C) Primer, Paint, Zinc-Molybdate, 
Alkyd Type

UNDERWRITERS LABORATORIES (UL)

UL 325 (2017) UL Standard for Safety Door, 
Drapery, Gate, Louver, and Window 
Operators and Systems

1.2   ADMINISTRATIVE REQUIREMENTS

1.2.1   Pre-Installation Meetings

Conduct a meeting before installation begins to verify the project 
requirements, substrate conditions, manufacturer's installation 
instructions, and manufacturer's warranty requirements.

Within 30 days of the Contract Award, submit the following for review and 
approval by the Contracting Officer:

a.  List of product installations

b.  Sample warranty

c.  Finish and color samples
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d.  Manufacturer's catalog data

Concurrently submit certified test reports  showing compliance with 
specified performance characteristics and UL 325  for the following:

a.  Wind Load (Resistance) in accordance with AAMA 501

b.  Deflection in accordance with ASTM F1642/F1642M

c.  Condensation Resistance and Thermal Transmittance Performance 
Requirements in accordance with AAMA 1503

d.  Water Infiltration in accordance with ASTM E331

e.  Structural Requirements in accordance with ASTM F1642/F1642M

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Sample Warranty ; G

List of Product Installations ; G

SD-02 Shop Drawings

Installation Drawings ; G

Fabrication Drawings ; G

SD-03 Product Data

Manufacturer's Catalog Data ; G

Finish ; G

Recycled Content of Aluminum Material ; S

SD-04 Samples

Finish and Color Samples ; G

SD-06 Test Reports

Certified Test Reports ; G

Deflection

Air Infiltration
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Condensation Resistance and Thermal Transmittance

Water Infiltration

SD-08 Manufacturer's Instructions

Manufacturer's Instructions

SD-11 Closeout Submittals

Manufacturer's Product Warranty

1.4   QUALITY CONTROL

1.4.1   Qualifications

1.4.1.1   Installer Qualifications

Provide documentation of the installer's experience as determined by the 
Contractor in performing the work specified in this section.

Ensure that the installers are specialized in work similar to that 
required for this project, and that they are acceptable to product 
manufacturer.

1.4.1.2   Manufacturer Qualifications

Ensure that manufacturers meet the requirements specified in this section 
and project drawings.

Ensure that the manufacturer is capable of providing field service 
representation during construction, approving acceptable installers and 
approving application methods.

1.4.2   Single-Source Responsibility

When aluminum entrances are part of a building enclosure system, that 
includes storefront framing, windows, a curtain wall system, and related 
products, provide building enclosure system products from a single-source 
manufacturer.

Use a single source manufacturer with sole responsibility for providing 
design, structural engineering, and custom fabrication for door portal 
systems and for supplying components, materials, and products.  Do not use 
products provided from numerous sources for assembly at the site.  Ensure 
that the following work items and components are fabricated or supplied by 
a single source are:

c.  Door operating hardware to be installed on or within door portals as 
specified in Section 08 71 00  DOOR HARDWARE.

d.  Glass as specified in Section 08 81 00  GLAZING.
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1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Ordering

To avoid construction delays, comply with the manufacturer's lead-time 
requirements and instructions for ordering.

1.5.2   Packing, Shipping, Handling and Unloading

Deliver materials in the manufacturer's original, unopened, undamaged 
containers with identification labels intact.

1.5.3   Storage and Protection

Store materials in a way that protects them from exposure to harmful 
weather conditions.  Avoid damaging the storefront material and components 
during handling.  Protect storefront material against damage from 
elements, construction activities, and other hazards before, during, and 
after storefront installation.

Do not use adhesive papers or sprayed coatings that become firmly bonded 
when exposed to sunlight.  Do not leave coating residue on surfaces.

1.6   PROJECT / SITE CONDITIONS

1.6.1   Field Measurements

Verify actual measurements or openings by taking field measurements before 
fabrication; record these measurements on shop drawings.  To avoid 
construction delays, coordinate field measurements, and fabrication 
schedule with construction progress.

1.7   WARRANTY

Provide a written manufacturer's warranty, executed by a company official, 
warranting against defects in materials and products for 2 years from the 
date of shipment.  Warrant that the door corner construction is for the 
life of the project.  [Provide a written installer's warranty, warranting 
work to be watertight and free from defective materials, defective 
workmanship, and glass breakage as a result of defective design, and 
agreeing to replace components that fail within 2 years.

The warranty states the following:

a.  Watertight and airtight system installation is completed within 
specified tolerances.

b.  The completed installation remains free of rattles, wind whistles and 
noise caused by thermal movement and wind pressure.

c.  System is structurally sound and free from distortion.

d.  Glass and glazing gaskets will not break or "pop" from frames as a 
result of design, wind load pressure, movement caused by expansion or 
contraction, or structural loading.

e.  Glazing sealants and gaskets remain free of abnormal deterioration or 
dislocation as a result of sunlight, weather, or oxidation.
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Provide a written thermal integrity warranty for 5 years from ship date 
against thermal barrier system failure resulting from the following:

a.  Longitudinal and transverse thermal barrier shrinkage.

b.  Thermal barrier cracking.

c.  Structural failure of the thermal barrier material.

d.  Loss of adhesion or loss of prescribed edge pressure on glazing 
material, resulting in excessive air and water infiltration.

]
PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide aluminum entrances, with glass and glazing, door hardware, and 
components.

Aluminum entrances include impact resistance entrances; medium stile,  3 
1/2 inch  vertical face dimension,  1 3/4 inch  depth, for interior 
structural silicone glaze, for high-traffic/impact-resistant applications.:

2.1.1   Design Requirements for Aluminum (Entrances and Components)

Provide a door portal system designed to withstand the following loads 
without breakage, loss, failure of seals, product deterioration, or other 
defects.

a.  Dead and Live Loads:  Determined by ASCE 7 and calculated in 
accordance with applicable codes.

b.  Seismic Loads:  Design and install the system to comply with the 
seismic requirements for the project location in accordance with 
Section 1613 of the International Building Code, ICC IBC .

c.  Wind Loads:  Design and install the system so that the effects of wind 
load acting inward and outward normal to the plane of the wall are in 
accordance with ASTM E330/E330M .

d.  Thermal Loads And Movement:

(1) Ambient Temperature Range:  120 degrees F

(2) Material Surfaces Range:  180 degrees F

e.  Water and Air Resistance:  Provide weatherstripping, exterior gaskets, 
sealants, and other accessories to resist water and air penetration.

f.  Impact-Protective Systems Provide an impact-protective system in 
accordance with ASTM E1996.

2.1.1.1   Material Standard

ASTM B221; 6063-T5 alloy and tempered.

Provide door stile and rail face dimensions of the entrance doors as 
follows:
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Vertical Stile Top Rail Bottom Rail

3-1/2 inches 3-1/2 inches 6-1/2 inches

Provide major portions of the door members at  0.125 inches  nominal in 
thickness and glazing molding at  0.050 inches  thick.

2.1.1.2   Recycled Content

Provide aluminum framed entrances and storefronts that have a minimum of 
20 percent recycled content based upon the aluminum billet used in the 
original material.  Provide data indicating percentage of recycled content 
of aluminum material .

2.1.1.3   Sealants

Provide either ethylene propylene diene monomer (EPDM) elastomeric 
extrusions or thermoplastic elastomer glazing gaskets.  Structural 
silicone sealant is required.

Internal Sealants:  Provide sealants that according to the manufacturer 
will remain permanently elastic, tacky, non-drying, non-migrating, and 
weather tight.

2.1.1.4   Thermal Barrier

Use a rigid, structural thermal barrier to separate all exterior aluminum 
from interior aluminum.  For purposes of this specification, a structural 
thermal barrier is defined as a system that transfers shear during bending 
and, therefore, promotes composite action between the exterior and 
interior extrusions.  Do not use a nonstructural thermal barrier.  Ensure 
that the thermal barrier provides a structural connection between the two 
sides of the door.

2.2   FABRICATION

Provide the following information when submitting fabrication drawings  for 
custom fabrications:

a.  Indicate elevations, detailed design, dimensions, member profiles, 
joint locations, arrangement of units, and member connections.

b.  Show the following items:

(1) Details of special shapes.

(2) Reinforcing.

(3) Anchorage system.

(4) Interfacing with building construction.

(5) Provisions for expansion and contraction.

(6) Thermal breaks.

c.  Indicate typical glazing details, locations of various types and 
thickness of glass and internal sealant requirements as recommended by 
the sealant manufacturer.
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d.  Clearly indicate locations of exposed fasteners and joints.

e.  Clearly show where and how the manufacturer's system deviates from 
Contract drawings and these specifications.

2.2.1   Entrance System Fabrication

Provide door corner construction consisting of mechanical clip fastening, 
SIGMA deep penetration plug welds and  1 1/8 inch  long fillet welds inside 
and outside all four corners.  Provide a hook-in type exterior glazing 
stop with EPDM glazing gaskets reinforced with non-stretchable cord.  
Provide an interior glazing stop that is mechanically fastened to the door 
member and that incorporates a silicone-compatible spacer used with 
silicone sealant.

Accurately fit and secure joints and corners.  Make joints hairline in 
appearance.  Remove burrs and smooth edges.  Prepare components with 
internal reinforcement for door hardware.  Arrange fasteners and 
attachments so that they are concealed from view.

Separate dissimilar metals with protective coating or pre-formed 
separators to prevent contact and corrosion.

2.2.2   Shop Assembly

Fabricate and assemble units with joints only at the intersection of 
aluminum members with hairline joints; rigidly secure these units, and 
seal them in accordance with the manufacturer's recommendations.

2.2.2.1   Welding

Conceal welds on aluminum members in accordance with AWS recommendations 
or methods recommended by the manufacturer.  Members showing welding bloom 
or discoloration on finish or material distortion will be rejected by the 
Contacting Officer.

2.2.3   Finish

Before fabrication, clean the units and give them a (color) anodized finish
 AA-M-10-C22-A42.  The finish thickness is A42,  0.7 mil  or greater.

a.  Color Anodized:  Conforming to AA-M12C22A 41 and AAMA 611

Select and edit the following items for appropriate finish; delete types 
that do not apply.

(1) Architectural Class II

(2) Etched, medium matte

(3) dark bronze anodic coating,  0.7 mil  minimum thickness

2.2.4   Fabrication Tolerance

Fabricate and assemble units with joints only at intersection of aluminum 
members with hairline joints; rigidly secure these units, and seal them in 
accordance with the manufacturer's recommendations.
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Fabricate aluminum entrances in accordance with the entrance 
manufacturer's prescribed tolerances.

2.2.4.1   Material Cuts

Square to  1/32 inch  off square, over largest dimension; proportionate 
amount of  1/32 inch  on the two dimensions.

2.2.4.2   Maximum Offset at Consecutive Members

1/64 inch  in alignment between two consecutive members in line, end to end.

2.2.4.3   Maximum Offset at Glazing Pocket Corners

 1/64 inch  between framing members at glazing pocket corners.

2.2.4.4   Joints

Between adjacent members in same assembly:  Joints are hairline and square 
to the adjacent member.

2.2.4.5   Variation

In squaring diagonals for doors and fabricated assemblies:  1/16 inch .

2.2.4.6   Flatness

For doors and fabricated assemblies:  plus/minus 1/16 inch  of neutral plane.

2.3   MATERIALS

2.3.1   Sealants

Ensure that all sealants conform to AAMA 800.

2.3.2   Glass

Refer to Section 08 81 00  GLAZING.

2.4   ACCESSORIES

2.4.1   Fasteners

Provide stainless steel fasteners in areas where the fasteners are exposed.

Use non-corrosive and compatible fasteners with components being 
fastened.  Do not use exposed fasteners, except where unavoidable for 
application of hardware.

In areas where fasteners are not exposed, use aluminum, non-magnetic 
stainless steel, or other materials warranted by the manufacturer.

For exposed locations, provide countersunk Phillips head screws when items 
with a matching finish are fastened.  For concealed locations, provide the 
manufacturer's standard fasteners.

Provide nuts or washers that have been designed with a means to prevent 
disengagement; do not deform fastener threads.
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2.4.2   Perimeter Anchors

When steel anchors are used, provide insulation between steel material and 
aluminum material to prevent galvanic action.

2.4.2.1   Inserts and Anchorage Devices

Provide manufacturer's standard formed or fabricated assemblies, steel or 
aluminum, of shapes, plates, bars, or tubes.  Shop-coat steel assemblies 
after fabrication with an alkyd zinc chromate primer complying with 
FS TT-P-645 .

2.4.3   Standard Entrance Hardware

2.4.3.1   Weatherstripping

Equip meeting stiles on pairs of doors with an adjustable astragal using 
wool pile with a polymeric fin.

Provide door weatherstripping on a single-acting offset pivot or butt-hung 
door and frame (single or pairs) consisting of a thermoplastic elastomer 
weatherstripping on a tubular shape with a semi-rigid polymeric backing.

Provide sill-sweep strips:  Provide an EPDM blade gasket sweep strip in an 
aluminum extrusion applied to the interior exposed surface of the bottom 
rail with concealed fasteners.  (Provide as necessary to meet specified 
performance tests.)

2.4.3.2   Threshold

Provide an extruded aluminum threshold, one piece per door opening, with 
ribbed surface.

2.4.3.3   Offset Pivots

Provide the manufacturer's standard top and bottom pivots with one 
intermediate offset pivot.

2.4.3.4   Panic Device

Provide the manufacturer's recommended standard panic hardware.

2.4.3.5   Closer

Provide a surface closer in accordance with ANSI/BHMA A156.4 .

2.4.3.6   Cylinder(s)/Thumb-turn

Provide the manufacturer's recommended standard.

2.4.3.7   Cylinder Guard

Provide the manufacturer's recommended standard.
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PART 3   EXECUTION

3.1   EXAMINATION

3.1.1   Site Verification of Conditions

Verify that the condition of substrate previously installed under other 
sections is acceptable for product installation in accordance with the 
manufacturer's instructions. 

Verify that openings are sized to receive the storefront system and that 
the sill plate is level in accordance with the manufacturer's acceptable 
tolerances.

3.2   PREPARATION

Field-verify dimensions before fabricating components for the door portal 
assembly.

Coordinate requirements for locations of blockouts for anchorage of door 
portal columns and other embedded components with Section 03 30 00  
CAST-IN-PLACE CONCRETE.

Coordinate the erection of door portal with installation of surrounding 
glass wall and door assemblies.  Ensure that the door portals can provide 
support and anchorage for assembly components.

Coordinate electrical requirements for [automatic door 
assemblies][electrified door hardware] to ensure proper power source, 
conduit, wiring, and boxes.

3.2.1   Adjacent Surfaces Protection

Protect adjacent work areas and finish surfaces from damage during product 
installation.

3.2.2   Aluminum Surface Protection

Protect aluminum surfaces from contact with lime, mortar, cement, acids, 
and other harmful contaminants.

3.3   INSTALLATION

Submit installation drawings  for review and approval.

Install the entrance system in accordance with the manufacturer's 
instructions  and the AAMA storefront and entrance guide specifications 
manual.  Attach the entrance system to the structure, allowing it to be 
adjusted to accommodate construction tolerances and other irregularities.  
Provide alignment attachments and shims to permanently fasten the system 
to the building structure.  Align the assembly so that it is plumb and 
level, and free of warp and twist.  Maintain assembly dimensional 
tolerances aligning with adjacent work.

Set thresholds in a bed of mastic and secure the thresholds.  Protect 
aluminum members in contact with masonry, steel, concrete, or dissimilar 
materials using nylon pads or a bituminous coating.  Shim and brace the 
aluminum system before anchoring the system to the structure.  Verify that 
weep holes are open, and the metal joints are sealed in accordance with 
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the manufacturer's installation instructions.  Seal metal-to-metal joints 
using a sealant recommended by the system manufacturer.

3.3.1   Tolerances

Ensure that tolerances for wall thickness and other cross-sectional 
dimensions of entrance members are nominal and in compliance with Aluminum 
Standards and Data, published by the Aluminum Association.

3.3.2   Adjusting

Adjust operating hardware for smooth operation, and as recommended by the 
manufacturer.

3.3.3   Related Products Installation Requirements

3.3.3.1   Sealants (Perimeter)

Refer to Section 07 92 00  JOINT SEALANTS.

3.3.3.2   Glass

Refer to Section 08 81 00  GLAZING.

3.4   FIELD QUALITY CONTROL

3.4.1   Air Infiltration

Test air infiltration in accordance with ASTM E783

Submit certified test reports showing compliance with specified 
performance characteristics as follows:

a.  For single-acting offset pivot, butt hung, or continuous geared hinge 
entrances in the closed and locked position, test the specimen in 
accordance with ANSI/BHMA A156.10 , and ASTM E283 at a pressure 
differential of  1.57 psf  for pairs of doors; ensure that maximum 
infiltration for a pair of  7 foot by 8 foot  entrance doors and frame is
 1.2 cfm/square foot .

b.  Ensure the maximum allowable infiltration for a completed storefront 
system does not exceed  0.06 cfm/square foot  when tested in accordance 
with ASTM E1424 at a differential static pressure of  6.24 psf .

3.4.2   Wind Loads

Provide a completed storefront system capable of withstanding wind 
pressure loads, normal to the wall plane indicated, as follows:

a.  Exterior Walls

(1) Positive Pressure:  22 psf

(2) Negative Pressure:  42 psf

b.  Interior Walls: (pressure acting in either direction)  5 psf

SECTION 08 41 13  Page 14
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3.4.3   Deflection

Submit certified test reports showing that the maximum allowable 
deflection in a member when tested in accordance with ASTM E330/E330M  with 
allowable stress is L/175 or  3/4 inches  maximum.

3.4.4   Condensation Resistance and Thermal Transmittance

Submit certified test reports showing compliance with specified 
performance characteristics as follows:

a.  U-Value Requirements:

(1) Perform test in accordance with the AAMA 1503 procedure and on the 
configuration specified therein.

(2) Thermal Transmittance ("U" Value) maximum  0.65 (6250) 
BTU/hr/sf/deg F at 15 mph  exterior wind.

b.  CRF Class Requirements:

(1) Perform a test in accordance with AAMA 1503.

(2) Condensation Resistance Factor Requirements (CRF) minimum [_____].

3.4.5   Water Infiltration

Submit certified test reports showing that the system is designed to 
provide no uncontrolled water when tested in accordance with ASTM E1105 at 
a static pressure of  8 psf .

3.5   ADJUSTING AND CLEANING

3.5.1   Protection

Protect the installed product's finish surfaces from damage during 
construction.  Protect the aluminum storefront system from damage from 
grinding and polishing compounds, plaster, lime, acid, cement, or other 
harmful contaminants.

3.5.2   Cleaning

Repair or replace damaged installed products.  Clean installed products in 
accordance with manufacturer's instructions before acceptance remove 
excess mastic, mastic smears, and other foreign materials.  Remove 
construction debris from the project site and legally dispose of this 
debris.

3.6   WARRANTY

Submit three signed copies of the manufacturer's product warranty  for the 
entrance system as follows:

a.  Warranty Period:  Five years from Date of Substantial Completion of 
the project, provided that the Limited Warranty begins no later than 
six months from the date of shipment by the manufacturer.  In 
addition, support welded door corner construction with a limited 
lifetime warranty for the life of the door under normal use.

SECTION 08 41 13  Page 15
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Ensure that the Warranty's language is identical to the "As Approved" 
version of the sample warranty submitted to and returned from the 
Contracting Officer.

        -- End of Section --
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SECTION 08 71 00 

DOOR HARDWARE 

 

PART 1 GENERAL 

 

1.1 REFERENCES 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM E283 (2004; R 2012) Determining the Rate of Air 

Leakage Through Exterior Windows, Curtain 

Walls, and Doors Under Specified Pressure 

Differences Across the Specimen 

 

ASTM F883 
 

BUILDERS 

 
 

HARDWARE 

(2013) 
 

MANUFACTURERS 

Padlocks 
 

ASSOCIATION (BHMA) 

ANSI/BHMA A156.1 
 

(2016) Butts and Hinges 

ANSI/BHMA A156.2 
 

(2017) 

Latches

Bored and Preassembled Locks and 

ANSI/BHMA A156.3 
 

(2014) Exit Devices 

ANSI/BHMA A156.4 
 

(2013) Door Controls - Closers 

ANSI/BHMA A156.5 
 

(2014) Cylinder and Input Devices for Locks 

ANSI/BHMA A156.6 
 

(2015) Architectural Door Trim 

ANSI/BHMA A156.7 
 

(2016) Template Hinge Dimensions 

ANSI/BHMA A156.8 
 

(2015) 

Holders

Door Controls - Overhead Stops and 

ANSI/BHMA A156.10 
 

(2017) Power Operated Pedestrian Doors 

ANSI/BHMA A156.12 
 

(2013) Interconnected Locks & Latches 

ANSI/BHMA A156.13 
 

(2017) Mortise Locks & Latches Series 1000 

ANSI/BHMA A156.14 
 

(2013) Sliding and Folding Door Hardware 

ANSI/BHMA A156.15 
 

(2015) 

Electro 

Release Devices Closer Holder, 

magnetic and Electromechanical 

ANSI/BHMA A156.16 
 

(2018) Auxiliary Hardware 

ANSI/BHMA A156.17 
 

(2019) Self-Closing Hinges & Pivots 
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ANSI/BHMA A156.18 (2016) Materials and Finishes 

 

ANSI/BHMA A156.19 (2013) Power Assist & Low Energy Power 

Operated Doors 

 

ANSI/BHMA A156.21 (2019) Thresholds 

 

ANSI/BHMA A156.22 (2017) Door Gasketing and Edge Seal Systems 

 

ANSI/BHMA A156.23 (2010) Electromagnetic Locks 

 

ANSI/BHMA A156.24 (2012) Delayed Egress Locking Systems 

 

ANSI/BHMA A156.25 (2013) Electrified Locking Devices 

 

ANSI/BHMA A156.26 (2012) Continuous Hinges 

 

ANSI/BHMA A156.27  (2011) Power and Manual Operated Revolving 

Pedestrian Doors 

 

ANSI/BHMA A156.29 (2012) Exit Locks, Exit Alarms, Alarms for 

Exit Devices 

 

ANSI/BHMA A156.30 (2014) High Security Cylinders 

 

ANSI/BHMA A156.31 (2013) Electric Strikes and Frame Mounted 

Actuators 

 

ANSI/BHMA A156.36 (2010) Auxiliary Locks 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 

TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 

TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 

TIA 17-11; TIA 17-12; TIA 17-13; TIA 

17-14; TIA 17-15; TIA 17-16; TIA 17-17 

National Electrical Code 
 

NFPA 72 (2019; TIA 19-1; ERTA 2019) National Fire 

Alarm and Signaling Code 
 

NFPA 80 (2016; TIA 16-1) Standard for Fire Doors 

and Other Opening Protectives 

 

NFPA 101 (2018; TIA 18-1; TIA 18-2; TIA 18-3) Life 

Safety Code 
 

NFPA 252 (2017) Standard Methods of Fire Tests of 

Door Assemblies 

 

STEEL DOOR INSTITUTE (SDI/DOOR) 

 

SDI/DOOR A250.8 (2003; R2008) Recommended Specifications 

for Standard Steel Doors and Frames 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 08 71 00 Page 3 

 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

36 CFR 1191 Americans with Disabilities Act (ADA) 

Accessibility Guidelines for Buildings and 

Facilities; Architectural Barriers Act 

(ABA) Accessibility Guidelines 

 

UNDERWRITERS LABORATORIES (UL) 

 

UL 14C (2006; Reprint Jul 2017) UL Standard for 

Safety Swinging Hardware for Standard 

Tin-Clad Fire Doors Mounted Singly and in 

Pairs 

 

UL Bld Mat Dir (updated continuously online) Building 

Materials Directory 

 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for Contractor Quality Control 

approval. When used, a designation following the "G" designation 

identifies the office that will review the submittal for the Government. 

Submittals with an "S" are for inclusion in the Sustainability eNotebook, 

in conformance with Section 01 33 29 SUSTAINABILITY REPORTING. Submit the 

following in accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

 

Manufacturer's Detail Drawings 

Verification of Existing Conditions 

Hardware Schedule 

Keying System 

SD-03 Product Data 

Hardware Items 

SD-08 Manufacturer's Instructions 

Installation 

SD-10 Operation and Maintenance Data 

Hardware Schedule 

SD-11 Closeout Submittals 

Key Bitting 

1.3 SHOP DRAWINGS 
 

Submit manufacturer's detail drawings indicating all hardware assembly 

components and interface with adjacent construction. Base shop 
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drawings on verified field measurements and include verification of 

existing conditions if applicable. 

 

1.4 PRODUCT DATA 

 

Indicate fire-ratings at applicable components. Provide documentation of 

ABA/ADA accessibility compliance of applicable components, as required by 

36 CFR 1191 Appendix D - Technical. 
 

1.5 HARDWARE SCHEDULE 

 

Prepare and submit hardware schedule in the following form: 

 

Hardware 

Item 

Quantity Size Reference 

Publi- 

cation 

Type No. 

Finish Mfr 

Name 

and 

Catalog 

No. 

Key 

Control 

Symbols 

UL 
Mark 

(If 

fire- 

rated 

and 

BHMA 
Finish 

Desig- 

nation 

       listed)  

 

In addition, submit hardware schedule data package 1 in accordance with 

Section 01 78 23 OPERATION AND MAINTENANCE DATA. 

 

1.6 KEY BITTING CHART REQUIREMENTS 

 

1.6.1 Requirements 

 

Submit key bitting charts to the Contracting Officer prior to completion 

of the work. Include: 

 

a. Complete listing of all keys (e.g. AA1 and AA2). 

 

b. Complete listing of all key cuts (AA1-123456, AA2-123458). 

 

c. Tabulation showing which key fits which door. 

 

d. Copy of floor plan showing doors and door numbers. 

 

e. Listing of 20 percent more key cuts than are presently required in 

each master system. 

 

1.7 QUALITY ASSURANCE 

 

1.7.1 Hardware Manufacturers and Modifications 

 

Provide, as far as feasible, locks, hinges, pivots, and closers of one 

lock, hinge, pivot, or closer manufacturer's make. Modify hardware as 

necessary to provide features indicated or specified. 

 

1.7.2 Key Shop Drawings Coordination Meeting 

 

Prior to the submission of the key shop drawing, the Contracting Officer, 

Contractor, Door Hardware Subcontractor, using Activity and Base Locksmith 

must meet to discuss and coordinate key requirements for the facility. 
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1.8 DELIVERY, STORAGE, AND HANDLING 

 

Deliver hardware in original individual containers, complete with 

necessary appurtenances including fasteners and instructions. Mark each 

individual container with item number as shown on hardware schedule. 

Deliver permanent keys and removable cores to the Contracting Officer, 

either directly or by certified mail. Deliver construction master keys 

with the locks. 

 

PART 2 PRODUCTS 

 

2.1 TEMPLATE HARDWARE 

 

Hardware applied to metal or to prefinished doors must be manufactured 

using a template. Provide templates to door and frame manufacturers in 

accordance with ANSI/BHMA A156.7 for template hinges. Coordinate hardware 

items to prevent interference with other hardware. 

 

2.2 HARDWARE FOR FIRE DOORS AND EXIT DOORS 

 

Provide all hardware necessary to meet the requirements of NFPA 72 for 

door alarms, NFPA 80 for fire doors, NFPA 101 for exit doors, NFPA 252 for 

fire tests of door assemblies, ABA/ADA accessibility requirements, and all 

other requirements indicated, even if such hardware is not specifically 

mentioned in paragraph HARDWARE SCHEDULE. Provide swinging hardware for 

tin-clad fire doors in accordance with UL 14C. Provide Underwriters 

Laboratories, Inc. labels for such hardware in accordance with UL Bld Mat 

Dir or equivalent labels in accordance with another testing laboratory 

approved in writing by the Contracting Officer. 
 

2.3 HARDWARE ITEMS 

 

Clearly and permanently mark with the manufacturer's name or trademark, 

hinges, pivots, locks, latches, exit devices, bolts and closers where the 

identifying mark is visible after the item is installed.  For closers with 

covers, the name or trademark may be beneath the cover. Coordinate 

electrified door hardware components with corresponding components 

specified in Division 28 ELECTRONIC SECURITY SYSTEMS (ESS). 
 

2.3.1 Hinges 

 

Provide in accordance with ANSI/BHMA A156.1. Provide hinges that are 

4-1/2 by 4-1/2 inch unless otherwise indicated. Construct loose pin 

hinges for interior doors and reverse-bevel exterior doors so that pins 

are non-removable when door is closed. Other anti-friction bearing hinges 

may be provided in lieu of ball bearing hinges. 

 

2.3.2 Continuous Hinges 

 

Where continuous hinges are required, provide in accordance with 

ANSI/BHMA A156.26. 
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2.3.3 Locks and Latches 

 

Provide in accordance with ANSI/BHMA A156.2, Series 4000, Operational 

Grade 1. Locks shall be Yale model 5407-LN, 626 finish, with 2-3/4” 

backset and Augusta levers that accept ASSA removable core or Yale 595-95 

with 1210. Provide trim of wrought construction and commercial plain 

design. 

 

2.3.4 Exit Devices 

 

Provide in accordance with ANSI/BHMA A156.3, Grade 1. Provide adjustable 

strikes for rim type and vertical rod devices. Provide open back strikes 

for pairs of doors with mortise and vertical rod devices. Provide touch 

bars in lieu of conventional crossbars and arms. Provide escutcheons not 

less than 7 by 2-1/4 inch. 

 

Use stainless steel or bronze base metal with plated finishes. Also 

include stainless steel fasteners and screws. 

 

2.3.5 Cylinders and Cores 

 

Provide cylinders and cores for new locks, including locks provided under 

other sections of this specification. Provide cylinders and cores with six 

pin tumblers. Provide cylinders from the products of one manufacturer, and 

provide cores from the products of one manufacturer. Rim cylinders, 

mortise cylinders, and knobs of bored locksets have interchangeable cores 

which are removable by special control keys. Stamp each interchangeable 

core with a key control symbol in a concealed place on the core. 
 

2.3.5.1 High Security Cylinders 

 

Provide in accordance with ANSI/BHMA A156.30 for all high security cylinder 

components. 

 

2.3.6 Electrified Hardware 

 

Comply with the requirements of NFPA 70 for wiring of electrified hardware. 

 

2.3.6.1 Electric Strikes and Frame Mounted Actuators 

 

Provide in accordance with ANSI/BHMA A156.31, Grade 1. Provide electric 

strikes and actuators as required to meet operational requirements. 

Provide electric strikes that remain secure during power failure. Provide 

a separate power supply for electric strikes, other locking devices and 

ancillary parts. Provide strikes and actuators with a minimum opening 

force of 2300 pounds. 

 

Provide facility interface devices that use direct current (dc) power to 

energize the solenoids. Provide electric strikes and actuators that 

incorporate end-of-line resistors to facilitate line supervision by the 

system. If not incorporated into the electric strike or local controller, 

provide metal oxide resistors (MOVs) to protect the controller from 

reverse current surges. 

 

2.3.6.1.1 Solenoid 

 

Provide actuating solenoid for strikes and actuators that are rated for 

continuous duty, cannot dissipate more than 12 Watts and must operate on 

12- or 24-Volts dc. Inrush current cannot exceed 1 ampere and the holding 

current cannot be greater than 500 milliamperes. Actuating solenoid must 
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move from fully secure to fully open positions in less than 500 

milliseconds. 

 

2.3.6.1.2 Signal Switches 

 

Provide strikes and actuators with signal switches to indicate to the 

system when the bolt is not engaged or the strike mechanism is unlocked. 

Signal switches must report a forced entry to the system. 

 

2.3.6.1.3 Tamper Resistance 

 

Provide strike guards that prevent tampering with the latch bolt of the 

locking hardware or the latch bolt keeper of the electric strike. Strike 

guards to bolt through the door using tamper resistant screws. Provide 

strike guards made of 1/8-inch-thick brass and that are 11-1/14-inch-high 

by 1-5/8-inch-wide, with a minimum 5/32-inch-wide offset. 

 

2.3.6.1.4 Coordination 

 

Provide electric strikes and actuators of a size, weight and profile 

compatible with each specified door frame. Field verify installation 

clearances prior to procurement. 

 

2.3.6.1.5 Mounting Method 

 

Provide electric strikes and actuators suitable for use with single and 
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double doors, with mortise or rim type hardware specified, and for right 

or left hand mounting as specified. In double door installations, locate 

the lock in the active leaf and monitor the fixed leaf. 

 

2.3.7 Electrified Exit Devices 

 

Provide in accordance with ANSI/BHMA A156.25, Grade 1. Provide 

electrified mortise locks that remain secure during power failure. 

Provide facility interface devices that use dc power to energize 

solenoids. Provide solenoids, resisters, and signal switches in 

accordance with paragraph ELECTRIC STRIKES AND FRAME MOUNTED 

ACTUATORS. 
 

2.3.8 Power Transfer Hinges 

 

Provide power transfer hinges with each electrified lock that route power 

and monitoring signals from the lockset to the door frame. Coordinate 

power transfer hinges with door frames. 

 

2.3.9 Keying System 

 

Master keying shall be ASSA V-80600 or Yale 595-95 with 1210 removable 

cores as deirected. All cores and keys will be purchased by the 

contractor but must be shipped either through Clark Security Products or 

directly to HAFB Lock Shop. A key schedule and plan are required. The 

purchasing contractor must allow 6 weeks for shipment. All cores will be 

combinated by the base lock shop. All locks will be grand master keyed 

into the base system and shall be sub mastered by the BCE locksmith. 

 

2.3.9.1 Lever Handles 

 

Provide lever handles in accordance with ANSI/BHMA A156.3 for mortise 

locks of lever handles for exit devices. Provide lever handle locks with a 

breakaway feature (such as a weakened spindle or a shear key) to prevent 

irreparable damage to the lock when force in excess of that specified in 

ANSI/BHMA A156.13 is applied to the lever handle. Provide lever handles 

return to within 1/2 inch of the door face. 
 

2.3.10 Keys 

 

Provide seven change keys for each interchangeable core, provide two 

control keys, six maters keys, and six construction master keys. Provide a 

quantity of key blanks equal to 20 percent of the total number of change 

keys. Stamp each key with appropriate key control symbol and "U.S. 

property - do not duplicate." Do not place room numbers on keys. 

 

2.3.11 Door Bolts 

 

Provide in accordance with ANSI/BHMA A156.16. Provide dustproof strikes 

for bottom bolts, except at doors having metal thresholds. Provide 

automatic latching flush bolts in accordance with ANSI/BHMA A156.3, Type 

25. 

2.3.12 Closers 

 

Provide in accordance with ANSI/BHMA A156.4, Series C02000, Grade 1, with 

PT 4C. Provide with brackets, arms, mounting devices, fasteners, full 

size covers, drop plates and other features necessary for the particular 

application. Size closers in accordance with manufacturer's printed 

recommendations, or provide multi-size closers, Sizes 1 through 6, and 

list sizes in the Hardware Schedule. Provide manufacturer's 10-year 
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minimum warranty. 

 

2.3.12.1 Identification Marking 

 

Engrave each closer with manufacturer's name or trademark, date of 

manufacture, and manufacturer's size designation in locations that will 

be visible after installation. 

 

2.3.13 Overhead Holders 

 

Provide in accordance with ANSI/BHMA A156.8. 

 

2.3.14 Door Protection Plates 

 

Provide in accordance with ANSI/BHMA A156.6. 

 

2.3.14.1 Sizes of Armor, Mop and Kick Plates 

 

2-inch less than door width for single doors; 1 inch less than door width 

for pairs of doors. Provide 10-inch kick plates for flush doors 

 

2.3.15 Door Stops and Silencers 

 

Provide in accordance with ANSI/BHMA A156.16. Silencers Type L03011. 

Provide three silencers for each single door, two for each pair. 

 

2.3.16 Thresholds 

 

Provide in accordance with ANSI/BHMA A156.21. Use J35100, with vinyl or 

silicone rubber insert in face of stop, for exterior doors opening out, 

unless specified otherwise. 
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2.3.17 Weatherstripping Gasketing 

 

Provide in accordance with ANSI/BHMA A156.22. Provide the type and 

function designation where specified in paragraph HARDWARE SCHEDULE. 

Provide a set to include head and jamb seals, sweep strips, and, for 

pairs of doors, astragals. Air leakage of weatherstripped doors not to 

exceed 1.25 cubic feet per minute of air per square foot of door area 

when tested in accordance with ASTM E283. Provide weatherstripping with 

one of the following: 
 

2.3.17.1 Extruded Aluminum Retainers 

 

Extruded aluminum retainers not less than 0.050-inch wall thickness with 

vinyl, neoprene, silicone rubber, or polyurethane inserts. Provide clear 

anodized aluminum. 

 

2.3.18 Rain Drips 

 

Provide in accordance with ANSI/BHMA A156.22. Provide extruded aluminum 

rain drips, not less than 0.08-inch-thick, clear anodized finish. Provide 

the manufacturer's full range of color choices to the Contracting Officer 

for color selection. Provide rain drips with a 4-inch overlap on each 

side of each exterior door that is not protected by an awning, roof, eave 

or other horizontal projection. Set drips in sealant and fasten with 

stainless steel screws. 

2.3.19 Auxiliary Hardware (Other than locks) 

 

Provide in accordance with ANSI/BHMA A156.16, Grade 1. 

 

2.3.20 Special Tools 

 

Provide special tools, such as spanner and socket wrenches and dogging 

keys, as required to service and adjust hardware items. 

 

2.4 FASTENERS 

 

Provide fasteners of type, quality, size, and quantity appropriate to the 

specific application. Fastener finish to match hardware. Provide 

stainless steel or nonferrous metal fasteners in locations exposed to 

weather. Verify metals in contact with one another are compatible and 

will avoid galvanic corrosion when exposed to weather. 

 

2.5 FINISHES 

 

Provide in accordance with ANSI/BHMA A156.18. Provide hardware in BHMA 

630 finish (satin stainless steel), unless specified otherwise. Provide 

items not manufactured in stainless steel in BHMA 626 finish satin 

chromium plated over brass or bronze, except aluminum paint finish for 

surface door closers, and except BHMA 652 finish satin chromium plated) 

for steel hinges. Provide hinges for exterior doors in stainless steel 

with BHMA 630 finish. Furnish exit devices in BHMA 630 finish. Match 

exposed parts of concealed closers to lock and door trim. Match hardware 

finish for aluminum doors to the doors. 
 

2.6 KEY CABINET AND CONTROL SYSTEM 

 

Provide in accordance with ANSI/BHMA A156.5, E8351 (150 hooks) Type 

required to yield a capacity (number of hooks) 50 percent greater than 

the number of key changes used for door locks. 
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PART 3 EXECUTION 

 

3.1 INSTALLATION 

 

Provide hardware in accordance with manufacturers' printed installation 

instructions. Fasten hardware to wood surfaces with full-threaded wood 

screws or sheet metal screws. Provide machine screws set in expansion 

shields for fastening hardware to solid concrete and masonry surfaces. 

Provide toggle bolts where required for fastening to hollow core 

construction. Provide through bolts where necessary for satisfactory 

installation. 
 

3.1.1 Weatherstripping Installation 

 

Provide full contact, weathertight seals that allow operation of doors 

without binding the weatherstripping. 

 

3.1.1.1 Stop Applied Weatherstripping 

 

Fasten in place with color matched sheet metal screws not more than 9 inch 

on center after doors and frames have been finish painted. 

 

3.1.2 Threshold Installation 
 

Extend thresholds the full width of the opening and notch end for jamb 

stops. Set thresholds in a full bed of sealant and anchor to floor with 

stainless steel, countersunk, screws in expansion sleeves. For aluminum 

thresholds placed on top of concrete surfaces, coat the underside surfaces 

that are in contact with the concrete with fluid applied waterproofing as 

a separation measure prior to placement. 
 

3.2 FIRE DOORS AND EXIT DOORS 

 

Provide hardware in accordance with NFPA 72 for door alarms, NFPA 80 for 

fire doors, NFPA 101 for exit doors, and NFPA 252 for fire tests of door 

assemblies. 

 

3.3 HARDWARE LOCATIONS 

 

Provide in accordance with SDI/DOOR A250.8, unless indicated or specified 

otherwise. 

 

a. Kick and Armor Plates: Push side of single-acting doors. Both sides 

of double-acting doors. 

b. Mop Plates: Bottom flush with bottom of door. 

 

3.4 KEY CABINET AND CONTROL SYSTEM 

 

Locate where directed. Tag one set of file keys and one set of duplicate 

keys. Place other keys in appropriately marked envelopes, or tag each key. 

Provide complete instructions for setup and use of key control system. On 

tags and envelopes, indicate door and room numbers or master or grand 

master key. 

 

3.5 FIELD QUALITY CONTROL 

 

After installation, protect hardware from paint, stains, blemishes, and 

other damage until acceptance of work. Submit notice of testing 15 days 

before scheduled, so that testing can be witnessed by the Contracting 
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Officer. Adjust hinges, locks, latches, bolts, holders, closers, and 

other items to operate properly. Demonstrate that permanent keys operate 

respective locks, and give keys to the Contracting Officer. Correct, 

repair, and finish, errors in cutting and fitting and damage to adjoining 

work. 

 

3.6 HARDWARE SETS 

 

Provide hardware for aluminum doors under this section. Deliver Hardware 

templates and hardware, except field applied hardware, to the aluminum 

door and frame manufacturer for use in fabricating doors and frames. 

 
Miscellaneous Hardware – supply the following in addition to specified items: 

 
4 Door Closers   C02021 PT4F, PT4H 689  

1 Knox Box   3200 Series  BLACK  

1 Key Cabinet 
Locate Knox 

 
box 

 
as 

AWC-150S 
directed. 

  Telkee 

 
SET #1 - Janitor 

 

Door: 138 

 
3 Hinges  A8112   652  

1 Lockset  F07   630 

1 Mortise Cylinder V80600-IC ASSA V10 626 ASSA 

1 Wall Bumper L02101 630 

3 Door Silencers L03011 GREY 

 
SET #2 - Entry ALUM 

 
Door: 130A    

2 Continuous Hinges A31031G 628 
 

1 Exit Device Type 6-03 CD 630  

1 Exit Device Type 6-01 CD 630  

2 Mortise Cylinders V80600-IC ASSA V10 626 ASSA 

1 Rim Cylinder E6551H-IC ASSA V10 626 ASSA  

2 Door Pulls J402 630   

2 Door Closers C02021 PT4F, PT4H 689   

2 Drop Plates As required 689   

2 Door Stops L02121 626   

2 Door Sweeps R0Y416    

1 Saddle Threshold J32120 
Devices must be dogged to allow personnel 

 
to access 

 
the card 

 
access 

vestibule opening. Perimeter and meeting stile gaskets by door 

manufacturer. Verify threshold application. 

 
SET #3 - Vestibule - Card Access   

Door: 130B 
  

4 Hinges A8111 652 

2 Electric Hinges A8111-12 Wire 652 

1 Removable Mullion Type 22 Key Removable 689 

1 Exit Device Type 1-03 E01 E04 630 

1 Exit Device Type 1-02 E01 E04 630 

1 Rim Cylinders E6551H-IC ASSA V10 626 ASSA 

2 Door Closers C02021 PT4F, PT4H 689  

2 Kick Plates J102 10x34 630  

2 Wall Bumpers 
1 Gasketing 

L02101 
R0E15 

630  
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1 Mullion Seal R0B00 

1 Power Supply RPSMLR2 

Card activation momentarily retracts latches and allows access. Card reader 

by security access. 

 

SET #4 - Mobility Shop - Card Access 

 

 

 

 

 

 

 
ASSA 

 

 

 

 

 

 
Card activation momentarily unlocks trim and allows access. Card reader by 

security access. 

 

SET #5 - Storage 

 
Door: 132  

6 Hinges A8112 
 

652 
 

2 Flush Bolts L04081  626  

1 Dustproof Strike L04011  630  

1 Lockset F07  630  

1 Mortise Cylinder V80600-IC ASSA V10 626 ASSA  

1 Wall Bumper L02101  630  

2 Door Stop L02141  626  

2 Door Silencers L03011  GREY  

 Inactive leaf for 

door manufacturer. 

movement of materials only. Astragal on inactive leaf by 

 
SET #6 - Assembly/Flight Shops - Card Access 

 

Doors: 136, 155 

3 Hinges A5111 630 

1 Exit Device Type 1-03 CD 630 

1 Mortise Cylinder V80600-IC ASSA V10 626 ASSA 

1 Rim Cylinder E6551H-IC ASSA V10 626 ASSA 

1 Electric Strike E09371 630 

1 Door Closer C02021 PT4F, PT4H 689 

1 Kick Plate J102 10x34 630 

1 Door Stop L02121 626 

1 Gasketing R3C163 

1 Door Sweep R0Y416 

1 Saddle Threshold J32120 

1 Power Supply RPSMLR2 

Card activation momentarily releases strike and allows access. Card reader 

by security access. Do not cut weatherstrip - template hardware 

accordingly. Verify threshold application. 

 

SET #7 - Restroom 

 

Doors: 137, 139 

3 Hinges A8112 652 

Door: 

 

4 

131 

 

Hinges 

 

 

A8111 

 

 

652 

2 Electric Hinges A8111-12 Wire 652 

1 Removable Mullion Type 22 Key Removable 689 

2 Exit Devices Type 1-03 E01 E06 630 

3 Rim Cylinders E6551H-IC ASSA V10 626 

2 Door Closers C02021 PT4F, PT4H 689 

2 Kick Plates J102 10x34 630 

2 Wall Bumpers L02101 630 

1 Gasketing R0E15  

1 Mullion Seal R0B00  

1 Power Supply RPSMLR2  
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1 Pull Plate J405 4x16  630  

1 Push Plate J301 4x16  630 

1 Kick Plate J102 10x34  630 

1 Mop Plate J102 6x35  630 

1 Door Closer C02011  689 

1 Wall Bumper L02101  630 

1 Gasketing R0E15   

SET #8 - Conference 
   

Doors: 140A, 140B 
   

3 Hinges A8112 
 

652 

1 Lockset F05  630 

1 Mortise Cylinder V80600-IC ASSA V10 626 ASSA 

1 Wall Bumper L02101  630  

1 Gasketing R0E15    

1 Auto Door Bottom R3C32    

SET #9 - Office 
    

Doors: 141, 142, 144, 145, 150, 151, 152, 153 
  

3 Hinges A8112 
 

652 
 

1 Lockset F04  630  

1 Mortise Cylinder V80600-IC ASSA V10 626 ASSA 

1 Wall Bumper L02101  630  

1 Coat Hook L03111  TR  

1 Gasketing R0E15    

SET #10 - Water Room 
 

Door: 143 
 

3 Hinges A5111 630 

1 Lockset F07 630 

1 Mortise Cylinder V80600-IC ASSA V10 626 ASSA 

1 Door Closer C02021 PT4F, PT4H 689 

1 Kick Plate J102 10x34 630 

1 Door Stop L02121 626 

1 Gasketing R3C163  

1 Door Sweep R0Y416  

1 Saddle Threshold J32120  

Do not cut weatherstrip - template hardware 

application. 

accordingly. Verify threshold 

SET #11 - Electrical 
 

Door: 148 
 

3 Hinges A8111 652 

1 Exit Device Type 1-03 LD 630 

1 Rim Cylinder E6551H-IC ASSA V10 626 ASSA 

1 Closer/Stop C02021 PT4F,H,G 689 Spring Stop 

1 Kick Plate J102 10x34 630 

1 Gasketing R0E15  

SET #12 - Comm Room 
 

Door: 149 
 

3 Hinges A8112 652 

1 Lockset F07 630 
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1 Mortise Cylinder  V80600-IC ASSA V10 626 ASSA 

1 Closer/Stop  C02021 PT4F,H,G 689 Spring Stop 

1 Kick Plate 

1 Gasketing 

 J102 10x34 

R0E15 

630  

SET #13 - Wellness 
    

Door: 156 
    

3 Hinges 
 

A8112 652 
 

1 Privacy Set  F02 VIN 630  

1 Door Closer  C02011 689  

1 Kick Plate  J102 10x34 630  

1 Wall Bumper 

1 Gasketing 

 L02101 

R0E15 

630  

-- End of Section -- 
   

 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 08 81 00 Page 1 

 

 

 

 

SECTION TABLE OF CONTENTS 

DIVISION 08 - OPENINGS 

SECTION 08 81 00 

GLAZING 

 

05/19 

 

 

PART 1 GENERAL 

 

1.1 REFERENCES 

1.2 SUBMITTALS 

1.3 SYSTEM DESCRIPTION 

1.4 QUALITY CONTROL 

1.5 DELIVERY, STORAGE, AND HANDLING 

1.6 ENVIRONMENTAL REQUIREMENTS 

1.7 WARRANTY 
1.7.1  Warranty for Insulated Glass Units 

PART 2 PRODUCTS 

2.1 PRODUCT SUSTAINABILITY CRITERIA 

2.2 GLASS 

2.2.1 Clear Glass 

2.2.2 Annealed Glass 

2.3 INSULATING GLASS UNITS 

2.4 SETTING AND SEALING MATERIALS 

2.4.1 Putty and Glazing Compound 

2.4.2 Glazing Compound 

2.4.3 Sealants 

2.4.3.1 Elastomeric Sealant 

2.4.4 Joint Backer 

2.4.5 Glazing Tapes 

2.4.5.1 Back-Bedding Mastic Glazing Tapes 

2.4.5.2 Expanded Cellular Glazing Tapes 

2.4.6 Setting Blocks and Edge Blocks 

2.4.7 Glazing Gaskets 

2.4.7.1 Fixed Glazing Gaskets 

2.4.7.2 Wedge Glazing Gaskets 

2.4.7.3 Aluminum Framing Glazing Gaskets 

2.4.8 Accessories 

2.5 MIRROR ACCESSORIES 
2.5.1 Mastic 

PART 3 EXECUTION 

3.1 PREPARATION 

3.2 GLASS SETTING 

3.2.1 Sheet Glass 

3.2.2 Insulating Glass Units 

3.3 CLEANING 

3.4 PROTECTION 
 

-- End of Section Table of Contents -- 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 08 81 00 Page 2 

 

 

 



Hill Air Force Base, UT, Building 591 HILL591 

SECTION 08 81 00 Page 3 

 

 

 

 

SECTION 08 81 00 

 

GLAZING 

05/19 
 

PART 1 GENERAL 

 

1.1 REFERENCES 
 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA) 

 

AAMA 800 (2016) Voluntary Specifications and Test 

Methods for Sealants 

 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 

ANSI Z97.1 (2015) Safety Glazing Materials Used in 

Buildings - Safety Performance 

Specifications and Methods of Test 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM C509 (2006; R 2015) Elastomeric Cellular 

Preformed Gasket and Sealing Material 

 

ASTM C864 (2005; R 2015) Dense Elastomeric 

Compression Seal Gaskets, Setting Blocks, 

and Spacers 

 

ASTM C920 (2018) Standard Specification for 

Elastomeric Joint Sealants 

 

ASTM C1021 (2008; R 2014) Standard Practice for 

Laboratories Engaged in Testing of 

Building Sealants 

 

ASTM C1036 (2016) Standard Specification for Flat 

Glass 

 

ASTM C1087 (2016) Standard Test Method for 

Determining Compatibility of 

Liquid-Applied Sealants with Accessories 

Used in Structural Glazing Systems 

 

ASTM C1172 (2019) Standard Specification for 

Laminated Architectural Flat Glass 

 

ASTM C1281 (2016) Standard Specification for 

Preformed Tape Sealants for Glazing 

Applications 

 

ASTM D395 (2016; E 2017) Standard Test Methods for 

Rubber Property - Compression Set 
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ASTM E1300 (2016) Standard Practice for Determining 

Load Resistance of Glass in Buildings 

 

ASTM E2190 (2010) Standard Specification for 

Insulating Glass Unit Performance and 

Evaluation 

 

GLASS ASSOCIATION OF NORTH AMERICA (GANA) 

 

GANA Glazing Manual (2008) Glazing Manual 

 

GANA Sealant Manual (2008) Sealant Manual 

INSULATING GLASS MANUFACTURERS ALLIANCE (IGMA) 

IGMA TB-1200 (1983; R 2016) Guidelines for Insulating 

Glass Dimensional Tolerances 

 

IGMA TB-3001 (2001) Guidelines for Sloped Glazing 

 

IGMA TM-3000 (1990; R 2016) North American Glazing 

Guidelines for Sealed Insulating Glass 

Units for Commercial & Residential Use 

 

NATIONAL FENESTRATION RATING COUNCIL (NFRC) 

 

NFRC 100 (2014) Procedure for Determining 

Fenestration Product U-Factors 

 

NFRC 200 (2014) Procedure for Determining 

Fenestration Product Solar Heat Gain 

Coefficient and Visible Transmittance at 

Normal Incidence 
 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

16 CFR 1201 Safety Standard for Architectural Glazing 

Materials 

 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 
 

SD-03 Product Data 

Insulating Glass 

Glazing Accessories 

Sealants 
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Joint Backer 

SD-04 Samples 

Insulating Glass 

SD-07 Certificates 

Insulating Glass 
 

SD-08 Manufacturer's Instructions 

Setting and Sealing Materials 

Glass Setting 

SD-11 Closeout Submittals 

 

Warranty for Insulated Glass Units 

 

1.3 SYSTEM DESCRIPTION 

 

Fabricate and install watertight and airtight glazing systems to withstand 

thermal movement and wind loading without glass breakage, gasket failure, 

deterioration of glazing accessories, or defects in the work. Glazed  

panels must comply with the safety standards, in accordance with ANSI Z97.1, 

and comply with indicated wind/snow loading in accordance with ASTM E1300. 

 

1.4 QUALITY CONTROL 

 

Submit two 8 by 10 inch samples of each of the following: insulating 

glass units. 

 

Submit three samples of each other material. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

Deliver products to the site in unopened containers, labeled plainly with 

manufacturers' names and brands. Store glass and setting materials in 

safe, enclosed dry locations and do not unpack until needed for 

installation. Handle and install materials in a manner that will protect 

them from damage. 

 

1.6 ENVIRONMENTAL REQUIREMENTS 

 

Do not start glazing work until the outdoor temperature is above40 degrees 

Fand rising, unless procedures recommended by the glass manufacturer and 

approved by the Contracting Officer are made to warm the glass and rabbet 

surfaces. Provide ventilation to prevent condensation of moisture on 

glazing work during installation. Do not perform glazing work during damp 

or rainy weather. 

 

1.7 WARRANTY 

 

1.7.1 Warranty for Insulated Glass Units 

 

Warranty insulating glass units against development of material 

obstruction to vision (such as dust, fogging, or film formation on the 

inner glass surfaces) caused by failure of the hermetic seal, other than 
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through glass breakage, for a 10-year period following acceptance of the 

work. Provide new units for any units failing to comply with terms of 

this warranty within 45 working days after receipt of notice from the 

Government. 

 

PART 2 PRODUCTS 

 

2.1 PRODUCT SUSTAINABILITY CRITERIA 

 

2.2 GLASS 

 

ASTM C1036, unless specified otherwise. In doors and sidelights, provide 

safety glazing material conforming to 16 CFR 1201. 

 

2.2.1 Clear Glass 

 

 

 

Type I, Class 1 (clear), Quality q4 (A). Provide for glazing openings not 

indicated or specified otherwise. Use double-strength sheet glass or 1/8 

inch float glass for openings up to and including 15 square feet, 3/16 inch 

for glazing openings over 15 square feet but not over 30 square feet, and 

1/4 inch for glazing openings over 30 square feet but not over 45 square 

feet. 

 

2.2.2 Annealed Glass 

 

Annealed glass must be Type I transparent flat type, Class 1 - clear, 

Quality q3 - glazing select, a minimum of 60 percent light 
transmittance conforming to ASTM C1036. 

 

2.3 INSULATING GLASS UNITS 

 

Provide no less than 1/4 in. (6 mm) nominal polycarbonate or laminated 

glass. The 1/4 in. (6 mm) laminated glass consists of two nominal 1/8 in. 

(3 mm) glass panes bonded together with a minimum of a 0.030 in. (0.75 mm) 

reinforced interlayer. For insulated glass units (IGU), use the 

polycarbonate or laminated glass for the innermost pane as a minimum. For 

laminated glass, provide a glazing frame bite in accordance with ASTM F 

2248. For polycarbonate, provide a glazing frame bite of no less than 1.5 

times the polycarbonate thickness. 

 

Two panes of polycarbonate or laminated glass separated by a dehydrated 

airspace, filled with argon gas and hermetically sealed, conforming to 

ASTM E2190.Submit performance and compliance documentation for each type 

of insulating glass. 

 

Insulated glass units must have a Solar Heat Gain Coefficient (SHGC) 

maximum of 0.46 determined according to NFRC 200 and a U-factor maximum of 

0.42 Btu per square foot by hr by degree F in accordance with NFRC 100. 
 

Dimensional tolerances must be as specified in IGMA TB-1200. Spacer must 

be black, roll-formed, thermally broken aluminum, with bent or tightly 

welded or keyed and sealed joints to completely seal the spacer periphery 

and eliminate moisture and hydrocarbon vapor transmission into airspace 

through the corners. Primary seal must be compressed polyisobutylene and 

the secondary seal must be a specially formulated silicone. 

 

The inner light must be ASTM C1172, clear annealed flat glass Type I, 

Class I, Quality q3 ASTM C1036, Type I, Class 1, Quality q4, 1/4 in. 

thick. 2.4 SET 
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TING AND SEALING MATERIALS inch 

 

Provide as specified in the GANA Glazing Manual, IGMA TM-3000, IGMA TB-3001, 

and manufacturer's recommendations, unless specified otherwise herein. Do 

not use metal sash putty, nonskinning compounds, nonresilient preformed 

sealers, or impregnated preformed gaskets.  Materials exposed to view and 

unpainted must be gray or neutral color. Sealant testing must be 
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performed by a testing agency qualified according to ASTM C1021. 

 

Submit glass manufacturer's recommendations for setting and sealing 

materials and for installation of each type of glazing material specified. 

 

2.4.1 Putty and Glazing Compound 

 

Provide glazing compound as recommended by manufacturer for face-glazing 

metal sash. Putty must be linseed oil type. Do not use putty and glazing 

compounds with insulating glass or laminated glass. 

 

2.4.2 Glazing Compound 

 

Use for face glazing metal sash. Do not use with insulating glass units 

or laminated glass. 

 

2.4.3 Sealants 

 

Provide elastomeric sealants. 

 

2.4.3.1 Elastomeric Sealant 

 

ASTM C920, Type S, Grade NS, Class 12.5, Use G. Use for channel or stop 

glazing metal]sash. Sealants must be chemically compatible with setting 

blocks, edge blocks, and sealing tapes, with sealants used in manufacture 

of insulating glass units. Color of sealant must be white. 

 

2.4.4 Joint Backer 

 

Joint backer must have a diameter size at least 25 percent larger than 

joint width; type and material as recommended in writing by glass and 

sealant manufacturer. 

 

2.4.5 Glazing Tapes 

 

2.4.5.1 Back-Bedding Mastic Glazing Tapes 

 

Preformed, butyl-based, 100 percent solids elastomeric tape; nonstaining 

and nonmigrating in contact with nonporous surfaces; with or without 

spacer rod as recommended in writing by tape and glass manufacturers for 

application indicated; and complying with ASTM C1281 and AAMA 800 for 

products indicated below: 

 

a. AAMA 804.3 tape, where indicated. 

 

b. AAMA 806.3 tape, for glazing applications in which tape is subject to 

continuous pressure. 

 

c. AAMA 807.3 tape, for glazing applications in which tape is not subject 

to continuous pressure. 

 

2.4.5.2 Expanded Cellular Glazing Tapes 

 

Closed-cell, PVC foam tapes; factory coated with adhesive on both 

surfaces; and complying with AAMA 800 for the following types: 

 

a. AAMA 810.1, Type 1, for glazing applications in which tape acts as the 

primary sealant. 
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b. AAMA 810.1, Type 2, for glazing applications in which tape is used in 

combination with a full bead of liquid sealant. 

 

2.4.6 Setting Blocks and Edge Blocks 

 

Closed-cell neoprene setting blocks must be dense extruded type conforming 

to ASTM C509 and ASTM D395, Method B, Shore A durometer between 70 and 

90. Edge blocking must be Shore A durometer of 50 (plus or minus 5). 

Provide silicone setting blocks when blocks are in contact with silicone 

sealant. Profiles, lengths and locations must be as required and 

recommended in writing by glass manufacturer. 

 

2.4.7 Glazing Gaskets 

 

Glazing gaskets must be extruded with continuous integral locking 

projection designed to engage into metal glass holding members to provide 

a watertight seal during dynamic loading, building movements and thermal 

movements. Glazing gaskets for a single glazed opening must be continuous 

one-piece units with factory-fabricated injection-molded corners free of 

flashing and burrs. Glazing gaskets must be in lengths or units 

recommended by manufacturer to ensure against pull-back at corners. 

Provide glazing gasket profiles as recommended by the manufacturer for the 

intended application. 

 

2.4.7.1 Fixed Glazing Gaskets 

 

Fixed glazing gaskets must be closed-cell (sponge) smooth extruded 

compression gaskets of cured elastomeric virgin neoprene compounds 

conforming to ASTM C509, Type 2, Option 1. 

 

2.4.7.2 Wedge Glazing Gaskets 

 

Wedge glazing gaskets must be high-quality extrusions of cured elastomeric 

virgin neoprene compounds, ozone resistant, conforming to ASTM C864, 

Option 1, Shore A durometer between 65 and 75. 

 

2.4.7.3 Aluminum Framing Glazing Gaskets 

 

Glazing gaskets for aluminum framing must be permanent, elastic, 

non-shrinking, non-migrating, watertight and weathertight. 

 

2.4.8 Accessories 

 

Provide as required for a complete installation, including glazing points, 

clips, shims, angles, beads, and spacer strips. Provide noncorroding 

metal accessories. Provide primer-sealers and cleaners as recommended by 

the glass and sealant manufacturers. Use ASTM C1087 to determine whether 

priming and other specific joint preparation techniques are required to 

obtain rapid, optimum adhesion of glazing sealants to surface. 
 

2.5 MIRROR ACCESSORIES 

 

2.5.1 Mastic 

 

Mastic for setting mirrors must be a polymer type mirror mastic resistant 

to water, shock, cracking, vibration and thermal expansion. Provide 

mastic compatible with mirror backing paint, and as approved by mirror 

manufacturer. 
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PART 3 EXECUTION 

 

Any materials that show visual evidence of biological growth due to the 

presence of moisture must not be installed on the building project. 

 

3.1 PREPARATION 

 

Preparation, unless otherwise specified or approved, must conform to 

applicable recommendations in the GANA Glazing Manual, GANA Sealant Manual, 

IGMA TB-3001, IGMA TM-3000, and manufacturer's recommendations. Determine 

the sizes to provide the required edge clearances by measuring the actual 

opening to receive the glass. Grind smooth in the shop glass edges that 

will be exposed in finish work.Leave labels in place until the  

installation is approved, except remove applied labels on heat-absorbing 

glass and on insulating glass units as soon as glass is installed. 

Securely fix movable items or keep in a closed and locked position until 

glazing compound has thoroughly set. 

 

3.2 GLASS SETTING 

 

Shop glaze or field glaze items to be glazed using glass of the quality 

and thickness specified or indicated. Glazing, unless otherwise specified 

or approved, must conform to applicable recommendations in the 

GANA Glazing Manual, GANA Sealant Manual, IGMA TB-3001, IGMA TM-3000, and 

manufacturer's recommendations. Aluminum windows, wood doors, and wood 

windows may be glazed in conformance with one of the glazing methods 

described in the standards under which they are produced, except that face 

puttying with no bedding will not be permitted. Handle and install 

glazing materials in accordance with manufacturer's instructions. Use 

beads or stops which are furnished with items to be glazed to secure the 

glass in place. Verify products are properly installed, connected, and 

adjusted. 

 

3.2.1 Sheet Glass 

 

Cut and set with the visible lines or waves horizontal. 

 

3.2.2 Insulating Glass Units 

 

Do not grind, nip, or cut edges or corners of units after the units have 

left the factory. Springing, forcing, or twisting of units during setting 

will not be permitted. Handle units so as not to strike frames or other 

objects. Installation must conform to applicable recommendations of 

IGMA TB-3001 and IGMA TM-3000. 
 

3.3 CLEANING 

 

Clean glass surfaces and remove labels, paint spots, putty, and other 

defacement as required to prevent staining. Glass must be clean at the 

time the work is accepted. 

 

3.4 PROTECTION 

 

Protect glass work immediately after installation. Identify glazed 

openings with suitable warning tapes, cloth or paper flags, attached with 

non-staining adhesives. Protect reflective glass with a protective 

material to eliminate any contamination of the reflective coating. Place 
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protective material far enough away from the coated glass to allow air to 

circulate to reduce heat buildup and moisture accumulation on the glass. 

Upon removal, separate protective materials for reuse or recycling. 

Remove and replace glass units which are broken, chipped, cracked, 

abraded, or otherwise damaged during construction activities with new 

units. 

 

-- End of Section -- 
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SUPPORTS FOR PLASTER AND GYPSUM BOARD
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PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 341 (2016) Seismic Provisions for Structural 
Steel Buildings

ASTM INTERNATIONAL (ASTM)

ASTM A463/A463M (2010; R 2015) Standard Specification for 
Steel Sheet, Aluminum-Coated, by the 
Hot-Dip Process

ASTM A653/A653M (2019) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM C645 (2014; E 2015) Nonstructural Steel Framing 
Members

ASTM C754 (2018) Standard Specification for 
Installation of Steel Framing Members to 
Receive Screw-Attached Gypsum Panel 
Products

UNDERWRITERS LABORATORIES (UL)

UL Fire Resistance (2014) Fire Resistance Directory

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Metal Support Systems ; G

  Submit for the erection of metal framing, furring, and ceiling 
suspension systems.  Indicate materials, sizes, thicknesses, and 

SECTION 09 22 00  Page 2
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fastenings.

SD-03 Product Data

Metal Support Systems

Recycled Content for Metal Support Systems ; S

1.3   DELIVERY, STORAGE, AND HANDLING

Deliver materials to the job site and store in ventilated dry locations 
permitting easy access for inspection and handling.  If materials are 
stored outdoors, stack materials off the ground, supported on a level 
platform, and fully protected from the weather.  Handle materials 
carefully to prevent damage.  Remove damaged items and provide new items.

PART 2   PRODUCTS

2.1   MATERIALS

Provide steel materials for metal support systems  with galvanized coating 
ASTM A653/A653M ,  G-60 ; aluminum coating ASTM A463/A463M ,  T1-25 ; or a 
55-percent aluminum-zinc coating.  Provide support systems and attachments 
per AISC 341  UFC 3-301-01, "Structural Engineering" in seismic zones.

Provide metal support systems containing a minimum of 20 percent recycled 
content.  Provide data identifying percentage of recycled content for 
metal support systems .

2.1.1   Materials for Attachment of Gypsum Wallboard

2.1.1.1   Suspended and Furred Ceiling Systems

ASTM C645.

2.1.1.2   Non-load Bearing Wall Framing and Furring

ASTM C645, but not thinner than  0.0179 inch  thickness, with  0.0329 inch  
minimum thickness supporting wall hung items such as cabinetwork, 
equipment and fixtures.

2.1.1.3   Furring Structural Steel Columns

ASTM C645.  Steel (furring) clips and support angles listed in 
UL Fire Resistance  may be provided in lieu of steel studs for erection of 
gypsum wallboard around structural steel columns.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Systems for Attachment of Gypsum Wallboard

3.1.1.1   Suspended and Furred Ceiling Systems

ASTM C754, except provide framing members  16 inches  o.c. unless indicated 
otherwise.

SECTION 09 22 00  Page 3
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3.1.1.2   Non-load Bearing Wall Framing and Furring

ASTM C754, except as indicated otherwise.

3.1.1.3   Furring Structural Steel Columns

Install studs or galvanized steel clips and support angles for erection of 
gypsum wallboard around structural steel columns in accordance with the 
UL Fire Resistance , design number(s) of the fire resistance rating 
indicated.

3.2   ERECTION TOLERANCES

Provide framing members which will be covered by finish materials such as 
wallboard, plaster, or ceramic tile set in a mortar setting bed, within 
the following limits:

a.  Layout of walls and partitions:  1/4 inch  from intended position;

b.  Plates and runners:  1/4 inch in 8 feet  from a straight line;

c.  Studs:  1/4 inch in 8 feet  out of plumb, not cumulative; and

d.  Face of framing members:  1/4 inch in 8 feet  from a true plane.

Provide framing members which will be covered by ceramic tile set in 
dry-set mortar, latex-portland cement mortar, or organic adhesive within 
the following limits:

a.  Layout of walls and partitions:  1/4 inch  from intended position;

b.  Plates and runners:  1/8 inch in 8 feet  from a straight line;

c.  Studs:  1/8 inch in 8 feet  out of plumb, not cumulative; and

d.  Face of framing members:  1/8 inch in 8 feet  from a true plane.

        -- End of Section --
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1.1 REFERENCES 
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The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 

ANSI A108.11 (1992; Reaffirmed 2005) Specifications for 

Interior Installation of Cementitious 

Backer Units 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM C475/C475M (2017) Standard Specification for Joint 

Compound and Joint Tape for Finishing 

Gypsum Board 

 

ASTM C840 (2019b) Standard Specification for 

Application and Finishing of Gypsum Board 

 

ASTM C954 (2018) Standard Specification for Steel 

Drill Screws for the Application of Gypsum 

Panel Products or Metal Plaster Bases to 

Steel Studs from 0.033 in. (0.84 mm) to 

0.112 in. (2.84 mm) in Thickness 
 

ASTM C1002 (2018) Standard Specification for Steel 

Self-Piercing Tapping Screws for the 

Application of Gypsum Panel Products or 

Metal Plaster Bases to Wood Studs or Steel 

Studs 

 

ASTM C1396/C1396M (2017) Standard Specification for Gypsum 

Board 

 

ASTM E336 (2019a) Standard Test Method for 

Measurement of Airborne Sound Attenuation 

between Rooms in Buildings 

 

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH) 

 

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 

the Testing and Evaluation of Volatile 

Organic Chemical Emissions from Indoor 

Sources using Environmental Chambers 
 

FM GLOBAL (FM) 

 

FM APP GUIDE (updated on-line) Approval Guide 
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http://www.approvalguide.com/ 

 

GREEN SEAL (GS) 
 

GS-36  (2013) Adhesives for Commercial Use 

GYPSUM ASSOCIATION (GA) 

GA 214 (2010) Recommended Levels of Gypsum Board 

Finish 

 

GA 216 (2010) Application and Finishing of Gypsum 

Panel Products 

 

GA 253  (2012) Application of Gypsum Sheathing 

SCIENTIFIC CERTIFICATION SYSTEMS (SCS) 

SCS  SCS Global Services (SCS) Indoor Advantage 

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD) 

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications 

UNDERWRITERS LABORATORIES (UL) 

UL 2818 (2013) GREENGUARD Certification Program 

For Chemical Emissions For Building 

Materials, Finishes And Furnishings 

 

UL Fire Resistance (2014) Fire Resistance Directory 

 

ASTM C840-16 Standard Specification for Application and Finishing of Gypsum 

Board; Method for Inspecting Interior Joint Treated Gypsum Panel Surfaces 

2009; Recommended Levels of Paint Finish over Gypsum Board 2009; 

Recommended Surface Treatment for Finishing Gypsum Board to Attain a Level 

5 Finish 2010; GA-214-15 Recommended Levels of Gypsum Board Finish; GA-216-

13 Application and Finishing of Gypsum Panel Products; The Gypsum 

Construction Handbook, 7th Edition 2014; J2010/11-10 Finishing and 

Decorating Gypsum Panels 2012; J564/8-03 Finishing and Decorating Gypsum 

Panels: Critical Light Conditions; SA920/7-07 Plaster Systems 2012; WB2625 

Wallboard Finished Appearance Expectations Best Practices (White Paper) 

2012. 

 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance with 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-03 Product Data 

Cementitious Backer Units 

Accessories 
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Submit for each type of gypsum board and for cementitious backer 

units. 

 

Gypsum Board 

 

Recycled Content for Gypsum Board; S 

 

Recycled Content for Paper Facing and Gypsum Cores; S 

VOC Content of Joint Compound; S 
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SD-07 Certificates 

 

Asbestos Free Materials; G 

 

Certify that gypsum board types, gypsum backing board types, 

cementitious backer units, and joint treating materials do not 

contain asbestos. 

 

Indoor Air Quality for Gypsum Board; S 

 

Indoor Air Quality for Non-aerosol Adhesives; S 

Indoor Air Quality for Aerosol Adhesives; S 

SD-08 Manufacturer's Instructions 

Safety Data Sheets 

SD-10 Operation and Maintenance Data 

Manufacturer Maintenance Instructions 

1.3 CERTIFICATIONS 

 

1.3.1 Indoor Air Quality Certifications 

 

Submit required indoor air quality certifications in one submittal package. 

 

1.3.1.1 Ceiling and Wall Systems 

 

Provide products certified to meet indoor air quality requirements by 

UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 

provide certification or validation by other third-party program that 

products meet the requirements of this Section. Provide current product 

certification documentation from certification body. When product does 

not have certification, provide validation that product meets the indoor 

air quality product requirements cited herein. 

 

1.3.1.2 Adhesives and Sealants 

 

Provide products certified to meet indoor air quality requirements by 

UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 

provide certification or validation by other third-party program that 

products meet the requirements of this Section. Provide current product 

certification documentation from certification body. When product does 

not have certification, provide validation that product meets the indoor 

air quality product requirements cited herein. 

 

1.4 DELIVERY, STORAGE, AND HANDLING 

 

1.4.1 Delivery 

 

Deliver materials in the original packages, containers, or bundles with 

each bearing the brand name, applicable standard designation, and name of 

manufacturer, or supplier. 

 

1.4.2 Storage 

 

Keep materials dry by storing inside a sheltered building. Where 
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necessary to store gypsum board and cementitious backer units outside, 

store off the ground, properly supported on a level platform, and 

protected from direct exposure to rain, snow, sunlight, and other extreme 

weather conditions. Provide adequate ventilation to prevent  

condensation. Store per manufacturer's recommendations for allowable 

temperature and humidity range.Do not store gypsum wallboard with 

materials which have high emissions of volatile organic compounds (VOCs) 

or other contaminants. Do not store panels near materials that may offgas 

or emit harmful fumes, such as kerosene heaters, fresh paint, or 

adhesives. Do not use materials that have visible moisture or biological 

growth. 

 

1.4.3 Handling 

 

Neatly stack gypsum board and cementitious backer units flat to prevent 

sagging or damage to the edges, ends, and surfaces. 

 

1.5 QUALIFICATIONS 

 

Furnish type of gypsum board work specialized by the installer with a 

minimum of 3 years of documented successful experience. 

 

1.6 ENVIRONMENTAL REQUIREMENTS 

 

Do not expose the gypsum board to excessive sunlight prior to gypsum board 

application. Maintain a continuous uniform temperature of not less than 

50 degrees F and not more than 80 degrees F for at least one week prior to 

the application of gypsum board work, while the gypsum board application 

is being done, and for at least one week after the gypsum board is set. 

Shield air supply and distribution devices to prevent any uneven flow of 

air across the plastered surfaces.  Provide ventilation to exhaust moist 

air to the outside during gypsum board application, set, and until gypsum 

board jointing is dry. In glazed areas, keep windows open top and bottom 

or side to side 3 to 4 inches. Reduce openings in cold weather to prevent 

freezing of joint compound when applied. For enclosed areas lacking 

natural ventilation, provide temporary mechanical means for ventilation. 

In unglazed areas subjected to hot, dry winds or temperature differentials 

from day to night of 20 degrees F or more, screen openings with 

cheesecloth or similar materials. Avoid rapid drying. During periods of 

low indoor humidity, provide minimum air circulation following gypsum 

boarding and until gypsum board jointing complete and is dry. 

 

1.7 FIRE RESISTIVE CONSTRUCTION 

 

Comply with specified fire-rated assemblies for design numbers indicated 

per UL Fire Resistance or FM APP GUIDE. 

 

PART 2 PRODUCTS 

 

2.1 MATERIALS 

 

Conform to specifications, standards and requirements specified. Provide 

gypsum board types, gypsum backing board types, cementitious backing 

units, and joint treating materials manufactured from asbestos free 

materials only. Submit Safety Data Sheets and manufacturer maintenance 

instructions for gypsum materials including adhesives. 
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2.1.1 Gypsum Board 

 

ASTM C1396/C1396M. Gypsum board must contain a minimum of 5 percent 
post-consumer recycled content, or a minimum of 20 percent post-industrial 

recycled content. Provide data identifying percentage of recycled content 

for gypsum board. Paper facings must contain a minimum of 100 percent 

recycled paper content. Gypsum cores must contain a minimum of 95 percent 

post-industrial recycled gypsum content. Provide data identifying 

percentage of recycled content for paper facing and gypsum cores. Provide 

gypsum wall board and panels meeting the emissions requirements of 

CDPH SECTION 01350 (limit requirements for either office or classroom 

spaces regardless of space type). Provide certification or validation of 

indoor air quality for gypsum board. 

 

2.1.1.1 Regular 

 

48 inch wide, 5/8 inch thick, tapered, tapered and featured edges. 

 

2.1.2 Gypsum Backing Board 

 

ASTM C1396/C1396M, gypsum backing board must be used as a base in a 

multilayer system. 

 

2.1.2.1 Type X (Special Fire-Resistant) 

 

48 inch wide, 5/8 inch thick, square edges. 

 

2.1.3 Regular Water-Resistant Gypsum Backing Board 

ASTM C1396/C1396M 

2.1.3.1 Regular 

 

48 inch wide, 5/8 inch thick, tapered edges. 

 

2.1.4 Joint Treatment Materials 

 

ASTM C475/C475M. Product must be low emitting VOC types with VOC limits 

not exceeding 50 g/L. Provide data identifying VOC content of joint 

compound. Use all purpose joint and texturing compound containing inert 

fillers and natural binders, including lime compound. Pre-mixed compounds 

must be free of antifreeze, vinyl adhesives, preservatives, biocides and 

other slow releasing compounds. 

 

2.1.4.1 All-Purpose Compound 

 

Specifically formulated and manufactured to serve as both a taping and a 

finishing compound and compatible with tape, substrate and fasteners. 

 

2.1.4.2 Joint Tape 

 

Use cross-laminated, tapered edge, reinforced paper, or fiber glass mesh 

tape recommended by the manufacturer. 

 

2.1.5 Fasteners 

 

2.1.5.1 Screws 

 

ASTM C1002, Type "G", Type "S" or Type "W" steel drill screws for 
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fastening gypsum board to gypsum board, wood framing members and steel 

framing members less than 0.033 inch thick. ASTM C954 steel drill screws 

for fastening gypsum board to steel framing members 0.033 to 0.112 inch 

thick. Provide cementitious backer unit screws with a polymer coating. 

 

2.1.6 Adhesives 

 

Provide non-aerosol adhesive products used on the interior of the building 

(defined as inside of the weatherproofing system) meeting either emissions 

requirements of CDPH SECTION 01350 (limit requirements for either office 

or classroom spaces regardless of space type) or VOC content requirements 

of SCAQMD Rule 1168. Provide aerosol adhesive products used on the 

interior of the building (defined as inside of the weatherproofing system) 

meeting either emissions requirements of CDPH SECTION 01350 (limit 

requirements for either office or classroom spaces regardless of space 

type) or VOC content requirements of GS-36. Provide certification or 

validation of indoor air quality for non-aerosol adhesives applied on the 

interior of the building (inside of the weatherproofing system). Provide 

certification or validation of indoor air quality for aerosol adhesives 

used on the interior of the building (inside of the weatherproofing 

system). 

 

2.1.7 Water 

 

Provide clean, fresh, and potable water. 

 

PART 3 EXECUTION 

 

3.1 EXAMINATION 

 

3.1.1 Framing and Furring 

 

Verify that framing and furring are securely attached and of sizes and 

spacing to provide a suitable substrate to receive gypsum board and 

cementitious backer units. Verify that all blocking, headers and supports 

are in place to support plumbing fixtures and to receive soap dishes, grab 

bars, towel racks, and similar items. Do not proceed with work until 

framing and furring are acceptable for application of gypsum board and 

cementitious backer units. 

 

3.1.2 Gypsum Board and Framing 

 

Verify that surfaces of gypsum board and framing to be bonded with an 

adhesive are free of dust, dirt, grease, and any other foreign matter. Do 

not proceed with work until surfaces are acceptable for application of 

gypsum board with adhesive. 

 

3.1.3 Building Construction Materials 

 

Do not install building construction materials that show visual evidence 

of biological growth. 

 

3.2 APPLICATION OF GYPSUM BOARD 

 

Apply gypsum board to framing and furring members in accordance with 

ASTM C840 or GA 216 and the requirements specified. Apply gypsum board 

with separate panels in moderate contact; do not force in place. Stagger 

end joints of adjoining panels. Neatly fit abutting end and edge joints. 

Use gypsum board of maximum practical length; select panel sizes to 
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minimize waste. Cut out gypsum board to make neat, close, and tight 

joints around openings. In vertical application of gypsum board, provide 

panels in lengths required to reach full height of vertical surfaces in 

one continuous piece. Lay out panels to minimize waste; reuse cutoffs 

whenever feasible. Surfaces of gypsum board and substrate members may  

[not ]be bonded together with an adhesive[, except where prohibited by 

fire rating(s)].  Treat edges of cutouts for plumbing pipes, screwheads, 

and joints with water-resistant compound as recommended by the gypsum 

board manufacturer.  Minimize framing by floating corners with single 

studs and drywall clips. Provide type of gypsum board for use in each 

system specified herein as indicated. 

 

3.2.1 Application of Gypsum Board to Steel Framing and Furring 

Apply in accordance with ASTM C840, System VIII or GA 216. 

3.2.2 Gypsum Board for Wall Tile or Tile Base Applied with Adhesive 

 

In dry areas (areas other than tubs, shower enclosures, saunas, steam 

rooms, gang shower rooms), apply glass mat water-resistant gypsum tile 

backing board or water-resistant gypsum backing board in accordance with 

ASTM C840, System X or GA 216. 

 

3.2.3 Exterior Application 

 

Apply exterior gypsum board (such as at soffits) in accordance with 

ASTM C840, System XI or GA 216. 

 

3.2.4 Glass Mat Covered or Fiber Reinforced Gypsum Sheathing 

 

Apply glass mat covered or fiber reinforced gypsum sheathing in accordance 

to gypsum association publications GA 253. Follow gypsum sheathing 

manufacturer's requirements of design details for joints and fasteners and 

be properly installed to protect the substrate from moisture intrusion. 

Do not leave exposed surfaces of the glass mat covered or fiber reinforced 

gypsum sheathing beyond the manufacturer's recommendation without a 

weather barrier cladding. Provide continuous asphalt impregnated building 

felt over sheathing surface in shingle fashion with edges and ends lapped 

a minimum of 6 inch. Properly flash the openings. Seal all joints, 

seams, and penetrations with a compatible silicone sealant. 

 

3.2.5 Control Joints 

 

Install expansion and contraction joints in ceilings and walls in 

accordance with ASTM C840, System XIII or GA 216. Fill control joints 

between studs in fire-rated construction with firesafing insulation to 

match the fire-rating of construction. 

 

3.3 APPLICATION OF CEMENTITIOUS BACKER UNITS 

 

3.3.1 Application 

 

In wet areas apply cementitious backer units in accordance with 
ANSI A108.11. Place a 15 lb asphalt impregnated, continuous felt paper 

membrane behind cementitious backer units, between backer units and studs 

or base layer of gypsum board. Place membrane with a minimum 6 inch 

overlap of sheets laid shingle style. 
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3.3.2 Joint Treatment 

ANSI A108.11. 

3.4 FINISHING OF GYPSUM BOARD 

 

Tape and finish gypsum board in accordance with ASTM C840, GA 214 and 
GA 216. Finish plenum areas above ceilings to Level 1 in accordance with 

GA 214. Finish water resistant gypsum backing board, ASTM C1396/C1396M, 

to receive ceramic tile to Level 2 in accordance with GA 214. Finish 

walls and ceilings to receive a heavy-grade wall covering or heave 

textured finish before painting to Level 3 in accordance with GA 214. 

Finish walls and ceilings without critical lighting to receive flat 

paints, light textures, or wall coverings to Level 4 in accordance with 

GA 214. Unless otherwise specified, finish all gypsum board walls, 

partitions and ceilings to Level 5 in accordance with GA 214. Provide 

joint, fastener depression, and corner treatment. Tool joints as smoothly 

as possible to minimize sanding and dust. Do not use self-adhering fiber 

glass mesh tape with conventional drying type joint compounds; use setting 

or hardening type compounds only. Provide treatment for water-resistant 

gypsum board as recommended by the gypsum board manufacturer. Protect 

workers, building occupants, and HVAC systems from gypsum dust. 

 

3.4.1 Uniform Surface 

 

Wherever gypsum board is to receive eggshell, semigloss or gloss paint 

finish, or where severe, up or down lighting conditions occur, finish 

gypsum wall surface in accordance to GA 214 Level 5. In accordance with 

GA 214 Level 5, apply a thin skim coat of joint compound to the entire 

gypsum board surface, after the two-coat joint and fastener treatment is 

complete and dry. 

 

3.5 SEALING 

 

Seal openings around pipes, fixtures, and other items projecting through 

gypsum board and cementitious backer units as specified in Section 07 92 00 

JOINT SEALANTS. Apply material with exposed surface flush with gypsum 

board or cementitious backer units. 

 

3.6 FIRE-RESISTANT ASSEMBLIES 

 

Wherever fire-rated construction is indicated, provide materials and 

application methods, including types and spacing of fasteners, wall and 

ceiling framing in accordance with the specifications contained in 

UL Fire Resistance for the Design Number(s) indicated. Joints of 
fire-rated gypsum board enclosures must be closed and sealed in accordance 

with UL test requirements or GA requirements. Seal penetrations through 

rated partitions and ceilings tight in accordance with tested systems. 

 

3.7 PATCHING 

 

Patch surface defects in gypsum board to a smooth, uniform appearance, 

ready to receive finishes. 

 

3.8 SHAFTWALL FRAMING 

 

Install the shaftwall system in accordance with the system manufacturer's 
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published instructions. Coordinate bucks, anchors, blocking and other 

items placed in or behind shaftwall framing with electrical and mechanical 

work. Patch or replace fireproofing materials which are damaged or 

removed during shaftwall construction. 

 

3.9 SOUND RATED ASSEMBLY FIELD TESTING 

 

Provide third party testing of sound rated assemblies tested in accordance 

with ASTM E336. Provide the ASTM E336 Field Test Report verifying that 

the installed assemblies perform no less than five ASTC rating points 

below the ASTM E90 Factory Test Report. Examine, modify adjust, and 

retest any installation not meeting the STC Rating until compliance is 

obtained. 

 

-- End of Section -- 
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PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A137.1 (2012) American National Standards 
Specifications for Ceramic Tile

ANSI A137.2 (2012) American National Standards 
Specifications for Glass Tile

ASTM INTERNATIONAL (ASTM)

ASTM C33/C33M (2018) Standard Specification for Concrete 
Aggregates

ASTM C144 (2018) Standard Specification for 
Aggregate for Masonry Mortar

ASTM C150/C150M (2018) Standard Specification for Portland 
Cement

ASTM C206 (2014) Standard Specification for 
Finishing Hydrated Lime

ASTM C207 (2018) Standard Specification for Hydrated 
Lime for Masonry Purposes

ASTM C241/C241M (2015) Standard Specification for Abrasion 
Resistance of Stone Subjected to Foot 
Traffic

ASTM C373 (2018)Standard Test Methods for 
Determination of Water Absorption and 
Associated Properties by Vacuum Method for 
Pressed Ceramic Tiles and Glass Tiles and 
Boil Method for Extruded Ceramic Tiles and 
Non-tile Fired Ceramic Whiteware Products

ASTM C648 (2004; R 2009) Breaking Strength of 
Ceramic Tile

ASTM C1026 (2013; R 2018) Standard Test Method for 
Measuring the Resistance of Ceramic and 
Glass Tile to Freeze-Thaw Cycling

SECTION 09 30 10  Page 2



Hill Air Force Base, UT, Building 591 HILL591

ASTM C1027 (2009; R 2017) Standard Test Method for 
Determining Visible Abrasion Resistance of 
Glazed Ceramic Tile

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers

GREEN SEAL (GS)

GS-36 (2013) Adhesives for Commercial Use

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

TILE COUNCIL OF NORTH AMERICA (TCNA)

TCNA Hdbk (2017) Handbook for Ceramic, Glass, and 
Stone Tile Installation

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings ; G

SD-03 Product Data

Quarry Tile ; G

Setting-Bed ; G

Mortar, Grout, and Adhesive ; G

Reinforcing Wire Fabric
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SD-04 Samples

Tile ; G

Accessories ; G

Transition Strips ; G

Grout ; G

SD-07 Certificates

Indoor Air Quality for Adhesives ; S

Indoor Air Quality for Sealants ; S

SD-08 Manufacturer's Instructions

Maintenance Instructions

SD-10 Operation and Maintenance Data

Installation ; G

1.3   CERTIFICATIONS

1.3.1   Indoor Air Quality Certifications

1.3.1.1   Adhesives and Sealants

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification or validation by other third-party programs that 
products meet the requirements of this Section.  Provide current product 
certification documentation from certification body.When product does not 
have certification, provide validation that product meets the indoor air 
quality product requirments cited in this Section.

1.4   QUALITY ASSURANCE

Provide installers having a minimum of two years experience with a company 
specializing in performing the type of work described.  Each type and 
color of tile to be provided from a single source.  Each type and color of 
mortar, adhesive, and grout to be provided from the same source.

1.5   DELIVERY, STORAGE, AND HANDLING

Ship tiles in sealed packages and clearly marked with the grade, type of 
tile, producer identification, and country of origin.  Deliver materials 
to the project site in manufacturer's original unopened containers with 
seals unbroken and labels and hallmarks intact.  Protect materials from 
weather, and store them under cover in accordance with manufacturer's 
printed instructions.

1.6   ENVIRONMENTAL REQUIREMENTS

Do not perform ceramic tile work unless the substrate and ambient 
temperature is at least  50 degrees F  and rising.  Maintain temperature 
above  50 degrees F  while the work is being performed and for at least 7 

SECTION 09 30 10  Page 4



Hill Air Force Base, UT, Building 591 HILL591

days after completion of the work.  When temporary heaters are used, 
ventilate the area to the outside to avoid carbon dioxide damage to new 
tilework.

1.7   WARRANTY

Provide manufacturer's standard performance guarantees or warranties that 
extend beyond a 1-year period.

1.8   EXTRA MATERIALS

Supply an extra 2 percent of each type tile used in clean and marked 
cartons.

PART 2   PRODUCTS

2.1   TILE

Provide tiles that comply with ANSI A137.1  and are standard grade tiles[, 
the exception is glass tile.  Furnish glass tiles that comply with 
ANSI A137.2 ].  Provide a minimum breaking strength of  125 lbs.  for wall 
tile and  250 lbs.  for floor tile in accordance with ASTM C648.  Provide 
exterior building tile for cold climate projects that is approved by the 
manufacturer for exterior use when tested in accordance with ASTM C1026. 
Provide floor tiles with a wet dynamic coefficient of friction (DCOF) 
value of 0.42 or greater when tested in accordance with ANSI A137.1  
requirements.  Provide glazed floor tile with a Class IV-Commercial 
classification as rated by the manufacturer when tested in accordance with 
ASTM C1027 for visible abrasion resistance as related to foot traffic.  
For materials like tile, accessories , and transition strips  submit samples 
of sufficient size to show color range, pattern, type and joints.  Submit 
manufacturer's catalog data.

2.1.1   Quarry Tile

Furnish an unglazed quarry tile, bullnose base and trim pieces. Provide 
tile with [smooth][abrasive] surface.  Provide nominal tile size(s) of  12 
by 24 inch and 3/8  inch  thick.  Provide a 0.30 percent maximum water 
absorption in accordance with ASTM C373.  

Provide Quarry Tiling Materials that contain a minimum of 10 percent 
recycled content. Provide data identifying percentage of recycled content 
for quarry tile .

2.2   SETTING-BED

Submit manufacturer's catalog data. Compose the setting-bed of the 
following materials:

2.2.1   Aggregate for Concrete Fill

Conform to ASTM C33/C33M for aggregate fill.  Do not exceed one-half the 
thickness of concrete fill for maximum size of coarse aggregate.

2.2.2   Portland Cement

Conform to ASTM C150/C150M for cement, Type I, white for wall mortar and 
gray for other uses.
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2.2.3   Sand

Conform to ASTM C144 for sand.

2.2.4   Hydrated Lime

Conform to ASTM C206 for hydrated lime, Type S or ASTM C207, Type S.

2.3   WATER

Provide potable water.

2.4   MORTAR, GROUT, AND ADHESIVE

Provide non-aerosol adhesive products used on the interior of the building 
(defined as inside of the weatherproofing system) meeting either emissions 
requirements of CDPH SECTION 01350  (limit requirements for either office 
or classroom spaces regardless of space type) and VOC content requirements 
of SCAQMD Rule 1168 .  Provide aerosol adhesives used on the interior of 
the building meeting either emissions requirements of CDPH SECTION 01350  
(limit requirements for either office or classroom spaces regardless of 
space type) or VOC content requirements of GS-36.Provide certification or 
validation of indoor air quality for adhesives .

2.4.1   Dry-Set Portland Cement Mortar

TCNA Hdbk.

2.4.2   Ceramic Tile Grout

TCNA Hdbk; petroleum-free and plastic-free sand portland cement grout.

2.4.3   Sealants

Comply with applicable regulations regarding toxic and hazardous materials 
and as specified.  Grout sealant must not change the color or alter the 
appearance of the grout.  Refer to Section 07 92 00  JOINT SEALANTS.

Provide sealants used on the interior of the building (defined as inside 
of the weatherproofing system) meeting either emissions requirements of 
CDPH SECTION 01350  (limit requirements for either office or classroom 
spaces regardless of space type) and VOC content requirements of 
SCAQMD Rule 1168 .Provide certification or validation of indoor air quality 
for sealants .

2.5   TRANSITION STRIPS

Provide clear anodized aluminum transitions between tile and carpet or 
resilient flooring. Provide types as recommended by flooring manufacturer 
for both edges and transitions of flooring materials specified Provide 
minimum 12.0 marble abrasion when tested in accordance with ASTM C241/C241M.

2.6   COLOR, TEXTURE, AND PATTERN

Provide color, pattern and texture in accordance with  as indicated.  
Color listed is not intended to limit the selection of equal colors from 
other manufacturers.
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PART 3   EXECUTION

3.1   PREPARATORY WORK AND WORKMANSHIP

Inspect surface to receive tile in conformance to the requirements of 
TCNA Hdbk for surface conditions for the type setting bed specified and 
for workmanship.  Provide variations of tiled surfaces that fall within 
maximum values shown below:

TYPE WALLS FLOORS

Dry-Set Mortar 1/8 inch in 8 ft. 1/8  inch in 10 ft.

Organic Adhesives 1/8 inch in 8 ft. 1/16 inch in 3 ft.

Latex Portland Cement Mortar 1/8 inch in 8 ft. 1/8  inch in 10 ft.

Epoxy 1/8 inch in 8 ft. 1/8  inch in 10 ft.

3.2   GENERAL INSTALLATION REQUIREMENTS

Do not start tile work until roughing in for mechanical and electrical 
work has been completed and tested, and built-in items requiring membrane 
waterproofing have been installed and tested.  Close space, in which tile 
is being set, to traffic and other work.  Keep closed until tile is firmly 
set.  Do not start floor tile installation in spaces requiring wall tile 
until after wall tile has been installed.  Apply tile in colors and 
patterns indicated in the area shown on the drawings.  Install tile with 
the respective surfaces in true even planes to the elevations and grades 
shown.  Provide special shapes as required for sills, jambs, recesses, 
offsets, external corners, and other conditions to provide a complete and 
neatly finished installation.  Solidly back tile bases and coves with 
mortar.  Do not walk or work on newly tiled floors without using kneeling 
boards or equivalent protection of the tiled surface.  Keep traffic off 
horizontal portland cement mortar installations for at least 72 hours.  
Keep all traffic off epoxy installed floors for at least 40 hours after 
grouting, and heavy traffic off for at least 7 days, unless otherwise 
specifically authorized by manufacturer.  Dimension and draw detail 
drawings  at a minimum scale of  1/4 inch = 1 foot .  Include drawings of 
pattern at inside corners, outside corners, termination points and 
location of all equipment items such as thermostats, switch plates, 
mirrors and toilet accessories mounted on surface.  Submit drawings 
showing ceramic tile pattern elevations.  Submit manufacturer's preprinted 
installation  instructions.

Do not install building construction materials that show visual evidence 
of biological growth.

3.3   INSTALLATION OF WALL TILE

Install wall tile in accordance with the TCNA Hdbk, method [_____] and 
with grout joints as recommended by the manufacturer for the type of tile  
of 3/8  inch . 

3.3.1   Workable or Cured Mortar Bed

Install tile over workable mortar bed or a cured mortar bed at the option 
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of the Contractor.  Install a  4 mil  polyethylene membrane, metal lath, and 
scratch coat.  Conform to TCNA Hdbk for workable mortar bed, materials, 
and installation of tile.  Conform to TCNA Hdbk for cured mortar bed and 
materials.

3.3.2   Dry-Set Mortar and Latex-Portland Cement Mortar

Use Dry-set to install tile in accordance with TCNA Hdbk.  Use Latex 
Portland Cement when installing porcelain ceramic tile.

3.3.3   Organic Adhesive

Conform to TCNA Hdbk for the organic adhesive installation of ceramic tile.

3.3.4   Furan Mortar and Grout

Conform to TCNA Hdbk for furan mortar and grout installation.

3.3.5   Ceramic Tile Grout

Prepare and install ceramic tile grout in accordance with TCNA Hdbk.  
Provide and apply manufacturer's standard [_____] product for sealing 
grout joints in accordance with manufacturer's recommendations.

3.4   INSTALLATION OF TRANSITION STRIPS

Install transition strips where indicated, in a manner similar to that of 
the ceramic tile floor and as recommended by the manufacturer.  Provide 
thresholds full width of the opening.  Install head joints at ends not 
exceeding  1/4 inch  in width and grouted full.

3.5   CLEANING AND PROTECTING

Upon completion, thoroughly clean tile surfaces in accordance with 
manufacturer's approved cleaning instructions.  Do not use acid for 
cleaning glazed tile.  Clean floor tile with resinous grout or with 
factory mixed grout in accordance with printed instructions of the grout 
manufacturer.  After the grout has set, provide a protective coat of a 
noncorrosive soap or other approved method of protection for tile wall 
surfaces.  Cover tiled floor areas with building paper before foot traffic 
is permitted over the finished tile floors.  Provide board walkways on 
tiled floors that are to be continuously used as passageways by workmen.  
Replace damaged or defective tiles.  Submit copy of manufacturer's printed 
maintenance instructions .

        -- End of Section --
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SECTION 09 51 00

ACOUSTICAL CEILINGS
08/17

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A489 (2018; E 2018) Standard Specification for 
Carbon Steel Eyebolts

ASTM A641/A641M (2019) Standard Specification for 
Zinc-Coated (Galvanized) Carbon Steel Wire

ASTM A653/A653M (2019) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A1008/A1008M (2016) Standard Specification for Steel, 
Sheet, Cold-Rolled, Carbon, Structural, 
High-Strength Low-Alloy, High-Strength 
Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardenable

ASTM B633 (2019) Standard Specification for 
Electrodeposited Coatings of Zinc on Iron 
and Steel

ASTM C423 (2009a) Sound Absorption and Sound 
Absorption Coefficients by the 
Reverberation Room Method

ASTM C635/C635M (2017) Standard Specification for  
Manufacture, Performance, and Testing of 
Metal Suspension Systems for Acoustical 
Tile and Lay-In Panel Ceilings

ASTM C636/C636M (2013) Standard Practice for Installation 
of Metal Ceiling Suspension Systems for 
Acoustical Tile and Lay-In Panels

ASTM C834 (2017) Standard Specification for Latex 
Sealants

ASTM E580/E580M (2017) Standard Practice for Installation 
of Ceiling Suspension Systems for 
Acoustical Tile and Lay-in Panels in Areas 
Subject to Earthquake Ground Motions
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ASTM E795 (2016) Standard Practices for Mounting 
Test Specimens During Sound Absorption 
Tests

ASTM E1264 (2019) Acoustical Ceiling Products

ASTM E1414/E1414M (2011a; E 2014) Airborne Sound Attenuation 
Between Rooms Sharing a Common Ceiling 
Plenum

ASTM E1477 (1998a; R 2017; E 2018) Standard Test 
Method for Luminous Reflectance Factor of 
Acoustical Materials by Use of 
Integrating-Sphere Reflectometers

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-301-01 (2019) Structural Engineering

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Approved Detail Drawings ; G

SD-03 Product Data

Acoustical Ceiling Systems ; G

Recycled Content for Type III Ceiling Tiles ; S

Recycled Content for Type IV Ceiling Tiles ; S

Recycled Content for Type IX Ceiling Tiles ; S

Recycled Content for Type XII Ceiling Tiles ; S

Recycled Content for Suspension Systems ; S

SD-04 Samples

SECTION 09 51 00  Page 4



Hill Air Force Base, UT, Building 591 HILL591

Acoustical Units ; G

Acoustical Ceiling Tiles ; G

SD-06 Test Reports

Fire Resistive Ceilings ; G

Ceiling Attenuation Class and Test ; G

SD-07 Certificates

Indoor Air Quality for Type III Ceiling Tiles ; S

Indoor Air Quality for Type IV Ceiling Tiles ; S

Indoor Air Quality for Type V Ceiling Tiles ; S

Indoor Air Quality for Type VI Ceiling Tiles ; S

Indoor Air Quality for Type VII Ceiling Tiles ; S

Indoor Air Quality for Type IX Ceiling Tiles ; S

Indoor Air Quality for Type X Ceiling Tiles ; S

Indoor Air Quality for Type XI Ceiling Tiles ; S

Indoor Air Quality for Type XII Ceiling Tiles ; S

Indoor Air Quality for Impact/Abrasion Resistant Ceiling Tiles ; S

Indoor Air Quality for Humidity Resistant Ceiling Tiles ; S

Indoor Air Quality for Adhesives ; S

Indoor Air Quality for Sealants ; S

1.3   CERTIFICATIONS

1.3.1   Indoor Air Quality Certifications

1.3.1.1   Ceiling Tiles

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification by other third-party programs.  Provide current 
product certification documentation from certification body. 

1.3.1.2   Adhesives and Sealants

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification or validation by other third-party programs that 
products meet the requirements of this Section. Provide current product 
certification documentation from certification body. When product does not 
have certification, provide validation that product meets the indoor air 
quality product requirments cited in this Section.
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1.4   DELIVERY, STORAGE. AND HANDLING

Deliver materials to the site in the manufacturer's original unopened 
containers with brand name and type clearly marked.  Carefully handle and 
store materials in dry, watertight enclosures.  Immediately before 
installation, store acoustical units for not less than 24 hours at the 
same temperature and relative humidity as the space where they will be 
installed in order to assure proper temperature and moisture acclimation.

1.5   ENVIRONMENTAL REQUIREMENTS

Maintain a uniform temperature of not less than  60 degrees F  nor more than  
85 degrees F  and a relative humidity of not more than 70 percent for 24 
hours before, during, and 24 hours after installation of acoustical units.

1.6   SCHEDULING

Complete and dry interior finish work such as plastering, concrete and 
terrazzo work before ceiling installation.  Complete mechanical, 
electrical, and other work above the ceiling line; install and start 
operating heating, ventilating, and air conditioning systems in order to 
maintain temperature and humidity requirements.

1.7   WARRANTY

Provide manufacturer's standard performance guarantees or warranties that 
extend beyond a one year period.  Include an agreement to repair or 
replace acoustical panels that fail within the warranty period in the 
standard performance guarantee or warranty.  Failures include, but are not 
limited to, sagging and warping of panels; rusting and manufacturers 
defects of grid system.

1.8   EXTRA MATERIALS

Furnish spare tiles, from the same lot as those installed, of each color 
at the rate of 5 tiles for each 1000 tiles installed.

1.9   OTHER SUBMITTAL REQUIREMENTS

Submit the following:

a.  Manufacturer's catalog showing UL classification of fire-rated 
ceilings giving materials, construction details, types of floor 
and roof constructions to be protected, and UL design number and 
fire protection time rating for each required floor or roof 
construction and acoustic ceiling assembly.

b.  Reports by an independent testing laboratory attesting that 
acoustical ceiling systems meet specified  sound transmission 
requirements.  Data attesting to conformance of the proposed 
system to Underwriters Laboratories requirements for the fire 
endurance rating listed in UL Fire Resistance may be submitted in 
lieu of test reports.
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PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide sound controlling units mechanically mounted on a ceiling 
suspension system for acoustical treatment.  The unit size, texture, 
finish, and color must be as specified.  The Contractor has the option to 
substitute inch-pound (I-P) Recessed Light Fixtures (RLF) for metric RLF.  
If the Contractor opts to furnish I-P RLF, other ceiling elements like 
acoustical ceiling tiles, air diffusers, air registers and grills, must 
also be I-P products.  Coordinate the whole ceiling system with other 
details, like the location of access panels and ceiling penetrations, 
etc., shown on the drawings.  The Contractor is responsible for all 
associated labor and materials and for the final assembly and performance 
of the specified work and products if I-P products are used.  The location 
and extent of acoustical treatment must be as shown on the approved detail 
drawings .  Submit drawings showing suspension system, method of anchoring 
and fastening, details, and reflected ceiling plan.  Coordinate with 
paragraph RECLAMATION PROCEDURES for reclamation of mineral fiber 
acoustical ceiling panels to be removed from the job site.

2.1.1   Ceiling Attenuation Class and Test

Provide a ceiling system with an attenuation class (CAC) of not less than 
35  when determined in accordance with ASTM E1414/E1414M .  Provide fixture 
attenuators over light fixtures and other ceiling penetrations, and 
provide acoustical blanket insulation adjacent to partitions, as required 
to achieve the specified CAC.  Provide test ceiling continuous at the 
partition and assembled in the suspension system in the same manner that 
the ceiling will be installed on the project.

2.1.2   Ceiling Sound Absorption

Determine the Noise Reduction Coefficient (NRC) in accordance with ASTM 
C423 Test Method.

2.1.3   Light Reflectance

Determine light reflectance factor in accordance with ASTM E1477 Test 
Method.

2.2   ACOUSTICAL UNITS

Submit two samples of each type of acoustical unit and each type of 
suspension grid tee section showing texture, finish, and color.  Conform 
acoustical units to ASTM E1264, Class A, and the following requirements:

2.2.1   Impact/Abrasion Resistant Units

2.2.1.1   Type

Non-asbestos mineral composition with a hardened mineral surface and 
factory applied white paint finish.  Provide a surface resistant to impact 
and abrasion.  Provide certification of indoor air quality for 
Impact/Abrasion Resistant Ceiling Tiles .

2.2.1.2   Flame Spread

Class A, 25 or less
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2.2.1.3   Pattern

E (lightly textured)

2.2.1.4   Minimum NRC

0.70  when tested on Mounting Type E-400 of ASTM E795.

2.2.1.5   Minimum Light Reflectance Coefficient

LR-1, 0.75 or greater

2.2.1.6   Nominal Size

 24 by 24 inch

2.2.1.7   Edge Detail

Tegular

2.2.1.8   Joint Detail

Trimmed and butted

2.2.2   Humidity Resistant Composition Units

2.2.3   Unit Acoustical Absorbers

Absorbers must be individually mounted sound absorbing plaques composed of 
glass fibers or non-asbestos mineral fibers and having a NRC range of not 
less than 0.60 - 0.70 when tested in accordance with ASTM C423 and 
reported as a 4 frequency average.

2.3   SUSPENSION SYSTEM

Provide standard indirect hung concealed H and T or Zee   standard width 
flange suspension system conforming to ASTM C635/C635M  for heavy-duty 
systems.  Provide surfaces exposed to view of  steel with a 
factory-applied white baked-enamel finish.  Provide wall molding having a 
flange of not less than 2.  Provide  mitered corners.  Suspended ceiling 
framing system must have the capability to support the finished ceiling, 
light fixtures, air diffusers, and accessories, as shown.  Provide a 
suspension system with a maximum deflection of 1/360 of the span length.  
Conform seismic details to the guidance in UFC 3-301-01  and ASTM E580/E580M .

Provide Suspension System containing a minimum of 15 percent recycled 
content.  Provide data identifying percentage of recycled content for 
suspension systems .

2.4   HANGERS

Provide hangers and attachment capable of supporting a minimum  300 pound  
ultimate vertical load without failure of supporting material or 
attachment.

2.4.1   Wires

Conform wires to ASTM A641/A641M , Class 1,  0.08 inch (12 gauge)  in 
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diameter.

2.4.2   Straps

Provide straps of  1 by 3/16 inch  galvanized steel conforming to 
ASTM A653/A653M , with a light commercial zinc coating or ASTM A1008/A1008M
with an electrodeposited zinc coating conforming to ASTM B633, Type RS.

2.4.3   Rods

Provide  3/16 inch  diameter threaded steel rods, zinc or cadmium coated.

2.4.4   Eyebolts

Provide eyebolts of weldless, forged-carbon-steel, with a straight-shank 
in accordance with ASTM A489.  Eyebolt size must be a minimum  1/4 inch , 
zinc coated.

2.5   ADHESIVE

Use adhesive as recommended by tile manufacturer.  

2.6   FINISHES

Use manufacturer's standard textures, patterns and finishes as specified 
for acoustical units and suspension system members.  Treat ceiling 
suspension system components to inhibit corrosion.

2.7   COLORS AND PATTERNS

Use colors and patterns for acoustical units and suspension system 
components white, E (lightly textured) .

2.8   ACOUSTICAL SEALANT

Conform acoustical sealant to ASTM C834, nonstaining. 

PART 3   EXECUTION

3.1   INSTALLATION

Do not install building construction materials that show visual evidence 
of biological growth.

Examine surfaces to receive directly attached acoustical units for 
unevenness, irregularities, and dampness that would affect quality and 
execution of the work.  Rid areas, where acoustical units will be 
cemented, of oils, form residue, or other materials that reduce bonding 
capabilities of the adhesive.  Complete and dry interior finish work such 
as plastering, concrete, and terrazzo work before installation.  Complete 
and approve mechanical, electrical, and other work above the ceiling line 
prior to the start of acoustical ceiling installation.  Provide acoustical 
work complete with necessary fastenings, clips, and other accessories 
required for a complete installation.  Do not expose mechanical fastenings 
in the finished work.  Lay out hangers for each individual room or space.  
Provide hangers to support framing around beams, ducts, columns, grilles, 
and other penetrations through ceilings.  Keep main runners and carrying 
channels clear of abutting walls and partitions.  Provide at least two 
main runners for each ceiling span.  Wherever required to bypass an object 
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with the hanger wires, install a subsuspension system so that all hanger 
wires will be plumb.

3.1.1   Suspension System

Install suspension system in accordance with ASTM C636/C636M and as 
specified herein.  Do not suspend hanger wires or other loads from 
underside of steel decking.

3.1.1.1   Plumb Hangers

Install hangers plumb and not pressing against insulation covering ducts 
and pipes.  Where lighting fixtures are supported from the suspended 
ceiling system, provide hangers at a minimum of four hangers per fixture 
and located not more than  6 inch  from each corner of each fixture.

3.1.1.2   Splayed Hangers

Where hangers must be splayed (sloped or slanted) around obstructions, 
offset the resulting horizontal force by bracing, countersplaying, or 
other acceptable means.

3.1.2   Wall Molding

Provide wall molding where ceilings abut vertical surfaces.  Miter corners 
where wall moldings intersect or install corner caps.  Secure wall molding 
not more than  3 inch  from ends of each length and not more than  16 inch  on 
centers between end fastenings.  Provide wall molding springs at each 
acoustical unit in semi-exposed or concealed systems.

3.1.3   Acoustical Units

Install acoustical units in accordance with the approved installation 
instructions of the manufacturer.  Ensure that edges of acoustical units 
are in close contact with metal supports, with each other, and in true 
alignment.  Arrange acoustical units so that units less than one-half 
width are minimized.  Hold units in exposed-grid system in place with 
manufacturer's standard hold-down clips, if units weigh less than  1 psf  or 
if required for fire resistance rating.

3.1.4   Caulking

Seal all joints around pipes, ducts or electrical outlets penetrating the 
ceiling.  Apply a continuous ribbon of acoustical sealant on vertical web 
of wall or edge moldings.

3.1.5   Adhesive Application

Wipe back of tile to remove accumulated dust.  Daub acoustical units on 
back side with four equal daubs of adhesive.  Apply daubs near corners of 
tiles.  Ensure that contact area of each daub is at least  2 inch  diameter 
in final position.  Press units into place, aligning joints and abutting 
units tight and uniform without differences in joint widths.

3.2   CEILING ACCESS PANELS

Locate ceiling access panels directly under the items which require access.
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3.3   CLEANING

Following installation, clean dirty or discolored surfaces of acoustical 
units and leave them free from defects.  Remove units that are damaged or 
improperly installed and provide new units as directed.

3.4   RECLAMATION PROCEDURES

Neatly stack ceiling tile, designated for recycling by the Contracting 
Officer, on  4 by 4 foot  pallets not higher than  4 foot .  Panels must be 
completely dry.  Shrink wrap and symmetrically stack pallets on top of 
each other without falling over.

        -- End of Section --
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The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM E648 (2017a) Standard Test Method for Critical 

Radiant Flux of Floor-Covering Systems 

Using a Radiant Heat Energy Source 

 

ASTM F1861 (2016) Standard Specification for 

Resilient Wall Base 

 

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH) 

 

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 

the Testing and Evaluation of Volatile 

Organic Chemical Emissions from Indoor 

Sources using Environmental Chambers 
 

GREEN SEAL (GS) 

 

GS-36  (2013) Adhesives for Commercial Use 

SCIENTIFIC CERTIFICATION SYSTEMS (SCS) 

SCS  SCS Global Services (SCS) Indoor Advantage 

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD) 

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications 

UNDERWRITERS LABORATORIES (UL) 

UL 2818 (2013) GREENGUARD Certification Program 

For Chemical Emissions For Building 

Materials, Finishes And Furnishings 
 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance to 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 
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SD-02 Shop Drawings 

 

Resilient Flooring and Accessories; G 

SD-03 Product Data 

Resilient Flooring and Accessories; G 

Adhesives 

Vinyl Composition Tile 
 

Recycled content for Vinyl Composition Tile; S 

Sheet Vinyl Flooring 

Recycled content for Sheet Vinyl Flooring; S 

Luxury Vinyl Tile 

Recycled content for Luxury Vinyl Tile; S 

Rubber Tile 

Rubber Sheet Flooring 

Solid Vinyl Tile 

Cement-Fiber Board 

Wall Base 

Stair Treads, Risers and Stringers 

Sheet Linoleum 

Recycled content for Sheet Linoleum; S 

Bio-based content for Sheet Linoleum; S 

Linoleum Tile 

Recycled content for Linoleum Tile; S 

Bio-based content for Linoleum Tile; S 

Cork Flooring 

Recycled content for Cork Flooring; S 

Bio-based content for Cork Flooring; S 

SD-04 Samples 
 

Resilient Flooring and Accessories; G 

SD-06 Test Reports 
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Moisture, Alkalinity and Bond Tests; G 

SD-07 Certificates 

Indoor Air Quality for Vinyl Composition Tile; S 

Indoor Air Quality for Sheet Vinyl Flooring; S 

Indoor Air Quality for Rubber Tile; S 

Indoor Air Quality for Rubber Sheet Flooring; S 

Indoor Air Quality for Luxury Vinyl Tile; S 

Indoor Air Quality for Solid Vinyl Tile; S 

Indoor Air Quality for Sheet Linoleum; S  

Indoor Air Quality for Linoleum Tile; S 

Indoor Air Quality for Cork Flooring; S 

Indoor Air Quality for Wall Base; S 

Indoor Air Quality for Adhesives; S 

Certified Sustainably Harvested Cork Flooring; S 

SD-08 Manufacturer's Instructions 

Surface Preparation; G 

Installation; G 

SD-10 Operation and Maintenance Data 

Resilient Flooring and Accessories; G 

1.3 CERTIFICATES 
 

1.3.1 Indoor Air Quality 

 

Submit required indoor air quality certifications and validations in one 

submittal package. 

 

1.3.1.1 Floor Covering Materials 

 

Provide wall base products certified to meet indoor air quality 

requirements by FLOORSCORE, UL 2818 (Greenguard) Gold, SCS Global Services 

Indoor Advantage Gold or provide certification by other third-party 

programs. Provide current product certification documentation from 

certification body. 

 

1.3.1.2 Adhesives, Caulking and Sealants 

 

Provide products certified to meet indoor air quality requirements by 

UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 

provide certification or validation by other third-party programs that 

products meet the requirements of this Section. Provide current product 
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certification documentation from certification body. When product does 

not have certification, provide validation that product meets the indoor 

air quality product requirements cited herein. 

 

1.4 DELIVERY, STORAGE, AND HANDLING 

 

Deliver materials to the building site in original unopened containers 

bearing the manufacturer's name, style name, pattern color name and 

number, production run, project identification, and handling 

instructions. Store materials in a clean, dry, secure, and 

well-ventilated area free from strong contaminant sources and residues 

with ambient air temperature maintained above 68 degrees F and below 85 

degrees F, stacked according to manufacturer's recommendations. Remove 

resilient flooring products from packaging to allow ventilation prior to 

installation. Protect materials from the direct flow of heat from hot-air 

registers, radiators and other heating fixtures and appliances. Observe 

ventilation and safety procedures specified in the MSDS. Do not store 

rubber surface products with materials that have a high capacity to adsorb 

volatile organic compound (VOC) emissions, including [   ]. Do not 

store exposed rubber surface materials in occupied spaces. 

 

1.5 ENVIRONMENTAL REQUIREMENTS 

 

Maintain areas to receive resilient flooring at a temperature above 68 

degrees F and below 85 degrees F for 3 days before application, during 

application and 2 days after application, unless otherwise directed by the 

flooring manufacturer for the flooring being installed. Maintain a 

minimum temperature of 55 degrees F thereafter. Provide adequate 

ventilation to remove moisture from area and to comply with regulations 

limiting concentrations of hazardous vapors. 

 

1.6 SCHEDULING 

 

Schedule resilient flooring application after the completion of other work 

which would damage the finished surface of the flooring. 

 

1.7 WARRANTY 

 

Provide manufacturer's standard performance guarantees or warranties that 

extend beyond a one year period. 

 

1.8 EXTRA MATERIALS 

 

Provide extra wall base material composed of 20 linear feet of each type, 

color and pattern. Package all extra materials in original properly 

marked containers bearing the manufacturer's name, brand name, pattern 

color name and number, production run, and handling instructions. Provide 

extra materials from the same lot as those installed. Leave extra stock 

at the site in location assigned by Contracting Officer. 

 

PART 2 PRODUCTS 

 

2.1 WALL BASE 

 

Conform to ASTM F1861, Type TS (vulcanized thermoset rubber), Style A 

(straight - installed with carpet), and Style B (coved - installed with 

resilient flooring). Provide 4 inch high and a minimum 1/8 inch thick 

wall base. Provide job formed corners in matching height, shape, and 

color. 
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Provide certification of indoor air quality for Wall Base. 

 

2.2 LUXURY VINYL TILE  

 

Conform to ASTM F1700 Class III printed film with a minimum wear layer 

thickness 0.50 mm 0.020 inch (20 mil) and minimum overall thickness 5 mm 

0.197 inch with non slip/skid backing, Type B (embossed). Provide 9 by 48 

inch tile. Provide tile with a factory protective finish that enhances 

cleanability and durability. 

 

2.3 ADHESIVES 

 

Provide adhesives for flooring, base and accessories as recommended by the 

manufacturer and comply with local indoor air quality standards. Submit 

manufacturer's descriptive data, documentation stating physical 

characteristics, and mildew and germicidal characteristics. 

 

Provide non-aerosol adhesive products used on the interior of the building 

(defined as inside of the weatherproofing system) that meet either 

emissions requirements of CDPH SECTION 01350 (limit requirements for 

either office or classroom spaces regardless of space type) or VOC content 

requirements of SCAQMD Rule 1168. Provide aerosol adhesives used on the 

interior of the building that meet either emissions requirements of 

CDPH SECTION 01350 (use the office or classroom requirements, regardless 

of space type) or VOC content requirements of GS-36. Provide certification 

or validation of indoor air quality for adhesives. 

 

2.4 MANUFACTURER'S COLOR, PATTERN AND TEXTURE 

 

Provide color, pattern and texture for resilient flooring and accessories 

as indicated on the drawings. Color listed is not intended to limit the 

selection of equal colors from other manufacturers. Submit manufacturer's 

descriptive data and three samples of each indicated color and type of 

flooring, base, mouldings, and accessories sized a minimum 2-1/2 by 4 inch. 

Submit Data Package 1 in accordance with Section 01 78 23 OPERATION AND 

MAINTENANCE DATA. 

 

2.5 FIRE RESISTANCE TESTING REQUIREMENTS 

 

Provide a minimum average critical radiant flux of [0.22][0.45] watts per 

square centimeter for flooring in corridors and exits when tested in 

accordance with ASTM E648. 

 

PART 3 EXECUTION 

 

3.1 EXAMINATION 

 

Examine and verify that site conditions are in agreement with the design 

package. Report all conditions that will prevent a proper installation. 

Do not take any corrective action without written permission from the 

Government. Work will proceed only when conditions have been corrected 

and accepted by the installer. Submit manufacturer's printed installation 

instructions for all flooring materials and accessories, including 

preparation of substrate, seaming techniques, and recommended adhesives. 

 

3.2 GENERAL INSTALLATION 

 

Do not install building construction materials that show visual evidence 

of biological growth. 
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3.3 PLACING WALL BASE 

 

Install wall base in accordance with manufacturer's printed installation 

instructions. Prepare and apply adhesives in accordance with 

manufacturer's printed directions. Tighten base joints and make even with 

adjacent resilient flooring. Fill voids along the top edge of base at 
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masonry walls with caulk. Roll entire vertical surface of base with hand 

roller, and press toe of base with a straight piece of wood to ensure 

proper alignment. Avoid excess adhesive in corners. 

 

3.4 CLEANING 

 

Immediately upon completion of installation of flooring in a room or an 

area, dry and clean the flooring and adjacent surfaces to remove all 

surplus adhesive. Clean flooring as recommended in accordance with 

manufacturer's printed maintenance instructions and within the recommended 

time frame. As required by the manufacturer, apply the recommended number 

of coats and type of polish and finish in accordance with manufacturer's 

written instructions. 

 

3.5 PROTECTION 

 

From the time of installation until acceptance, protect flooring from 

damage as recommended by the flooring manufacturer. Remove and replace 

flooring which becomes damaged, loose, broken, or curled and wall base 

which is not tight to wall or securely adhered. 

 

-- End of Section -- 
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PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF TEXTILE CHEMISTS AND COLORISTS (AATCC)

AATCC 16 (2004; E 2008; E 2010) Colorfastness to 
Light

AATCC 107 (2013) Colorfastness to Water

AATCC 134 (2016) Electrostatic Propensity of Carpets

AATCC 165 (2013) Colorfastness to Crocking:  Textile 
Floor Coverings - Crockmeter Method

AATCC 174 (2016) Antimicrobial Activity Assessment 
of New Carpets

ASTM INTERNATIONAL (ASTM)

ASTM D1335 (2017; E 2018) Standard Test Method for 
Tuft Bind of Pile Yarn Floor Coverings

ASTM D2859 (2016) Standard Test Method for Ignition 
Characteristics of Finished Textile Floor 
Covering Materials

ASTM D3278 (1996; R 2011) Flash Point of Liquids by 
Small Scale Closed-Cup Apparatus

ASTM D5793 (2018) Standard Test Method for Binding 
Sites Per Unit Length or Width of Pile 
Yarn Floor Coverings

ASTM D5848 (2010; E 2010) Mass Per Unit Area of Pile 
Yarn Floor Coverings

ASTM D6859 (2011) Standard Test Method for Pile 
Thickness of Finished Level Pile Yarn 
Floor Coverings

ASTM D7330 (2015) Standard Test Method for Assessment 
of Surface Appearance Change in Pile Floor 
Coverings Using Standard Reference Scales

ASTM E648 (2017a) Standard Test Method for Critical 
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Radiant Flux of Floor-Covering Systems 
Using a Radiant Heat Energy Source

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers

CARPET AND RUG INSTITUTE (CRI)

CRI 104 (2015) Carpet Installation Standard for 
Comnmercial Carpet

CRI 105 (2015) Carpet Installation Standard for 
Residential Carpet

CRI GLP QM (2017) Green Label Plus Quality Manual

CRI Test Method 103 (2015) Standard Test Method for the 
Evaluation of Texture Appearance Retention 
of Carpet Standards Program

GREEN SEAL (GS)

GS-36 (2013) Adhesives for Commercial Use

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO 2551 (1981) Machine-made Textile Floor 
Coverings - Determination of Dimensional 
Changes Due to the Effects of Varied Water 
and Heat Conditions

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1113 (2016) Architectural Coatings

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

16 CFR 1630 Standard for the Surface Flammability of 
Carpets and Rugs (FF 1-70)

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
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submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Installation Drawings ; G

SD-03 Product Data

Carpet ; G

Carpet Cushion ; G

Recycled Content for Carpeting ; S

Recycled Content for Fiber Cushion ; S

Recycled Content for Rubber Cushion ; S

Recycled Content for Polyurethane-Foam Cushion ; S

Moldings ; G

Indoor Air Quality for Aerosol Adhesives ; S

Indoor Air Quality for Non-Aerosol Adhesives ; S

Indoor Air Quality for Concrete Primer ; S

SD-04 Samples

Carpet ; G

Moldings ; G

Carpet Cushion ; G

SD-06 Test Reports

Moisture and Alkalinity Tests ; G

SD-07 Certificates

Indoor Air Quality for Carpet ; S

Indoor Air Quality for Fiber Cushion ; S

Indoor Air Quality for Rubber Cushion ; S

Indoor Air Quality for Polyurethane-Foam Cushion ; S

SD-08 Manufacturer's Instructions

Surface Preparation
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SD-10 Operation and Maintenance Data

Cleaning and Protection

Maintenance Service

SD-11 Closeout Submittals

Warranty

1.3   CERTIFICATIONS

1.3.1   Indoor Air Quality Certifications

1.3.1.1   Floor Covering Materials

Provide carpet and cushion products certified to meet indoor air quality 
requirements by UL 2818  (GreenGuard) Gold, SCS Global Services Indoor 
Advantage Gold, CRI GLP QM or provide certification or validation by other 
third-party program that products meet the requirements of this Section.  
Provide current product certification documentation from certification 
body.  When product does not have certification, provide validation that 
product meets the indoor air quality product requirements cited herein.

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver materials to the site in the manufacturer's original wrappings and 
packages clearly labeled with the manufacturer's name, brand name, size, 
dye lot number, and related information.  Remove materials from packaging 
and store them in a clean, dry, well ventilated area (100 percent outside 
air supply, minimum of 1.5 air changes per hour, and no recirculation),
protected from damage, soiling, and moisture , and strong contaminant 
sources and residues , and maintain at a temperature above  60 degrees F  for 
2 days prior to installation.  Do not store carpet or carpet tiles with 
materials which have high emissions of volatile organic compounds (VOCs) 
or other contaminants, including paints and adhesives.   Do not store 
carpet near materials that may off gas or emit harmful fumes, such as 
kerosene heaters, fresh paint, or adhesives.

1.5   AMBIENT CONDITIONS

Maintain areas in which carpeting is to be installed at a temperature above
 60 degrees F  and below  90 degrees F  for 2 days before installation, 
during installation, and for 2 days after installation.  Provide temporary 
ventilation during work of this section.  Maintain a minimum temperature of
 55 degrees F  thereafter for the duration of the contract.

1.6   WARRANTY

Provide manufacturer's standard performance guarantees or warranties 
including minimum ten year wear warranty, two year material and 
workmanship and ten year tuft bind and delamination.

PART 2   PRODUCTS

2.1   CARPET

Furnish first quality carpet that is free of visual blemishes, streaks, 
poorly dyed areas, fuzzing of pile yarn, spots or stains, and other 
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physical and manufacturing defects.  Provide carpet materials and 
treatments as reasonably nonallergenic and free of other recognized health 
hazards.  Provide a static control construction on all grade carpets which 
gives adequate durability and performance.  Submit manufacturer's catalog 
data and printed documentation stating physical characteristics, 
durability, resistance to fading, and flame resistance characteristics for 
each type of carpet material and installation accessory.  Submit 
manufacturer's Product Data for 1) Carpet.  Also, submit Samples of the 
following:

a.  Carpet:  Two "Production Quality" samples  18 by 18 inches  of each 
carpet proposed for use, showing quality, pattern, and color specified

2.1.1   Recycled Content

Carpeting must contain a minimum of40 percent recycled content.  Provide 
data identifying percentage of recycled content for carpeting .

Provide certification of indoor air quality for carpet .

2.1.2   Indoor Air Quality Requirements

Products must meet emissions requirements of CDPH SECTION 01350 .  Provide 
certification or validation of indoor air quality for carpet .

2.1.3   Physical Characteristics for Modular Tile Carpet

2.1.3.1   Carpet Construction

Bonded 

2.1.3.2   Type

36 X 18  inch square  with 0.15 percent growth/shrink rate in accordance 
with ISO 2551 .

2.1.3.3   Pile Type

Level-loop

2.1.3.4   Pile Fiber

Commercial 100 percent branded (federally registered trademark) nylon 
continuous filament.

2.1.3.5   Gauge or Pitch

Minimum 1/10  inch  in accordance with ASTM D5793

2.1.3.6   Stitches or Rows/Wires

Minimum 12 per  square inch

2.1.3.7   Surface Pile Weight

Minimum 20 ounces per square yard .  This does not include weight of 
backings.  Determine weight in accordance with ASTM D5848.
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2.1.3.8   Pile Thickness

Minimum 1/4  inch  in accordance with ASTM D6859

2.1.3.9   Pile Density

Minimum 7460 0Z./Y3

2.1.3.10   Dye Method

Solution dyed Yarn (or Skein) dyed

2.1.3.11   Backing Materials

Provide primary backing materials like those customarily used and accepted 
by the trade for each type of carpet .  Provide secondary backing to suit 
project requirements of those customarily used and accepted by the trade 
for each type of carpet.

2.2   PERFORMANCE REQUIREMENTS

2.2.1   Texture Appearance Retention Rating (TARR)

Provide carpet with a greater than or equal to 3.0 (Heavy) TARR traffic 
level classification in accordance with ASTM D7330 or CRI Test Method 103 .

2.2.2   Static Control

Provide static control to permanently regulate static buildup to less than 
2.0 kV when tested at 20 percent relative humidity and  70 degrees F  in 
accordance with AATCC 134.

2.2.3   Flammability and Critical Radiant Flux Requirements

Comply with 16 CFR 1630  or ASTM D2859.  Provide carpet in corridors and 
exits with a minimum average critical radiant flux of [0.22] [0.45] watts 
per square centimeter when tested in accordance with ASTM E648.

2.2.4   Tuft Bind

Comply with ASTM D1335 for tuft bind force required to pull a tuft or loop 
free from carpet backing with a minimum 3 pound average force for cut pile 
broadloom.

2.2.5   Colorfastness to Crocking

Comply dry and wet crocking with AATCC 165 and with a Class 4 minimum 
rating on the AATCC Color Transference Chart for all colors.

2.2.6   Colorfastness to Light

Comply colorfastness to light with AATCC 16, Test Option E "Water-Cooled 
Xenon-Arc Lamp, Continuous Light" and with a minimum 4 grey scale rating 
after 40 hours.

2.2.7   Colorfastness to Water

Comply colorfastness to water with AATCC 107 and with a minimum 4.0 gray 
scale rating and a minimum 4.0 transfer scale rating.
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2.2.8   Delamination Strength

Provide delamination strength for tufted carpet with a secondary back of 
minimum  2.5 lbs/inch .

2.2.9   Antimicrobial

Nontoxic antimicrobial treatment in accordance with AATCC 174 Part I 
(qualitative), guaranteed by the carpet manufacturer to last the life of 
the carpet.

2.3   ADHESIVES AND CONCRETE PRIMER

Comply with applicable regulations regarding toxic and hazardous 
materials.  Provide water resistant, mildew resistant, nonflammable, and 
nonstaining adhesives and concrete primers for carpet installation as 
required by the carpet manufacturer.  Provide release adhesive for modular 
tile carpet as recommended by the carpet manufacturer.  Provide adhesives 
flashpoint of minimum  140 degrees F  in accordance with ASTM D3278.   
Non-aerosol adhesive products used on the interior of the building 
(defined as inside of the weatherproofing system) must meet either 
emissions requirements of CDPH SECTION 01350  (limit requirements for 
either office or classroom spaces regardless of space type) or VOC content 
requirements of SCAQMD Rule 1168 .  Aerosol adhesive products used on the 
interior of the building (defined as inside of the weatherproofing system) 
must meet either emissions requirements of CDPH SECTION 01350  (limit 
requirements for either office or classroom spaces regardless of space 
type) or VOC content requirements of GS-36.  Provide validation of indoor 
air quality for aerosol adhesives .  Provide validation of indoor air 
quality for non-aerosol adhesives .  Concrete primer products used on the 
interior of the building (defined as inside of the weatherproofing system) 
must meet either emissions requirements of CDPH SECTION 01350  (limit 
requirements for either office or classroom spaces regardless of space 
type) or VOC content requirements of SCAQMD Rule 1113 .  Provide validation 
of indoor air quality for concrete primer .

2.4   COLOR, TEXTURE, AND PATTERN

Provide color, texture, and pattern in accordance with the drawings.

PART 3   EXECUTION

3.1   SURFACE PREPARATION

Do not install carpet on surfaces that are unsuitable and will prevent a 
proper installation.  Prepare subfloor in accordance with flooring 
manufacturer's recommended instructions.  Repair holes, cracks, 
depressions, or rough areas using material recommended by the carpet or 
adhesive manufacturer.  Free floor of any foreign materials and sweep 
clean.  Before beginning work, test subfloor with glue and carpet to 
determine "open time" and bond.  Submit three copies of the manufacturer's 
printed Installation instructions for the carpet, including Surface 
Preparation, seaming techniques, and recommended adhesives and tapes.

3.2   MOISTURE AND ALKALINITY TESTS

Test concrete slab for moisture content and excessive alkalinity in 
accordance with CRI 104 / CRI 105 .  Submit three copies of reports of 
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Moisture and Alkalinity Tests including content of concrete slab stating 
date of test, person conducting the test, and the area tested.

3.3   PREPARATION OF CONCRETE SUBFLOOR

Do not commence installation of the carpeting until concrete substrate is 
at least 90 days old.  Prepare the concrete surfaces in accordance with 
the carpet manufacturer's instructions.  Match carpet, when required, and 
adhesives to prevent off-gassing to a type of curing compounds, leveling 
agents, and concrete sealer.

3.4   INSTALLATION

Isolate area of installation from rest of building.  Perform all work by 
manufacturer's approved installers.  Conduct installation in accordance 
with the manufacturer's printed instructions and CRI 104 / CRI 105 .  Protect 
edges of carpet meeting hard surface flooring with molding and install in 
accordance with the molding manufacturer's printed instructions.  Use 
autofoam mothproofing system for wool carpets. Follow ventilation, personal 
protection, and other safety precautions recommended by the adhesive 
manufacturer.  Continue ventilation during installation and for at least 
72 hours following installation.  Do not permit traffic or movement of 
furniture or equipment in carpeted area for 24 hours after installation.  
Complete other work which would damage the carpet prior to installation of 
carpet.  Submit three copies of Installation Drawings  for 1) Carpet, 
indicating areas receiving carpet, carpet types, patterns, direction of 
pile, location of seams, and locations of edge molding.

Do not install building construction materials that show visual evidence 
of biological growth.

3.4.1   Modular Tile Installation

Install modular tiles with manufacturer approved adhesive tab system 
adhesive and snug joints.  Use brick installation method.  Comply with 
manufacturer installation instructions for required drying time of 
releasable adhesive so it sets up properly.  Provide accessibility to the 
subfloor where required.  Carpet tile on stairs and sloped surfaces must 
be installed with a more permanent installation method in accordance with 
the manufacturer's instructions and with manufacturer recommended 
adhesives for this application.  

3.5   CLEANING AND PROTECTION

Submit three copies of carpet manufacturer's maintenance instructions 
describing recommended type of cleaning equipment and material, spotting 
and cleaning methods, and cleaning cycles.

3.5.1   Cleaning

As specified in Section 01 78 00  CLOSEOUT SUBMITTALS.  After installation 
of the carpet, remove debris, scraps, and other foreign matter.  Remove 
soiled spots and adhesive from the face of the carpet with appropriate 
spot remover.  Cut off and remove protruding face yarn.  Vacuum carpet 
clean  with a high-efficiency particulate air (HEPA) filtration vacuum .

3.5.2   Protection

Protect the installed carpet from soiling and damage with heavy, 
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reinforced, nonstaining kraft paper, plywood, or hardboard sheets.  Lap 
and secure edges of kraft paper protection to provide a continuous cover.  
Restrict traffic for at least 48 hours.  Remove protective covering when 
directed by the Contracting Officer.

3.6   REMNANTS

Manage waste as specified in the Waste Management Plan. Provide remnants 
remaining from the installation, consisting of scrap pieces more than  2 
feet  in dimension with more than  6 square feet  total to the Government.

3.7   MAINTENANCE

3.7.1   Extra Materials

Provide extra material from same dye lot consisting of [full width 
continuous broadloom]  [and] [uncut carpet tiles] for future maintenance.  
Provide a minimum of [three] [_____] percent of total  square yards  of each 
carpet type, pattern, and color.  [Furnish [three] [____] percent extra of 
total adhesive tabs.]

3.7.2   Maintenance Service

Collect information from the manufacturer about [maintenance agreement] 
[green lease] options, and submit to Contracting Officer.  Service must 
reclaim materials for recycling and/or reuse.  Service must not landfill 
or burn reclaimed materials.  When such a service is not available, seek 
local recyclers to reclaim the materials.  Submit documentation of 
manufacturer's [maintenance agreement] [take-back program] [green lease] 
for carpet.  Include contact information, summary of procedures, and the 
limitations and conditions applicable to the project.  Indicate 
manufacturer's commitment to reclaim materials for recycling and reuse.

        -- End of Section --
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SECTION 09 90 00

PAINTS AND COATINGS
05/11

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)

ACGIH 0100 (2015; Suppl 2002-2016) Documentation of 
the Threshold Limit Values and  Biological 
Exposure Indices

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME A13.1 (2015) Scheme for the Identification of 
Piping Systems

ASTM INTERNATIONAL (ASTM)

ASTM C920 (2018) Standard Specification for 
Elastomeric Joint Sealants

ASTM D235 (2002; R 2012) Mineral Spirits (Petroleum 
Spirits) (Hydrocarbon Dry Cleaning Solvent)

ASTM D523 (2014; R 2018) Standard Test Method for 
Specular Gloss

ASTM D4214 (2007; R 2015) Standard Test Method for 
Evaluating the Degree of Chalking of 
Exterior Paint Films

ASTM D4263 (1983; R 2018) Standard Test Method for 
Indicating Moisture in Concrete by the 
Plastic Sheet Method

ASTM D4444 (2013; R 2018) Standard Test Method for 
Laboratory Standardization and Calibration 
of Hand-Held Moisture Meters

ASTM D6386 (2016) Standard Practice for Preparation 
of Zinc (Hot-Dip Galvanized) Coated Iron 
and Steel Product and Hardware Surfaces 
for Painting

ASTM F1869 (2016) Standard Test Method for Measuring 
Moisture Vapor Emission Rate of Concrete 
Subfloor Using Anhydrous Calcium Chloride
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MASTER PAINTERS INSTITUTE (MPI)

MPI 8 (2012) Alkyd, Exterior Flat (MPI Gloss 
Level I)

MPI 9 (2012) Alkyd, Exterior Gloss (MPI Gloss 
Level 6)

MPI 10 (2012) Latex, Exterior Flat (MPI Gloss 
Level 1)

MPI 11 (2012) Latex, Exterior Semi-Gloss, MPI 
Gloss Level 5

MPI 23 (2012) Primer, Metal, Surface Tolerant

MPI 44 (2012)     Latex, Interior, (MPI Gloss 
Level 2)

MPI 47 (2012) Alkyd, Interior, Semi-Gloss (MPI 
Gloss Level 5)

MPI 50 (2012) Primer Sealer, Latex, Interior

MPI 52 (2012) Latex, Interior, (MPI Gloss Level 3)

MPI 54 (2012) Latex, Interior, Semi-Gloss (MPI 
Gloss Level 5)

MPI 77 (2012) Epoxy, Gloss

MPI 79 (2012) Primer, Alkyd, Anti-Corrosive for 
Metal

MPI 94 (2012) Alkyd, Exterior, Semi-Gloss (MPI 
Gloss Level 5)

MPI 107 (2012) Primer, Rust-Inhibitive, Water Based

MPI 119 (2012) Latex, Exterior, Gloss (MPI Gloss 
Level 6)

MPI 134 (2012) Primer, Galvanized, Water Based

MPI 138 (2012) Latex, Interior, High Performance 
Architectural, (MPI Gloss Level 2)

MPI 139 (2012) Latex, Interior, High Performance 
Architectural, (MPI Gloss Level 3)

MPI 141 (2012) Latex, Interior, High Performance 
Architectural, Semi-Gloss (MPI Gloss Level 
5)

MPI 144 (2012) Latex, Interior, Institutional Low 
Odor/VOC, (MPI Gloss Level 2)

MPI 145 (2012) Latex, Interior, Institutional Low 
Odor/VOC, ( MPI Gloss Level 3)
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MPI 146 (2012) Latex, Interior, Institutional Low 
Odor/VOC, (MPI Gloss Level 4)

MPI 147 (May 2016) Latex, Interior, Institutional 
Low Odor/VOC, Semi-Gloss (MPI Gloss Level 
5)

MPI 153 (2012) Light Industrial Coating, Interior, 
Water Based, Semi-Gloss (MPI Gloss Level 5)

MPI 161 (2012) Light Industrial Coating, Exterior, 
Water Based ( MPI Gloss Level 3)

MPI 163 (2012) Light Industrial Coating, Exterior, 
Water Based, Semi-Gloss (MPI Gloss Level 5)

MPI 164 (2012) Light Industrial Coating, Exterior, 
Water Based, Gloss (MPI Gloss Level 6)

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC 7/NACE No.4 (2007; E 2004) Brush-Off Blast Cleaning

SSPC PA 1 (2016) Shop, Field, and Maintenance 
Coating of Metals

SSPC PA Guide 3 (1982; E 1995) A Guide to Safety in Paint 
Application

SSPC SP 1 (2015) Solvent Cleaning

SSPC SP 2 (1982; E 2000; E 2004) Hand Tool Cleaning

SSPC SP 3 (1982; E 2004) Power Tool Cleaning

SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning

SSPC SP 10/NACE No. 2 (2007) Near-White Blast Cleaning

SSPC SP 12/NACE No.5 (2002) Surface Preparation and Cleaning of 
Metals by Waterjetting Prior to Recoating

SSPC VIS 1 (2002; E 2004) Guide and Reference 
Photographs for Steel Surfaces Prepared by 
Dry Abrasive Blast Cleaning

SSPC VIS 3 (2004) Guide and Reference Photographs for 
Steel Surfaces Prepared by Hand and Power 
Tool Cleaning

SSPC VIS 4/NACE VIS 7 (1998; E 2000; E 2004) Guide and Reference 
Photographs for Steel Surfaces Prepared by 
Waterjetting
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U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 385-1-1 (2014) Safety and Health Requirements 
Manual

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-101 (2014; Rev C) Color Code for Pipelines and 
for Compressed Gas Cylinders

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FED-STD-313 (2014; Rev E) Material Safety Data, 
Transportation Data and Disposal Data for 
Hazardous Materials Furnished to 
Government Activities

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.1000 Air Contaminants

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

The current MPI, "Approved Product List" which lists paint by brand, 
label, product name and product code as of the date of contract award, 
will be used to determine compliance with the submittal requirements of 
this specification.  The Contractor may choose to use a subsequent MPI 
"Approved Product List", however, only one list may be used for the entire 
contract and each coating system is to be from a single manufacturer.  
Provide all coats on a particular substrate from a single manufacturer.  
No variation from the MPI Approved Products List is acceptable.

Samples of specified materials may be taken and tested for compliance with 
specification requirements.

SD-02 Shop Drawings

Piping Identification

SD-03 Product Data

Coating ; G

Sealant
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SD-04 Samples

Color ; G

Textured Wall Coating System ; G

Sample Textured Wall Coating System Mock-Up ; G

SD-07 Certificates

Applicator's Qualifications

Qualification Testing  laboratory for coatings; G

Indoor Air Quality for Paints and Primers

Indoor Air Quality for Consolidated Latex Paints

SD-08 Manufacturer's Instructions

Application Instructions

Mixing

Manufacturer's Safety Data Sheets

SD-10 Operation and Maintenance Data

Coatings ; G

1.3   CERTIFICATES

1.3.1   Indoor Air Quality

Submit required indoor air quality certifications in one submittal package.

1.3.1.1   Paints and Coatings

Provide paint and coating products certified to meet indoor air quality 
requirements by UL 2818  (Greenguard) Gold, SCS Global Services Indoor 
Advantage Gold or provide certification by other third-party programs.  
Provide current product certification documentation from certification 
body.

1.4   APPLICATOR'S QUALIFICATIONS

1.4.1   Contractor Qualification

Submit the name, address, telephone number, FAX number, and e-mail address 
of the contractor that will be performing all surface preparation and 
coating application.  Submit evidence that key personnel have successfully 
performed surface preparation and application of coatings on gypsum board 
and concrete  on a minimum of three similar projects within the past three 
years.  List information by individual and include the following:

a.  Name of individual and proposed position for this work.

b.  Information about each previous assignment including:
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Position or responsibility

Employer (if other than the Contractor)

Name of facility owner

Mailing address, telephone number, and telex number (if non-US) of 
facility owner

Name of individual in facility owner's organization who can be 
contacted as a reference

Location, size and description of structure

Dates work was carried out

Description of work carried out on structure

1.5   QUALITY ASSURANCE

1.5.1   Field Samples and Tests

The Contracting Officer may choose up to two coatings that have been 
delivered to the site to be tested at no cost to the Government.  Take 
samples of each chosen product as specified in the paragraph SAMPLING 
PROCEDURES.  Test each chosen product as specified in the paragraph 
TESTING PROCEDURE.  Remove products from the job site which do not 
conform, and replace with new products that conform to the referenced 
specification.  Test replacement products that failed initial testing at 
no cost to the Government.

1.5.1.1   Sampling Procedure

The Contracting Officer will select paint at random from the products that 
have been delivered to the job site for sample testing.  The Contractor 
will provide  one quart  samples of the selected paint materials.  Take 
samples in the presence of the Contracting Officer, and label, and 
identify each sample.  Provide labels in accordance with the paragraph 
PACKAGING, LABELING, AND STORAGE of this specification.

1.5.1.2   Testing Procedure

Provide Batch Quality Conformance Testing for specified products, as 
defined by and performed by MPI.  As an alternative to Batch Quality 
Conformance Testing, the Contractor may provide Qualification Testing  for 
specified products above to the appropriate MPI product specification, 
using the third-party laboratory approved under the paragraph 
"Qualification Testing" laboratory for coatings.  Include the backup data 
and summary of the test results within the qualification testing lab 
report.  Provide a summary listing of all the reference specification 
requirements and the result of each test.  Clearly indicate in the summary 
whether the tested paint meets each test requirement.  Note that 
Qualification Testing may take 4 to 6 weeks to perform, due to the extent 
of testing required.

Submit name, address, telephone number, FAX number, and e-mail address of 
the independent third party laboratory selected to perform testing of 
coating samples for compliance with specification requirements.  Submit 
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documentation that laboratory is regularly engaged in testing of paint 
samples for conformance with specifications, and that employees performing 
testing are qualified.  If MPI is chosen to perform the Batch Quality 
Conformance testing, the above submittal information is not required, only 
a letter is required from the Contractor stating that MPI will perform the 
testing.

1.5.2   Textured Wall Coating System

Three complete samples of each indicated type, pattern, and color of 
textured wall coating system applied to a panel of the same material as 
that on which the coating system will be applied in the work.  Provide 
samples of wall coating systems minimum  5 by 7 inches  and of sufficient 
size to show pattern repeat and texture.

1.6   REGULATORY REQUIREMENTS

1.6.1   Environmental Protection

In addition to requirements specified elsewhere for environmental 
protection, provide coating materials that conform to the restrictions of 
the local Air Pollution Control District and regional jurisdiction.  
Notify Contracting Officer of any paint specified herein which fails to 
conform.

1.6.2   Lead Content

Do not use coatings having a lead content over 0.06 percent by weight of 
nonvolatile content.

1.6.3   Chromate Content

Do not use coatings containing zinc-chromate or strontium-chromate.

1.6.4   Asbestos Content

Provide asbestos-free materials.

1.6.5   Mercury Content

Provide materials free of mercury or mercury compounds.

1.6.6   Silica 

Provide abrasive blast media containing no free crystalline silica.

1.6.7   Human Carcinogens

Provide materials that do not contain ACGIH 0100  confirmed human 
carcinogens (A1) or suspected human carcinogens (A2).

1.7   PACKAGING, LABELING, AND STORAGE

Provide paints in sealed containers that legibly show the contract 
specification number, designation name, formula or specification number, 
batch number, color, quantity, date of manufacture, manufacturer's 
formulation number, manufacturer's directions including any warnings and 
special precautions, and name and address of manufacturer.  Furnish 
pigmented paints in containers not larger than  5 gallons .  Store paints 
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and thinners in accordance with the manufacturer's written directions, and 
as a minimum, stored off the ground, under cover, with sufficient 
ventilation to prevent the buildup of flammable vapors, and at 
temperatures between  40 to 95 degrees F .   Do not store paint, 
polyurethane, varnish, or wood stain products with materials that have a 
high capacity to adsorb VOC emissions.  Do not store paint, polyurethane, 
varnish, or wood stain products in occupied spaces.

1.8   SAFETY AND HEALTH

Apply coating materials using safety methods and equipment in accordance 
with the following:

Comply with applicable Federal, State, and local laws and regulations, and 
with the ACCIDENT PREVENTION PLAN, including the Activity Hazard Analysis 
as specified in Section 01 35 26  GOVERNMENT SAFETY REQUIREMENTS and in 
Appendix A of EM 385-1-1 .  Include in the Activity Hazard Analysis the 
potential impact of painting operations on painting personnel and on 
others involved in and adjacent to the work zone.

1.8.1   Safety Methods Used During Coating Application

Comply with the requirements of SSPC PA Guide 3 .

1.8.2   Toxic Materials

To protect personnel from overexposure to toxic materials, conform to the 
most stringent guidance of:

a.  The applicable manufacturer's Safety Data Sheets  (SDS) or local 
regulation.

b.  29 CFR 1910.1000 .

c.  ACGIH 0100 , threshold limit values.

Submit manufacturer's Safety Data Sheets for coatings, solvents, and other 
potentially hazardous materials, as defined in FED-STD-313 .

1.9   ENVIRONMENTAL CONDITIONS

Comply, at minimum, with manufacturer recommendations for space 
ventilation during and after installation.

1.9.1   Coatings

Do not apply coating when air or substrate conditions are:

a.  Less than  5 degrees F  above dew point;

b.  Below  50 degrees F  or over  95 degrees F , unless specifically 
pre-approved by the Contracting Officer and the product manufacturer.  
Do not, under any circumstances, violate the manufacturer's 
application recommendations.

1.10   COLOR SELECTION

Provide colors of finish coats as indicated or specified.  Allow 
Contracting Officer to select colors not indicated or specified.  
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Manufacturers' names and color identification are used for the purpose of 
color identification only.  Named products are acceptable for use only if 
they conform to specified requirements.  Products of other manufacturers 
are acceptable if the colors approximate colors indicated and the product 
conforms to specified requirements.

Tint each coat progressively darker to enable confirmation of the number 
of coats.

Provide color, texture, and pattern of wall coating systems as indicated.

Submit manufacturer's samples of paint colors.  Cross reference color 
samples to color scheme as indicated. Submit color stencil codes.

1.11   LOCATION AND SURFACE TYPE TO BE PAINTED

1.11.1   Painting Included

Where a space or surface is indicated to be painted, include the following 
unless indicated otherwise.

a.  Surfaces behind portable objects and surface mounted articles readily 
detachable by removal of fasteners, such as screws and bolts.

b.  New factory finished surfaces that require identification or color 
coding and factory finished surfaces that are damaged during 
performance of the work.

c.  Existing coated surfaces that are damaged during performance of the 
work.

1.11.1.1   Exterior Painting

Includes new surfaces of the building and appurtenances.  Also included 
are existing coated surfaces made bare by cleaning operations.

1.11.1.2   Interior Painting

Includes new surfaces of the building and appurtenances as indicated and 
existing coated surfaces made bare by cleaning operations.  Where a space 
or surface is indicated to be painted, include the following items, unless 
indicated otherwise.

a.  Exposed columns, girders, beams, joists, and metal deck; and

b.  Other contiguous surfaces.

1.11.2   Painting Excluded

Do not paint the following unless indicated otherwise.

a.  Surfaces concealed and made inaccessible by panelboards, fixed 
ductwork, machinery, and equipment fixed in place.

b.  Surfaces in concealed spaces.  Concealed spaces are defined as 
enclosed spaces above suspended ceilings, furred spaces, attic spaces, 
crawl spaces, elevator shafts and chases.

c.  Steel to be embedded in concrete.
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d.  Copper, stainless steel, aluminum, brass, and lead except existing 
coated surfaces.

e.  Hardware, fittings, and other factory finished items.

1.11.3   Mechanical and Electrical Painting

Includes field coating of interior and exterior new  surfaces.

a.  Where a space or surface is indicated to be painted, include the 
following items unless indicated otherwise.

(1) Exposed piping, conduit, and ductwork;

(2) Supports, hangers, air grilles, and registers;

(3) Miscellaneous metalwork and insulation coverings.

b.  Do not paint the following, unless indicated otherwise:

(1) New zinc-coated, aluminum, and copper surfaces under insulation

(2) New aluminum jacket on piping

(3) New interior ferrous piping under insulation.

1.11.3.1   Fire Extinguishing Sprinkler Systems

Clean, pretreat, prime, and paint new fire extinguishing sprinkler systems 
including valves, piping, conduit, hangers, supports, miscellaneous 
metalwork, and accessories.  Apply coatings to clean, dry surfaces, using 
clean brushes.  Clean the surfaces to remove dust, dirt, rust, and loose 
mill scale.  Immediately after cleaning, provide the metal surfaces with 
one coat primer per schedules.  Shield sprinkler heads with protective 
covering while painting is in progress.  Upon completion of painting, 
remove protective covering from sprinkler heads.  Remove sprinkler heads 
which have been painted and replace with new sprinkler heads.  Provide 
primed surfaces with the following:

a.  Piping in Unfinished Areas:  Provide primed surfaces with one coat of 
red alkyd gloss enamel applied to a minimum dry film thickness of  1.0 
mil  in attic spaces, spaces above suspended ceilings, crawl spaces, 
pipe chases, mechanical equipment room, and spaces where walls or 
ceiling are not painted or not constructed of a prefinished 
material.[  In lieu of red enamel finish coat, provide piping with  2 
inch  wide red enamel bands or self-adhering red plastic bands spaced 
at maximum of  20 foot  intervals.]

b.  Piping in Finished Areas:  Provide primed surfaces with two coats of 
paint to match adjacent surfaces, except provide valves and operating 
accessories with one coat of red alkyd gloss enamel applied to a 
minimum dry film thickness of  1.0 mil .  Provide piping with  2 inch  
wide red enamel bands or self-adhering red plastic bands spaced at 
maximum of  20 foot  intervals throughout the piping systems.

SECTION 09 90 00  Page 12



Hill Air Force Base, UT, Building 591 HILL591

1.11.4   Definitions and Abbreviations

1.11.4.1   Qualification Testing

Qualification testing is the performance of all test requirements listed 
in the product specification.  This testing is accomplished by MPI to 
qualify each product for the MPI Approved Product List, and may also be 
accomplished by Contractor's third party testing lab if an alternative to 
Batch Quality Conformance Testing by MPI is desired.

1.11.4.2   Batch Quality Conformance Testing

Batch quality conformance testing determines that the product provided is 
the same as the product qualified to the appropriate product 
specification.  This testing must be accomplished by an MPI testing lab.

1.11.4.3   Coating

A film or thin layer applied to a base material called a substrate.  A 
coating may be a metal, alloy, paint, or solid/liquid suspensions on 
various substrates (such as metals, plastics, wood, paper, leather, 
cloth).  They may be applied by electrolysis, vapor deposition, vacuum, or 
mechanical means such as brushing, spraying, calendaring, and roller 
coating.  A coating may be applied for aesthetic or protective purposes or 
both.  The term "coating" as used herein includes emulsions, enamels, 
stains, varnishes, sealers, epoxies, and other coatings, whether used as 
primer, intermediate, or finish coat.  The terms paint and coating are 
used interchangeably.

1.11.4.4   DFT or dft

Dry film thickness, the film thickness of the fully cured, dry paint or 
coating.

1.11.4.5   DSD

Degree of Surface Degradation, the MPI system of defining degree of 
surface degradation.  Five (5) levels are generically defined under the 
Assessment sections in the MPI Maintenance Repainting Manual.

1.11.4.6   EPP

Environmentally Preferred Products, a standard for determining 
environmental preferability in support of Executive Order 13101.

1.11.4.7   EXT

MPI short term designation for an exterior coating system.

1.11.4.8   INT

MPI short term designation for an interior coating system.

1.11.4.9   micron / microns

The metric measurement for 0.001 mm or one/one-thousandth of a millimeter.
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1.11.4.10   mil / mils

The English measurement for 0.001 in or one/one-thousandth of an inch, 
equal to 25.4 microns or 0.0254 mm.

1.11.4.11   mm

The metric measurement for millimeter, 0.001 meter or one/one-thousandth 
of a meter.

1.11.4.12   MPI Gloss Levels

MPI system of defining gloss.  Seven (7) gloss levels (G1 to G7) are 
generically defined under the Evaluation sections of the MPI Manuals.  
Traditionally, Flat refers to G1/G2, Eggshell refers to G3, Semigloss 
refers to G5, and Gloss refers to G6. 

Gloss levels are defined by MPI as follows:

Gloss   Description      Units            Units
Level                    at 60 degrees    at 85 degrees

G1      Matte or Flat    0 to 5           10 max
G2      Velvet           0 to 10          10 to 35
G3      Eggshell         10 to 25         10 to 35
G4      Satin            20 to 35         35 min
G5      Semi-Gloss       35 to 70         
G6      Gloss            70 to 85
G7      High Gloss 

Gloss is tested in accordance with ASTM D523.  Historically, the 
Government has used Flat (G1 / G2), Eggshell (G3), Semi-Gloss (G5), and 
Gloss (G6).

1.11.4.13   MPI System Number

The MPI coating system number in each Division found in either the MPI 
Architectural Painting Specification Manual or the Maintenance Repainting 
Manual and defined as an exterior (EXT/REX) or interior system (INT/RIN).  
The Division number follows the CSI Master Format.

1.11.4.14   Paint

See Coating definition.

1.11.4.15   REX

MPI short term designation for an exterior coating system used in 
repainting projects or over existing coating systems.

1.11.4.16   RIN

MPI short term designation for an interior coating system used in 
repainting projects or over existing coating systems.
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PART 2   PRODUCTS

2.1   MATERIALS

Conform to the coating  specifications and standards referenced in PART 3.  
Submit product data sheets for specified coatings  and solvents.  Provide 
preprinted cleaning and maintenance instructions for all coating systems.

Submit Manufacturer's Instructions on Mixing: Detailed mixing 
instructions, minimum and maximum application temperature and humidity, 
potlife, and curing and drying times between coats.

Provide certification of Indoor Air Quality for paints and primers .

Provide certification of Indoor Air Quality for consolidated latex paints .

PART 3   EXECUTION

3.1   PROTECTION OF AREAS AND SPACES NOT TO BE PAINTED

Prior to surface preparation and coating applications, remove, mask, or 
otherwise protect hardware, hardware accessories, machined surfaces, 
radiator covers, plates, lighting fixtures, public and private property, 
and other such items not to be coated that are in contact with surfaces to 
be coated.  Following completion of painting, reinstall removed items by 
workmen skilled in the trades.  Restore surfaces contaminated by coating 
materials, to original condition and repair damaged items.

3.2   RESEALING OF EXISTING EXTERIOR JOINTS

3.2.1   Surface Condition

Begin with surfaces that are clean, dry to the touch, and free from frost 
and moisture; remove grease, oil, wax, lacquer, paint, defective backstop, 
or other foreign matter that would prevent or impair adhesion.  Where 
adequate grooves have not been provided, clean out to a depth of  1/2 inch  
and grind to a minimum width of  1/4 inch  without damage to adjoining 
work.  Grinding is not required on metal surfaces.

3.2.2   Backstops

In joints more than  1/2 inch  deep, install glass fiber roving or neoprene, 
butyl, polyurethane, or polyethylene foams free of oil or other staining 
elements as recommended by sealant manufacturer.  Provide backstop 
material compatible with sealant.  Do not use oakum and other types of 
absorptive materials as backstops.

3.2.3   Primer and Bond Breaker

Install the type recommended by the sealant manufacturer.

3.2.4   Ambient Temperature

Between  38 degrees F  and  95 degrees F  when applying sealant.

3.2.5   Exterior Sealant

For joints in vertical surfaces, provide ASTM C920, Type S or M, Grade NS, 
Class 25, Use NT.  For joints in horizontal surfaces, provide ASTM C920, 
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Type S or M, Grade P, Class 25, Use T.  Color(s) will be selected by the 
Contracting Officer.  Apply the sealant in accordance with the 
manufacturer's printed instructions.  Force sealant into joints with 
sufficient pressure to fill the joints solidly.  Apply sealant uniformly 
smooth and free of wrinkles.

3.2.6   Cleaning

Immediately remove fresh sealant from adjacent areas using a solvent 
recommended by the sealant manufacturer.  Upon completion of sealant 
application, remove remaining smears and stains and leave the work in a 
clean condition.  Allow sealant time to cure, in accordance with 
manufacturer's recommendations, prior to coating.

3.3   SURFACE PREPARATION

Remove dirt, splinters, loose particles, grease, oil, disintegrated 
coatings, and other foreign matter and substances deleterious to coating 
performance as specified for each substrate before application of paint or 
surface treatments.  Remove oil and grease prior to mechanical cleaning.  
Schedule cleaning so that dust and other contaminants will not fall on 
wet, newly painted surfaces.  Spot-prime exposed ferrous metals such as 
nail heads on or in contact with surfaces to be painted with water-thinned 
paints, with a suitable corrosion-inhibitive primer capable of preventing 
flash rusting and compatible with the coating specified for the adjacent 
areas.

3.3.1   Additional Requirements for Preparation of Surfaces With Existing 
Coatings

Before application of coatings, perform the following on surfaces covered 
by soundly-adhered coatings, defined as those which cannot be removed with 
a putty knife:

a.  Test existing finishes for lead before sanding, scraping, or 
removing.  If lead is present, refer to paragraph Toxic Materials.

b.  Wipe previously painted surfaces to receive solvent-based coatings, 
except stucco and similarly rough surfaces clean with a clean, dry 
cloth saturated with mineral spirits, ASTM D235.  Allow surface to 
dry.  Wipe immediately preceding the application of the first coat of 
any coating, unless specified otherwise.

c.  Sand existing glossy surfaces to be painted to reduce gloss. Brush, 
and wipe clean with a damp cloth to remove dust.

d.  The requirements specified are minimum.  Comply also with the 
application instructions  of the paint manufacturer.

e.  Thoroughly clean previously painted surfaces [specified to be 
repainted] [damaged during construction] of all grease, dirt, dust or 
other foreign matter.

f.  Remove blistering, cracking, flaking and peeling or otherwise 
deteriorated coatings.

g.  Remove chalk so that when tested in accordance with ASTM D4214, the 
chalk resistance rating is no less than 8.
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h.  Roughen slick surfaces. Repair damaged areas such as, but not limited 
to, nail holes, cracks, chips, and spalls with suitable material to 
match adjacent undamaged areas.

i.  Feather and sand smooth edges of chipped paint.

j.  Clean rusty metal surfaces as per SSPC requirements.  Use solvent, 
mechanical, or chemical cleaning methods to provide surfaces suitable 
for painting.

k.  Provide new, proposed coatings that are compatible with existing 
coatings.

3.3.2   Existing Coated Surfaces with Minor Defects

[Sand, spackle, and treat minor defects to render them smooth.  Minor 
defects are defined as scratches, nicks, cracks, gouges, spalls, 
alligatoring, chalking, and irregularities due to partial peeling of 
previous coatings.][  Remove chalking by sanding [or blasting] so that 
when tested in accordance with ASTM D4214, the chalk rating is not less 
than 8.]

3.3.3   Removal of Existing Coatings

Remove existing coatings from the following surfaces:

a.  Surfaces containing large areas of minor defects;

b.  Surfaces containing more than 20 percent peeling area; and

c.  Surfaces designated by the Contracting Officer, such as surfaces where 
rust shows through existing coatings.

3.3.4   Substrate Repair

a.  Repair substrate surface damaged during coating removal;

b.  Sand edges of adjacent soundly-adhered existing coatings so they are 
tapered as smooth as practical to areas involved with coating removal; 
and

c.  Clean and prime the substrate as specified.

3.4   PREPARATION OF METAL SURFACES

3.4.1   Existing and New Ferrous Surfaces

a.  Ferrous Surfaces including Shop-coated Surfaces and Small Areas That 
Contain Rust, Mill Scale and Other Foreign Substances:  Solvent clean 
or detergent wash in accordance with SSPC SP 1  to remove oil and 
grease.  Where shop coat is missing or damaged, clean according to 
SSPC SP 2 , or SSPC SP 10/NACE No. 2 .  Brush-off blast remaining 
surface in accordance with SSPC 7/NACE No.4 ; Water jetting to 
SSPC SP 12/NACE No.5  WJ-4 may be used to remove loose coating and 
other loose materials.  Use inhibitor as recommended by coating 
manufacturer to prevent premature rusting.  Protect shop-coated 
ferrous surfaces from corrosion by treating and touching up corroded 
areas immediately upon detection.
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b.  Surfaces With More Than 20 Percent Rust, Mill Scale, and Other Foreign 
Substances:  Clean entire surface in accordance with 
SSPC SP 10/NACE No. 2 / SSPC SP 12/NACE No.5  WJ-2.

3.4.2   Final Ferrous Surface Condition:

For tool cleaned surfaces, the requirements are stated in SSPC SP 2  and 
SSPC SP 3 .  Use as a visual reference, photographs in SSPC VIS 3  for the 
appearance of cleaned surfaces.

For abrasive blast cleaned surfaces, the requirements are stated in 
SSPC 7/NACE No.4 , SSPC SP 6/NACE No.3 , and SSPC SP 10/NACE No. 2 .  Use as 
a visual reference, photographs in SSPC VIS 1  for the appearance of 
cleaned surfaces.

For waterjet cleaned surfaces, the requirements are stated in 
SSPC SP 12/NACE No.5 .  Use as a visual reference, photographs in 
SSPC VIS 4/NACE VIS 7  for the appearance of cleaned surfaces.

3.4.3   Galvanized Surfaces

a.  New or Existing Galvanized Surfaces With Only Dirt and Zinc Oxidation 
Products:  Clean with solvent, steam, or non-alkaline detergent 
solution in accordance with SSPC SP 1 .  Completely remove coating by 
brush-off abrasive blast if the galvanized metal has been passivated 
or stabilized.  Do not "passivate" or "stabilize" new galvanized steel 
to be coated.  If the absence of hexavalent stain inhibitors is not 
documented, test as described in ASTM D6386, Appendix X2, and remove 
by one of the methods described therein.

b.  Galvanized with Slight Coating Deterioration or with Little or No 
Rusting:  Water jetting to SSPC SP 12/NACE No.5  WJ3 to remove loose 
coating from surfaces with less than 20 percent coating deterioration 
and no blistering, peeling, or cracking.  Use inhibitor as recommended 
by the coating manufacturer to prevent rusting.

c.  Galvanized With Severe Deteriorated Coating or Severe Rusting: Water 
jet to SSPC SP 12/NACE No.5  WJ3 degree of cleanliness.  Spot abrasive 
blast rusted areas as described for steel in SSPC SP 6/NACE No.3 , and 
waterjet to SSPC SP 12/NACE No.5 , WJ3 to remove existing coating.

3.4.4   Non-Ferrous Metallic Surfaces

Aluminum and aluminum-alloy, lead, copper, and other nonferrous metal 
surfaces.

Surface Cleaning:  Solvent clean in accordance with SSPC SP 1  and wash 
with mild non-alkaline detergent to remove dirt and water soluble 
contaminants.

3.4.5   Terne-Coated Metal Surfaces

Solvent clean surfaces with mineral spirits, ASTM D235.  Wipe dry with 
clean, dry cloths.

3.4.6   Existing Surfaces with a Bituminous or Mastic-Type Coating

Remove chalk, mildew, and other loose material by washing with a solution 
of  1/2 cup  trisodium phosphate,  1/4 cup  household detergent,  one quart  5 
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percent sodium hypochlorite solution and  3 quarts  of warm water.

3.5   PREPARATION OF CONCRETE AND CEMENTITIOUS SURFACE

3.5.1   Concrete and Masonry

a.  Curing:  Allow concrete, stucco and masonry surfaces to cure at least 
30 days before painting, and concrete slab on grade to cure at least 
90 days before painting.

b.  Surface Cleaning:  Remove the following deleterious substances.

(1) Dirt, Chalking, Grease, and Oil:  Wash new and existing uncoated 
surfaces with a solution composed of  1/2 cup  trisodium phosphate,  
1/4 cup  household detergent, and  4 quarts  of warm water.  Then 
rinse thoroughly with fresh water.  Wash existing coated surfaces 
with a suitable detergent and rinse thoroughly.  For large areas, 
water blasting may be used.

(2) Fungus and Mold:  Wash new, existing coated, and existing uncoated 
surfaces with a solution composed of  1/2 cup  trisodium phosphate,  
1/4 cup  household detergent,  1 quart  5 percent sodium hypochlorite 
solution and  3 quarts  of warm water.  Rinse thoroughly with fresh 
water.

(3) Paint and Loose Particles:  Remove by wire brushing.

(4) Efflorescence:  Remove by scraping or wire brushing followed by 
washing with a 5 to 10 percent by weight aqueous solution of 
hydrochloric (muriatic) acid.  Do not allow acid to remain on the 
surface for more than five minutes before rinsing with fresh 
water.  Do not acid clean more than  4 square feet  of surface, per 
workman, at one time.

c.  Cosmetic Repair of Minor Defects:  Repair or fill mortar joints and 
minor defects, including but not limited to spalls, in accordance with 
manufacturer's recommendations and prior to coating application.

d.  Allowable Moisture Content:  Latex coatings may be applied to damp 
surfaces, but not to surfaces with droplets of water.  Do not apply 
epoxies to damp vertical surfaces as determined by ASTM D4263 or 
horizontal surfaces that exceed 3 lbs of moisture per 1000 square feet 
in 24 hours as determined by ASTM F1869.  In all cases follow 
manufacturers recommendations.  Allow surfaces to cure a minimum of 30 
days before painting.

3.5.2   Gypsum Board, Plaster, and Stucco

a.  Surface Cleaning:  Verify that plaster and stucco surfaces are free 
from loose matter and that gypsum board is dry.  Remove loose dirt and 
dust by brushing with a soft brush, rubbing with a dry cloth, or 
vacuum-cleaning prior to application of the first coat material.  A 
damp cloth or sponge may be used if paint will be water-based.

b.  Repair of Minor Defects:  Prior to painting, repair joints, cracks, 
holes, surface irregularities, and other minor defects with patching 
plaster or spackling compound and sand smooth.

c.  Allowable Moisture Content:  Latex coatings may be applied to damp 
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surfaces, but not surfaces with droplets of water.  Do not apply 
epoxies to damp surfaces as determined by ASTM D4263.  Verify that new 
plaster to be coated has a maximum moisture content of 8 percent, when 
measured in accordance with ASTM D4444, Method A, unless otherwise 
authorized. In addition to moisture content requirements, allow new 
plaster to age a minimum of 30 days before preparation for painting.

3.6   PREPARATION OF WOOD AND PLYWOOD SURFACES

3.6.1   New, Existing Uncoated, and Existing Coated Plywood and Wood 
Surfaces, Except Floors:

a.  Clean wood surfaces of foreign matter.

    Surface Cleaning:  Verify that surfaces are free from dust and other 
deleterious substances and in a condition approved by the Contracting 
Officer prior to receiving paint or other finish.  Do not use water to 
clean uncoated wood.

b.  Removal of Fungus and Mold:  Wash existing coated surfaces with a 
solution composed of  3 ounces (2/3 cup)  trisodium phosphate,  1 ounce 
(1/3 cup)  household detergent,  1 quart  5 percent sodium hypochlorite 
solution and  3 quarts  of warm water.  Rinse thoroughly with fresh 
water.

c.  Do not exceed 12 percent moisture content of the wood as measured by a 
moisture meter in accordance with ASTM D4444, Method A, unless 
otherwise authorized.

d.  Prime or touch up wood surfaces adjacent to surfaces to receive 
water-thinned paints before applying water-thinned paints.

e.  Cracks and Nailheads:  Set and putty stop nailheads and putty cracks 
after the prime coat has dried.

f.  Cosmetic Repair of Minor Defects:

(1) Knots and Resinous Wood:  Prior to application of coating, cover 
knots and stains with two or more coats of  3-pound-cut  shellac 
varnish, plasticized with  5 ounces  of castor oil per  gallon .  
Scrape away existing coatings from knotty areas, and sand before 
treating.  Prime before applying any putty over shellacked area.

(2) Open Joints and Other Openings:  Fill with whiting putty, linseed 
oil putty.  Sand smooth after putty has dried.

(3)  Checking:  Where checking of the wood is present, sand the 
surface, wipe and apply a coat of pigmented orange shellac. Allow 
to dry before paint is applied.

3.7   APPLICATION

3.7.1   Coating Application

Comply with applicable federal, state and local laws enacted to insure 
compliance with Federal Clean Air Standards.  Apply coating materials in 
accordance with SSPC PA 1 .  SSPC PA 1  methods are applicable to all 
substrates, except as modified herein.
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At the time of application, paint must show no signs of deterioration.  
Maintain uniform suspension of pigments during application.

Unless otherwise specified or recommended by the paint manufacturer, paint 
may be applied by brush, roller, or spray.  Use trigger operated spray 
nozzles for water hoses.  Use rollers for applying paints and enamels of a 
type designed for the coating to be applied and the surface to be coated.  
Wear protective clothing and respirators when applying oil-based paints or 
using spray equipment with any paints.

Only apply paints, except water-thinned types to surfaces that are 
completely free of moisture as determined by sight or touch.

Thoroughly work coating materials into joints, crevices, and open spaces.  
Pay special attention to ensure that all edges, corners, crevices, welds, 
and rivets receive a film thickness equal to that of adjacent painted 
surfaces.

Apply each coat of paint so that dry film is of uniform thickness and free 
from runs, drops, ridges, waves, pinholes or other voids, laps, brush 
marks, and variations in color, texture, and finish.  Completely hide all 
blemishes.

Touch up damaged coatings before applying subsequent coats.[  Broom clean 
and clear dust from interior areas before and during the application of 
coating material.]

[ Apply paint to new fire extinguishing sprinkler systems including valves, 
piping, conduit, hangers, supports, miscellaneous metal work, and 
accessories.  Shield sprinkler heads with protective coverings while 
painting is in progress.  Remove sprinkler heads which have been painted 
and replace with new sprinkler heads.  For piping in unfinished spaces, 
provide primed surfaces with one coat of red alkyd gloss enamel to a 
minimum dry film thickness of  1.0 mil .  Unfinished spaces include attic 
spaces, spaces above suspended ceilings, crawl spaces, pipe chases, 
mechanical equipment room, and space where walls or ceiling are not 
painted or not constructed of a prefinished material.  For piping in 
finished areas, provide prime surfaces with two coats of paint to match 
adjacent surfaces, except provide valves and operating accessories with 
one coat of red alkyd gloss enamel.  Upon completion of painting, remove 
protective covering from sprinkler heads.

] a.  Drying Time:  Allow time between coats, as recommended by the coating 
manufacturer, to permit thorough drying, but not to present topcoat 
adhesion problems.  Provide each coat in specified condition to 
receive next coat.

b.  Primers, and Intermediate Coats:  Do not allow primers or intermediate 
coats to dry more than 30 days, or longer than recommended by 
manufacturer, before applying subsequent coats.  Follow manufacturer's 
recommendations for surface preparation if primers or intermediate 
coats are allowed to dry longer than recommended by manufacturers of 
subsequent coatings.  Cover each preceding coat or surface completely 
by ensuring visually perceptible difference in shades of successive 
coats.

c.  Finished Surfaces:  Provide finished surfaces free from runs, drops, 
ridges, waves, laps, brush marks, and variations in colors.
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d.  Thermosetting Paints:  Topcoats over thermosetting paints (epoxies and 
urethanes) should be applied within the overcoating window recommended 
by the manufacturer.

e.  Floors: For nonslip surfacing on level floors, as the intermediate 
coat is applied, cover wet surface completely with almandite garnet, 
Grit No. 36, with maximum passing U.S. Standard Sieve No. 40 less than 
0.5 percent.  When the coating is dry, use a soft bristle broom to 
sweep up excess grit, which may be reused, and vacuum up remaining 
residue before application of the topcoat.

3.7.2   Mixing  and Thinning of Paints

Reduce paints to proper consistency by adding fresh paint, except when 
thinning is mandatory to suit surface, temperature, weather conditions, 
application methods, or for the type of paint being used.  Obtain written 
permission from the Contracting Officer to use thinners.  Verify that the 
written permission includes quantities and types of thinners to use.

3.7.3   Two-Component Systems

Mix two-component systems in accordance with manufacturer's instructions.  
Follow recommendation by the manufacturer for any thinning of the first 
coat to ensure proper penetration and sealing for each type of substrate.

3.7.4   Coating Systems

a.  Systems by Substrates:  Apply coatings that conform to the respective 
specifications listed in the following Tables:

          
   Table

          Division 3.  Exterior Concrete Paint Table
          Division 4.  Exterior Concrete Masonry Units Paint Table
          Division 5.  Exterior Metal, Ferrous and Non-Ferrous Paint Table
          Division 6.  Exterior Wood; Dressed Lumber, Paneling, Decking,
                        Shingles Paint Table
          Division 9:  Exterior Stucco Paint Table
          Division 10. Exterior Cloth Coverings and Bituminous Coated 
                        Surfaces Paint Table

          Division 3.  Interior Concrete Paint Table
          Division 4.  Interior Concrete Masonry Units Paint Table
          Division 5.  Interior Metal, Ferrous and Non-Ferrous Paint Table
          Division 6.  Interior Wood Paint Table 
          Division 9:  Interior Plaster, Gypsum Board, Textured Surfaces 
                        Paint Table

b.  Minimum Dry Film Thickness (DFT):  Apply paints, primers, varnishes, 
enamels, undercoats, and other coatings to a minimum dry film 
thickness of  1.5 mil  each coat unless specified otherwise in the 
Tables.  Coating thickness where specified, refers to the minimum dry 
film thickness.

c.  Coatings for Surfaces Not Specified Otherwise:  Coat surfaces which 
have not been specified, the same as surfaces having similar 
conditions of exposure.

d.  Existing Surfaces Damaged During Performance of the Work, Including 
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New Patches In Existing Surfaces:  Coat surfaces with the following:

(1) One coat of primer.

(2) One coat of undercoat or intermediate coat.

(3) One topcoat to match adjacent surfaces.

e.  Existing Coated Surfaces To Be Painted:  Apply coatings conforming to 
the respective specifications listed in the Tables herein, except that 
pretreatments, sealers and fillers need not be provided on surfaces 
where existing coatings are soundly adhered and in good condition.  Do 
not omit undercoats or primers.

3.8   COATING SYSTEMS FOR METAL

Apply coatings of Tables in Division 5 for Exterior and Interior.

a.  Apply specified ferrous metal primer on the same day that surface is 
cleaned, to surfaces that meet all specified surface preparation 
requirements at time of application.

b.  Inaccessible Surfaces:  Prior to erection, use one coat of specified 
primer on metal surfaces that will be inaccessible after erection.

c.  Shop-primed Surfaces:  Touch up exposed substrates and damaged 
coatings to protect from rusting prior to applying field primer.

d.  Surface Previously Coated with Epoxy or Urethane:  Apply MPI 101,  1.5 
mils  DFT immediately prior to application of epoxy or urethane 
coatings.

e.  Pipes and Tubing:  The semitransparent film applied to some pipes and 
tubing at the mill is not to be considered a shop coat.  Overcoat 
these items with the specified ferrous-metal primer prior to 
application of finish coats.

f.  Exposed Nails, Screws, Fasteners, and Miscellaneous Ferrous Surfaces.  
On surfaces to be coated with water thinned coatings, spot prime 
exposed nails and other ferrous metal with latex primer MPI 107 .

3.9   COATING SYSTEMS FOR CONCRETE AND CEMENTITIOUS SUBSTRATES

Apply coatings of Tables in Division 3, 4 and 9 for Exterior and Interior.

3.10   COATING SYSTEMS FOR WOOD AND PLYWOOD

a.  Apply coatings of Tables in Division 6 for Exterior and Interior.

b.  Prior to erection, apply two coats of specified primer to treat and 
prime wood [and plywood] surfaces which will be inaccessible after 
erection.

c.  Apply stains in accordance with manufacturer's printed instructions.

3.11   PIPING IDENTIFICATION

Piping Identification, Including Surfaces In Concealed Spaces:  Provide in 
accordance with [ MIL-STD-101 ][ ASME A13.1 ].  Place stenciling in clearly 
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visible locations.  On piping not covered by [ MIL-STD-101 ][ ASME A13.1 ], 
stencil approved names or code letters, in letters a minimum of  1/2 inch  
high for piping and a minimum of  2 inches  high elsewhere.  Stencil 
arrow-shaped markings on piping to indicate direction of flow using black 
stencil paint.

3.12   INSPECTION AND ACCEPTANCE

In addition to meeting previously specified requirements, demonstrate 
mobility of moving components, including swinging and sliding doors, 
cabinets, and windows with operable sash, for inspection by the 
Contracting Officer.  Perform this demonstration after appropriate curing 
and drying times of coatings have elapsed and prior to invoicing for final 
payment.

3.13   WASTE MANAGEMENT

As specified in the Waste Management Plan and as follows.  Do not use 
kerosene or any such organic solvents to clean up water based paints.  
Properly dispose of paints or solvents in designated containers. Close and 
seal partially used containers of paint to maintain quality as necessary 
for reuse.  Store in protected, well-ventilated, fire-safe area at 
moderate temperature.  Place materials defined as hazardous or toxic waste 
in designated containers.  Coordinate with manufacturer for take-back 
program.  Set aside scrap to be returned to manufacturer for recycling 
into new product.  When such a service is not available, contact local 
recyclers to reclaim the materials.  Where local options exist for 
leftover paint recycling, collect all waste paint by type and provide for 
delivery to recycling or collection facility for reuse by local 
organizations.

3.14   PAINT TABLES

All DFT's are minimum values.  Acceptable products are listed in the MPI 
Green Approved Products List, available at 
http://www.specifygreen.com/APL/ProductIdxByMPInum.asp .

3.14.1   Exterior Paint Tables

       DIVISION 5:  EXTERIOR METAL, FERROUS AND NON-FERROUS PAINT TABLE

STEEL / FERROUS SURFACES

A.  New Steel that has been hand or power tool cleaned to SSPC SP 2  or 
  SSPC SP 3

 1. Alkyd
    New; MPI EXT 5.1Q-G5 (Semigloss) Existing; MPI REX 5.1D-G5
    Primer:             Intermediate:       Topcoat:
    MPI 23               MPI 94               MPI 94
    System DFT:   5.25 mils

    New; MPI EXT 5.1Q-G6 (Gloss) / Existing; MPI REX 5.1D-G6
    Primer:             Intermediate:       Topcoat:
    MPI 23               MPI 9                MPI 9
    System DFT:   5.25 mils

B.  New Steel that has been blast-cleaned to SSPC SP 6/NACE No.3 :  
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STEEL / FERROUS SURFACES
 2. Alkyd
    New; MPI EXT 5.1D-G5 (Semigloss) / Existing; MPI REX 5.1D-G5
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 94               MPI 94
    System DFT:   5.25 mils

    New; MPI EXT 5.1D-G6 (Gloss) / Existing; MPI REX 5.1D-G6
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 9                MPI 9                        
    System DFT:   5.25 mils

 EXTERIOR GALVANIZED SURFACES

A.  New Galvanized surfaces:

 1. Waterborne Primer / Latex 
    MPI EXT 5.3H-G1 (Flat)
    Primer:             Intermediate:       Topcoat:
    MPI 134              MPI 10               MPI 10
    System DFT:   4.5 mils

    MPI EXT 5.3H-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 134              MPI 11               MPI 11
    System DFT:   4.5 mils   

    MPI EXT 5.3H-G6 (Gloss)
    Primer:             Intermediate:       Topcoat:
    MPI 134              MPI 119              MPI 119
    System DFT:   4.5 mils   ]

 2. Waterborne Primer / Waterborne Light Industrial Coating
    MPI EXT 5.3J-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 134              MPI 163           MPI 163
    System DFT:   4.5 mils

    MPI EXT 5.3J-G6 (Gloss)
    Primer:             Intermediate:       Topcoat:
    MPI 134              MPI 164           MPI 164
    System DFT:   4.5 mils   ]

B.  Surfaces adjacent to painted surfaces; [Mechanical,] [Electrical,] [Fire 
  extinguishing sprinkler systems including valves, conduit, hangers, 
  supports,][exposed copper piping,] [and miscellaneous metal items] not 
  otherwise specified except floors, hot metal surfaces, and new prefinished 
  equipment.  Match surrounding finish:

 1. Alkyd
    MPI EXT 5.1D-G1 (Flat)
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 8                MPI 8
    System DFT:   5.25 mils   

    MPI EXT 5.1D-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 94               MPI 94
    System DFT:   5.25 mils   
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EXTERIOR GALVANIZED SURFACES

    MPI EXT 5.1D-G6 (Gloss)
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 9                MPI 9
    System DFT:   5.25 mils     

 2. Waterborne Light Industrial Coating
    MPI EXT 5.1C-G3(Eggshell)
    Primer:             Intermediate:       Topcoat:
    MPI 79              MPI 161           MPI 161
    System DFT:   5 mils   

    MPI EXT 5.1C-G5(Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 163           MPI 163
    System DFT:   5 mils   

    MPI EXT 5.1C-G6(Gloss)
    Primer:             Intermediate:       Topcoat:
    MPI 79               MPI 164           MPI 164
    System DFT:   5 mils     

3.14.2   Interior Paint Tables

DIVISION 3:  INTERIOR CONCRETE PAINT TABLE

A.  New and uncoated existing and Existing, previously painted concrete 
  floors in following areas as indicated :  

 1. Epoxy
    New; MPI INT 3.2C-G6 (Gloss) / Existing; MPI RIN 3.2C-G6 (Gloss)
    Primer:             Intermediate:       Topcoat:
    MPI 77               MPI 77               MPI 77
    System DFT:   5 mils ]

    Note:  Primer may be reduced for penetration per manufacturer's 
    instructions.

    DIVISION 9:  INTERIOR PLASTER, GYPSUM BOARD, TEXTURED SURFACES PAINT 
TABLE

A.  New and Existing, previously painted and Wallboard not otherwise 
specified:

 1. Latex
    New; MPI INT 9.2A-G2 (Flat) / Existing; RIN 9.2A-G2 (Flat)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 44               MPI 44
    System DFT:   4 mils

    New; MPI INT 9.2A-G3 (Eggshell) / Existing; RIN 9.2A-G3 (Eggshell)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 52               MPI 52
    System DFT:   4 mils   

    New; MPI INT 9.2A-G5 (Semigloss) / Existing; RIN 9.2A-G5 (Semigloss)
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DIVISION 9:  INTERIOR PLASTER, GYPSUM BOARD, TEXTURED SURFACES PAINT TABLE
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 54              MPI 54
    System DFT:   4 mils   ]

 2. High Performance Architectural Latex - High Traffic Areas
    New; MPI INT 9.2B-G2 (Flat) / Existing; MPI RIN 9.2B-G2 (Flat)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 138              MPI 138
    System DFT:   4 mils

    New; MPI INT 9.2B-G3 (Eggshell) / Existing; MPI RIN 9.2B-G3 (Eggshell)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 139              MPI 139
    System DFT:   4 mils   

    New; MPI INT 9.2B-G5 (Semigloss) / Existing; MPI RIN 9.2B-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 141              MPI 141
    System DFT:   4 mils   ]

 3. Institutional Low Odor / Low VOC Latex
    New; MPI INT 9.2M-G2 (Flat) / Existing; MPI RIN 9.2M-G2 (Flat)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 144              MPI 144
    System DFT:   4 mils

    New; MPI INT 9.2M-G3 (Eggshell) / Existing; MPI RIN 9.2M-G3 (Eggshell)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 145              MPI 145
    System DFT:   4 mils   

    New; MPI INT 9.2M-G4 (Satin) / Existing; MPI RIN 9.2M-G4 (Satin)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 146              MPI 146
    System DFT:   4 mils   

    New; MPI INT 9.2M-G5 (Semigloss) / Existing; MPI RIN 9.2M-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 147              MPI 147
    System DFT:   4 mils   

B.  New and Existing, previously painted and Wallboard in  food-preparation, 
 restrooms, and other high humidity areas not otherwise specified.:

 1. Waterborne Light Industrial Coating
    New; MPI INT 9.2L-G5(Semigloss) / Existing; MPI RIN 9.2L-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 153              MPI 153
    System DFT:   4 mils

 2. Alkyd
    New; MPI INT 9.2C-G5 (Semigloss) / Existing; MPI RIN 9.2C-G5 (Semigloss)
    Primer:             Intermediate:       Topcoat:
    MPI 50               MPI 47               MPI 47
    System DFT:   4 mils
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        -- End of Section --
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All exterior signage must be provided by a single manufacturer. Exterior 

signage must be of the design, detail, sizes, types, and message content 

shown on the drawings, must conform to the requirements specified, and 

must be provided at the locations indicated.  Submit exterior signage 

schedule in electronic media with spread sheet format. Spread sheet must 

include sign location, sign type, and message.  Signs must be complete 

with lettering, framing as detailed, and related components for a complete 

installation. Each sample must consist of a complete sign panel with 

letters and symbols. Samples may be installed in the work, provided each 

sample is identified and location recorded. Submit three color samples 

for each material requiring color and 12 inch square sample of sign face 

color sample. 

 

1.1.1 Wind Load Requirements 

 

Exterior signage must be designed to withstand 115 mph windload. Submit 

design analysis and supporting calculations performed in support of 

specified signage. 

 

1.1.2 Character Proportions and Heights 

 

Letters and numbers on indicated signs for handicapped-accessible 

buildings must have a width-to-height ratio between 3:5 and 1:1 and a 

stroke-width-to-height ratio between 1:5 and 1:10. Characters and numbers 

on indicated signs must be sized according to the viewing distance from 

which they are to be read. The minimum height is measured using an upper 

case letter "X". Lower case characters are permitted. 

 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance to 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

 

Approved Detail Drawings; G 

SD-03 Product Data 

Modular Exterior Signage System 

Installation 
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Exterior Signage; G 

Wind Load Requirements 

SD-04 Samples 

 

Exterior Signage; G 

 

SD-10 Operation and Maintenance Data 

Protection and Cleaning; G 

1.3 QUALIFICATIONS 

 

Signs, plaques, and dimensional letters must be the standard product of a 

manufacturer regularly engaged in the manufacture of the products. Items 

of equipment must essentially duplicate equipment that has been in 

satisfactory use at least 2 years prior to bid opening. 

 

1.4 DELIVERY AND STORAGE 

 

Materials must be wrapped for shipment and storage, delivered to the 

jobsite in manufacturer's original packaging, and stored in a clean, dry 

area in accordance with manufacturer's instructions. 

 

1.5 WARRANTY 

 

Manufacturer's standard performance guarantees or warranties that extend 

beyond a one year period must be provided. 

 

PART 2 PRODUCTS 

 

2.1 DIMENSIONAL BUILDING LETTERS 

 

2.1.1 Fabrication 

 

Letters must be fabricated from cast aluminum 0.125 inch aluminum sheet. 

Letters must be cleaned by chemical etching or cleaned ultrasonically in a 

special degreasing bath. Letters must be packaged for protection until 

installation. 

 

2.1.2 Typeface 

 

Typeface must be helvetica medium. 

 

2.1.3 Size 

 

Letter size must be as indicated. 

 

2.1.4 Finish 

 

Anodized aluminum finish must be provided. 

 

2.1.5 Mounting 

 

Threaded studs of number and size as recommended by manufacturer, must be 

used for concealed anchorage. Letters which project from the building 

line must have stud spacer sleeves. Letters, studs, and sleeves must be 
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of the same material. Supply templates for mounting. 

 

2.2 METAL PLAQUES 

 

2.2.1 Fabrication 

 

Plaques must be fabricated from cast aluminum 0.125 inch (E-PANEL A3 

Composite Specifications) or aluminum sheet that is Fire Department 

Approved. Aluminum must be cleaned by chemical etching or cleaned 

ultrasonically in a special degreasing bath. Plaques must be packaged for 

protection until installation. 

 

2.2.2 Typeface 

 

Typeface must be Helvetica Neue - 65 medium. Font must be cut our of 

Gerber 220 Metallic Dark Brown 3M Scotchcal film. 

 

2.2.3 Size 

 

Plaque size must be 6 inches high and 16 inches long. 

 

2.2.4 Finish 

 

Color: Front of Board – Beige (Gerber 220 3M Scotchcal Film) 

 

Color: Back of Board (Only if visible) – Brown (Gerber 220 Deep Mahogany 

Brown) 

 

2.2.5 Mounting 

 

Location: 1 Plaque each side of the corner of the building. 

 

Height: Plaque must be 5 feet 4 inches from the bottom of the plaque to 

the top of the foundation, if there isn’t a concrete foundation measure 

from the finish grade.  

 

Attachment: Match existing building plaque attachment. 

 

PART 3 EXECUTION 

 

3.1 INSTALLATION 

 

Signs, plaques, or dimensional letters must be installed in accordance 

with approved manufacturer's instructions at locations shown on the 

approved detail drawings; submit drawings showing elevations of each type 

of sign; dimensions, details, and methods of mounting or anchoring; shape 

and thickness of materials; and details of construction. A schedule 

showing the location, each sign type, and message must be included. 

Circuits installed underground must conform to the requirements of Section 

33 71 02 UNDERGROUND ELECTRICAL DISTRIBUTION. Steel conduits installed 

underground and illuminated signage mounted directly on buildings must be 

in conformance with the requirements of Section 26 20 00 INTERIOR 

DISTRIBUTION SYSTEM. Signs must be installed plumb and true at mounting 

heights indicated, and by method shown or specified. Signs mounted on 

other surfaces must not be installed until finishes on such surfaces have 

been completed. Submit manufacturer's installation instructions and 

cleaning instructions. 
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3.1.1 Anchorage 

 

Anchorage and fastener materials must be in accordance with approved 

manufacturer's instructions for the indicated substrate. Anchorage not 

otherwise specified or indicated must include slotted inserts, expansion 

shields, and powder-driven fasteners when approved for concrete; toggle 

bolts and through bolts for masonry; machine carriage bolts for steel; lag 

bolts and screws for wood. 

 

3.1.2 Protection and Cleaning 

 

The work must be protected against damage during construction. Hardware 

and electrical equipment must be adjusted for proper operation.  Glass, 

frames, and other sign surfaces must be cleaned in accordance with 

manufacturer's instructions. After signs are completed and inspected, 

cover all project identification, directional, and other signs which may 

mislead the public. Covering must be maintained until instructed to be 

removed by the Contracting Officer or until the facility is to be opened 

for business. Submit six copies of maintenance instructions listing 

routine maintenance procedures, possible breakdowns and repairs, and 

troubleshooting guides. The instructions must include simplified diagrams 

for the equipment as installed. Signs must be cleaned, as required, at 

time of cover removal. 

 

3.2 FIELD PAINTED FINISH 

 

Miscellaneous metals and frames must be field painted in accordance with 

Section 09 90 00 PAINTS AND COATINGS. Anodized metals, masonry, and glass 

must be protected from paint. Finish must be free of scratches or other 

blemishes. 

 

-- End of Section -- 
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The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to in the text by basic 

designation only. 

 

ALUMINUM ASSOCIATION (AA) 

 

AA DAF45 (2003; Reaffirmed 2009) Designation System 

for Aluminum Finishes 

 

AA PK-1 (2015) Pink Sheets: Designations and 

Chemical Composition Limits for Aluminum 

Alloys in the Form of Castings & Ingot 

 

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA) 

 

AAMA 2604 (2017a) Voluntary Specification, 

Performance Requirements and Test 

Procedures for High Performance Organic 

Coatings on Aluminum Extrusions and Panels 

 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 

ANSI Z97.1 (2015) Safety Glazing Materials Used in 

Buildings - Safety Performance 

Specifications and Methods of Test 

 

AMERICAN WELDING SOCIETY (AWS) 

 

AWS D1.2/D1.2M (2014) Structural Welding Code - Aluminum 

ASTM INTERNATIONAL (ASTM) 

ASTM B209 (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Sheet and Plate 

 

ASTM B221 (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Extruded Bars, Rods, 

Wire, Profiles, and Tubes 

 

ASTM C1036 (2016) Standard Specification for Flat 

Glass 

 

ASTM D635 (2018) Standard Test Method for Rate of 

Burning and/or Extent and Time of Burning 

of Plastics in a Horizontal Position 
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INTERNATIONAL CODE COUNCIL (ICC) 

 

ICC A117.1 COMM (2017) Standard And Commentary Accessible 

and Usable Buildings and Facilities 

 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

 

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 

TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 

TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 

TIA 17-11; TIA 17-12; TIA 17-13; TIA 

17-14; TIA 17-15; TIA 17-16; TIA 17-17) 

National Electrical Code 
 

NFPA 101 (2018; TIA 18-1; TIA 18-2; TIA 18-3) Life 

Safety Code 
 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

36 CFR 1191 Americans with Disabilities Act (ADA) 

Accessibility Guidelines for Buildings and 

Facilities; Architectural Barriers Act 

(ABA) Accessibility Guidelines 
 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. 

 

SD-02 Shop Drawings 

Detail Drawings; G 

SD-03 Product Data 

Installation; G 

Warranty; G 

SD-04 Samples 

 

Interior Signage; G 

Software; G 

SD-10 Operation and Maintenance Data 

Approved Manufacturer's Instructions; G 

Protection and Cleaning; G 

 

1.3 QUALITY ASSURANCE 

 

1.3.1 Samples 

 

Submit interior signage samples of each of the following sign types 

showing typical quality, workmanship and color: Directional sign, Standard 

Room sign, Changeable message strip sign, Facility Recognition Plaque. 
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The samples may be installed in the work, provided each sample is 

identified and location recorded. 

 

1.3.2 Detail Drawings 

 

Submit detail drawings showing elevations of each type of sign, 

dimensions, details and methods of mounting or anchoring, mounting height, 

shape and thickness of materials, and details of construction. Include a 

schedule showing the location, each sign type, and message. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

Materials must be packaged to prevent damage and deterioration during 

shipment, handling, storage and installation. Product must be delivered 

to the jobsite in manufacturer's original packaging and stored in a clean, 

dry area in accordance with manufacturer's instructions. 

 

1.6 WARRANTY 

 

Warrant the interior signage for a period of 2 years against defective 

workmanship and material. Warranties must be signed by the authorized 

representative of the manufacturer. Submit warranty accompanied by the 

document authenticating the signer as an authorized representative of the 

guarantor. Guarantee that the signage products and the installation are 

free from any defects in material and workmanship from the date of 

delivery. 

 

PART 2 PRODUCTS 

 

2.1 STANDARD PRODUCTS 

 

Signs, plaques, directories, and dimensional letters must be the standard 

product of a manufacturer regularly engaged in the manufacture of such 

products that essentially duplicate signs that have been in satisfactory 

use at least 2 years prior to bid opening. Obtain signage from a single 

manufacturer with edges and corners of finished letterforms and graphics 

true and clean. 

 

2.2 ROOM IDENTIFICATION/DIRECTIONAL SIGNAGE SYSTEM 

 

2.2.1 Standard Room Signs 

 

Signs must consist of acrylic plastic 0.080 inch thickness minimum 

conforming to ANSI Z97.1 and
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must conform to the following: 

 

a. Frames must be molded acrylic, flat 1/8 inch thick. 

 

b. End caps must be molded acrylic with square style corners. 

 

c. Units must be frameless. Corners of signs must be squared. 

 

 

2.2.2 Type of Mounting For Signs 

 

Provide extruded aluminum brackets for hanging, projecting, and 
double-sided signs. Mounting for framed, hanging, and projecting signs 

must be by mechanical fasteners. Surface mounted signs must be mounted 

with countersunk mounting holes in plaques and mounting screws fabricated 

from materials that are not corrosive to sign material and mounting 

surface. 

 

2.2.3 Graphics 

 

Signage graphics for modular signs must conform to the following: 

 

2.2.4.1 Subsurface Copy 

 

Copy is transferred to the back face of clear acrylic sheeting forming the 

panel face to produce precisely formed opaque image. This method bonds 

all sign elements (color, graphics, lettering, Braille and substrate) into 

a single unit. 

 

2.2.4.2 First Surface Copy Direct Print or Silkscreened (Non-Tactile) 

 

Message may be applied to panel using the silkscreen process. 

Silkscreened images must be executed with photo screens prepared from 

original art. Handcut screens will not be accepted. Original art is 

defined as artwork that is a first generation reproduction of the 

specified art.  Edges and corners must be clean. 
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2.2.4.3 Surface Applied Photopolymer 

 

Integral graphics and Braille achieved by photomechanical stratification 

processes. Photopolymer used for ADA compliant graphics must be of the 

type that has a minimum durometer reading of 90. Tactile graphics must be 

raised 1/32 inch from the first surface of plaque by photomechanical 

stratification process. 

 

2.2.4.4 Engraved Copy 

 

Machine engrave letters, numbers, symbols, and other graphics into panel 

sign on face to produce precisely formed copy and sharp images, incised to 

uniform depth. Melamine plastic engraving stock used for ADA compliant 

graphic must be three-ply lamination contrasting color core meeting 

ASTM D635. 
 

2.2.4.5 Graphic Blast Raised Copy 

 

Background is sandblasted to a uniform depth of 1/32 inch leaving raised 

text and Braille. Background must be painted with polyurethane paint. 

 

2.2.4.6 Embossed 

 

Methods other than sandblasting such as vacuum formed to create ADA 

compliant projected graphics. 

 

2.2.5 Character Proportions and Heights 

 

Letters and numbers on signs conform to 36 CFR 1191. 

 

2.2.6 Tactile Letters, Symbols and Braille 

 

Raised letters and numbers on signs must conform to 36 CFR 1191. 

 

2.3 STAIR SIGNAGE 

 

Provide signs on stairs serving three or more stories with special signage 

within the enclosure at each floor landing conforming to NFPA 101. 

Indicate the floor level, the terminus of the top and bottom of the stair 

enclosure, and the identification of the stair enclosure. Also, state the 

floor level of, and the direction to, exit discharge. Locate the signage 

inside the enclosure in a position that is visible when the door is in the 

open or closed position and install in conformance with 36 CFR 1191. The 

floor level designation must also be tactile in accordance with 

ICC A117.1 COMM. 
 

 

2.4 FABRICATION AND MANUFACTURE 

 

2.4.1 Factory Workmanship 

 

Holes for bolts and screws must be drilled or punched.  Drilling and 

punching must produce clean, true lines and surfaces. Exposed surfaces of 

work must have a smooth finish and exposed riveting must be flush. 

Fastenings must be concealed where practicable. 
 

2.4.2 Dissimilar Materials 

 

Where dissimilar metals are in contact, the surfaces will be protected to 

prevent galvanic or corrosive action. 
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2.5 COLOR, FINISH, AND CONTRAST 

 

Color must be selected by Contracting Officer’s Technical Representative 

(COTR). Finish of all signs must be eggshell, matte, or other non-glare 

finish as required in handicapped-accessible buildings. 

 

2.6 TYPEFACE 

 

Helvetica. 
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PART 3 EXECUTION 

 

3.1 INSTALLATION 

 

Signs must be installed plumb and true and in accordance with approved 

manufacturer's instructions at locations determined by the Contracting 

Officer’s Technical Representative (COTR).Submit six copies of operating 

instructions outlining the step-by-step procedures required for system 

operation. The instructions must include simplified diagrams for the 

system as installed, the manufacturer's name, model number, service 

manual, parts list, and brief description of all equipment and their basic 

operating features. Each set must be permanently bound and must have a 

hard cover.  The following identification must be inscribed on the 

covers: the words "OPERATING AND MAINTENANCE INSTRUCTIONS", name and 

location of the facility, name of the Contractor, and contract number. 

Mounting height and mounting location must conform to 36 CFR 1191. 

Required blocking must be installed. Signs on doors or other surfaces 

must not be installed until finishes on such surfaces have been 

installed. Signs installed on glass surfaces must be installed with 

matching blank back-up plates in accordance with manufacturer's 

instructions. 

 

SIGNAGE PLACEMENT SCHEDULE 

Door/Room Number Sign Type Text Insert(s) Symbol/Remarks 

[  ] [  ] [  ] [  ] [  ] 

 

Do not install items that show visual evidence of biological growth. 

 

3.1.1 Anchorage 

 

Anchorage must be in accordance with approved manufacturer's 

instructions. In high humidity interior spaces (for example, bathrooms, 

locker rooms, pools, trainers) and unconditioned spaces, use 

corrosion-resistant anchors/fasteners or with approval by the 

manufacturer, waterproof silicone adhesive. Anchorage not otherwise 

specified or shown must include slotted inserts, expansion shields, and 

powder-driven fasteners when approved for concrete; toggle bolts and 

through bolts for masonry; machine carriage bolts for steel; lag bolts and 

screws for wood. Exposed anchor and fastener materials must be compatible 

with metal to which applied and must have matching color and finish. At 

interior applications in heavy traffic areas, firmly attach signage to 

structure walls with tamper-proof fasteners. 

 

a. Signs mounted to painted gypsum board surfaces must be removable for 

painting maintenance. 

 

b. Mount signs mounted to lay-in ceiling grids with clip connections to 

ceiling tees. 

 

c. Install signs mounted on metal surfaces with magnetic tape. 

 

d. Install signs mounted on fabric surfaces with hook and loop tape or 

pin mount. 
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3.1.2 Protection and Cleaning 

 

Protect the work against damage during construction. Hardware and 

electrical equipment must be adjusted for proper operation. Glass, 

frames, and other sign surfaces must be cleaned at completion of sign 

installation in accordance with the manufacturer's approved 

instructions. Submit six copies of maintenance instructions listing 

routine procedures, repairs, and guides. 

 

-- End of Section -- 
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PART 1 GENERAL 

 

1.1 REFERENCES 

SECTION 10 21 13 

 

TOILET COMPARTMENTS 

08/17 

 

The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

ALUMINUM ASSOCIATION (AA) 

 

AA DAF45 (2003; Reaffirmed 2009) Designation System 

for Aluminum Finishes 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM A123/A123M (2017) Standard Specification for Zinc 

(Hot-Dip Galvanized) Coatings on Iron and 

Steel Products 

 

ASTM A167 (2011) Standard Specification for 

Stainless and Heat-Resisting 

Chromium-Nickel Steel Plate, Sheet, and 

Strip 

 

ASTM A336/A336M (2018) Standard Specification for Alloy 

Steel Forgings for Pressure and 

High-Temperature Parts 
 

ASTM A385/A385M (2017) Standard Practice for Providing 

High-Quality Zinc Coatings (Hot-Dip) 

 

ASTM A653/A653M (2019) Standard Specification for Steel 

Sheet, Zinc-Coated (Galvanized) or 

Zinc-Iron Alloy-Coated (Galvannealed) by 

the Hot-Dip Process 

 

ASTM B36/B36M (2018) Standard Specification for Brass 

Plate, Sheet, Strip, and Rolled Bar 

 

ASTM B86 (2018) Standard Specification for Zinc and 

Zinc-Aluminum (ZA) Alloy Foundry and Die 

Castings 

 

ASTM B221 (2014) Standard Specification for Aluminum 

and Aluminum-Alloy Extruded Bars, Rods, 

Wire, Profiles, and Tubes 

 

ASTM B456 (2017) Standard Specification for 

Electrodeposited Coatings of Copper Plus 

Nickel Plus Chromium and Nickel Plus 

Chromium 
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ASTM D6386 (2016) Standard Practice for Preparation 

of Zinc (Hot-Dip Galvanized) Coated Iron 

and Steel Product and Hardware Surfaces 

for Painting 

 

ASTM D7611/D7611M (2013; E 2014) Standard Practice for 

Coding Plastic Manufactured Articles for 

Resin Identification 

 

INTERNATIONAL CODE COUNCIL (ICC) 

 

ICC A117.1 COMM (2017) Standard And Commentary Accessible 

and Usable Buildings and Facilities 

 

SCIENTIFIC CERTIFICATION SYSTEMS (SCS) 

 

SCS  SCS Global Services (SCS) Indoor Advantage 

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE) 

SAE AMS2460 (2013; Rev A) Plating, Chromium 
 

U.S. GENERAL SERVICES ADMINISTRATION (GSA) 

 

CID A-A-60003 (Basic) Partitions, Toilet, Complete 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

36 CFR 1191 Americans with Disabilities Act (ADA) 

Accessibility Guidelines for Buildings and 

Facilities; Architectural Barriers Act 

(ABA) Accessibility Guidelines 

 

UNDERWRITERS LABORATORIES (UL) 

 

UL 2818 (2013) GREENGUARD Certification Program 

For Chemical Emissions For Building 

Materials, Finishes And Furnishings 
 

1.2 SUBMITTALS 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance to 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

Fabrication Drawings 

Installation Drawings; G 

SD-03 Product Data 

 

Cleaning and Maintenance Instructions 
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Colors And Finishes 

Galvanized Steel Sheet 

Sound-Deadening Cores 

Anchoring Devices and Fasteners 

Hardware and Fittings 

Brackets 
 

Door Hardware 

Toilet Enclosures 

Room Entrance Screens 

Urinal Screens 

Pilaster Shoes 

Finishes; G 

Recycled content for painted steel partitions and screens; S 

Recycled content for stainless steel partitions and screens; S 

Recycled content for plastic laminate partitions and screens; S 

Recycled content for plastic, solid polyethylene partitions and 

screens; S 

 

SD-04 Samples 

 

Colors and Finishes; G 

Hardware and Fittings 

Anchoring Devices and Fasteners 

SD-07 Certificates 

Warranty 
 

Indoor air quality for laminated plastic partitions and screens; S 

 

Indoor air quality for solid phenolic, black core partitions and 

screens; S 

 

SD-10 Operation and Maintenance Data 

Plastic Identification; G 

SD-11 Closeout Submittals 
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1.3 CERTIFICATIONS 

 

1.3.1 Indoor Air Quality 

 

1.3.1.1 Laminated Plastic and Solid Phenolic Products 

 

Provide products certified to meet indoor air quality requirements by 

UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 

provide certification or validation by other third-party program that 

products meet the requirements of this Section. Provide current product 

certification documentation from certification body. When product does not 

have certification, provide validation that product meets the indoor air 

quality product requirements cited herein. 

 

1.4 REGULATORY REQUIREMENTS 

 

Conform to ICC A117.1 COMM code for access for the handicapped operation 

of toilet compartment door and hardware. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

Deliver materials in the manufacturer's original unopened packages with 

the brand, item identification, and project reference clearly marked. 

Store components in a dry location that is adequately ventilated; free 

from dust, water, other contaminants, and damage during delivery, storage, 

and construction. 

 

1.6 WARRANTY 

 

Provide certification or warranties that toilet partitions will be free of 

defects in materials, fabrication, finish, and installation and will 

remain so for a period of not less than 2 years after completion. 

 

PART 2 PRODUCTS 

 

2.1 SYSTEM REQUIREMENTS 

 

Provide a complete and usable toilet partition system, including toilet 

enclosures, room entrance screens, urinal screens, system of panels, 

hardware, and support components. Furnish the partition system from a 

single manufacturer, with a standard product as shown in the most recent 

catalog data. Submit Fabrication Drawings for metal toilet partitions and 

urinal screens consisting of fabrication and assembly details to be 

performed in the factory. Submit manufacturer's Cleaning and Maintenance 

Instructions with Fabrication Drawings for review. 

 

2.1.1 Plastic Identification 

 

Verify that plastic products to be incorporated into the project are 

labeled in accordance with ASTM D7611/D7611M. Where products are not 

labeled, provide product data indicating polymeric information in the 

Operation and Maintenance Manual. 
 

Type 1 Poly thylene Terephthalate (PET, PETE) 

Type 2 High Density Polyethylene (HDPE) 
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Conformance Standard 

 

Type 1 Polyethylene Terephthalate (PET, PETE) 

Type 3 Vinyl (Polyvinyl Chloride or PVC) 

Type 4 Low Density Polyethylene (LDPE) 

Type 5 Polypropylene (PP) 

Type 6 Polystyrene (PS) 

Type 7 Other. Use of this code indicates that the package in question is 

made with a resin other than the six listed above, or is made of 

more than one resin listed above, and used in a multi-layer 

combination. 

 

2.2 MATERIALS 

 

2.2.1 Galvanized Steel Sheet 

 

Provide galvanized steel sheet cold-rolled, stretcher-level, commercial 

quality material, conforming to ASTM A653/A653M. Conform surface 

preparation of material for painting to ASTM D6386, Method A. 

 

2.2.2 Sound-Deadening Cores 

 

Provide sound deadening consisting of treated kraft paper honeycomb cores 

with a cell size of not more than 1 inch. Resin-material content must 

weigh not less than 11 percent of the finished core weight. Expanded 

cores must be faced on both sides with kraft paper. 

 

2.2.3 Anchoring Devices and Fasteners 

 

Provide steel anchoring devices and fasteners hot-dipped galvanized after 

fabrication, in conformance with ASTM A385/A385M and ASTM A123/A123M. 

Conceal all galvanized anchoring devices. 

 

2.2.4 Brackets 

 

Wall brackets must be two-ear panel brackets, T-style, 1-inch stock. 

Provide stirrup style panel-to-pilaster brackets. 

 

2.2.5 Hardware and Fittings 

 

2.2.5.1 General Requirements 

 

Conform hardware for the toilet partition system to CID A-A-60003 for the 

specified type and style of partitions. Provide hardware finish highly 

resistant to alkalis, urine, and other common toilet room acids. Comply 

latching devices and hinges for handicap compartments with 36 CFR 1191; 

provide devices and hinges with door latches that operate without either 

tight grasping or twisting of the wrist of the operator. Submit three 

samples of each item, including anchoring devices and fasteners. Approved 

hardware samples may be installed in the work if properly identified. 
 

Material 
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Cold-rolled sheet steel ASTM A336/A336M, commercial quality 

Zinc-base alloy ASTM B86, Alloy AC41-A 

Brass ASTM B36/B36M, Alloy C26800 

Aluminum ASTM B221 

Corrosion-resistant steel ASTM A167, Type [302][304] 

 

2.2.5.2 Finishes 

 

a. Chrome plating must conform to ASTM B456. 

 

b. Finish must conform to SAE AMS2460, Class I, Type [I][II]. 

 

c. Aluminum must have a clear anodic coating conforming to AA DAF45. 

 

d. Corrosion-resistant steel must have a No. 4 finish. 

 

e. Exposed fasteners must match the hardware and fittings. 

 

2.2.6 Door Hardware 

 

2.2.6.1 Hinges 

 

Hinges must be adjustable to hold in-swinging doors open at any angle up 

to 90 degrees and outswinging doors to 10 degrees. Provide 

self-lubricating hinges with the indicated swing. Hinges must be the 

cutout-insert type. have the following type of return movement: 

 

a. Gravity return movement 

 

2.2.6.2 Latch and Pull 

 

Latch and pull must be a combination rubber-faced door strike and keeper 

equipped with emergency access. 

 

2.2.6.3 Coat Hooks 

 

Coat hooks must be combination units with hooks and rubber tipped pins. 

 

2.3 PARTITION PANELS AND DOORS 

 

Fabricate partition panels and doors not less than 1 inch thick with face 

sheets not less than 0.0396 inch thick. 

 

Provide stainless steel toilet partitions and screens with recycled 

content of 50 percent minimum. 

 

2.3.1 Urinal Screens 

 

Provide and conform urinal screens to CID A-A-60003, Type III, Style A, 

wall hung and floor supported. Provide finish for surface of screens as 

stainless steel, Finish 2; water resistant; graffiti resistant; non-

absorbent. Furnish width and height of urinal screens as shown. Provide 

thickness of 1 inch. Secure wall hung urinal screens with a minimum of 

three wall 
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stirrup brackets. 42 inch long, continuous flanges. Fabricate screens 

from the same types of panels and pilasters as the toilet partitions. Use 

corrosion-resistant stainless steel fittings and fasteners. 

 

2.4 OVERHEAD-BRACED PARTITIONS 

 

Pilasters must be not less than 1-1/4 inch thick with face sheets not less 

than 0.0393 inch thick. Provide anchoring device at the bottom of the 

pilaster consisting of a channel-shaped floor stirrup fabricated from not 

less than 0.0635 inch thick material and a leveling bolt. Secure the 

stirrup to the pilaster with not less than a 3/16 inch bolt and nut after 

the pilaster is leveled.  Secure the stirrup to the floor with not less 

than two lead expansion shields and sheetmetal screws. Fabricate overhead 

brace from a continuous extruded aluminum tube not less than 1 inch wide by 

1-1/2 inch high, 0.125-inch wall thickness. Finish must be AA-C22A31 in 

accordance with AA DAF45. Set and secure brace into the top of each 

pilaster. Fabricate 3 inch high trim piece at the floor from not less than 

0.030 inch thick corrosion-resistant stainless steel. 
 

2.5 PILASTER SHOES 

 

Provide shoes at pilasters to conceal floor-mounted anchorage. Pilaster 

shoes must be stainless steel. Height must be 3 inches. 

 

2.6 HARDWARE 

 

Provide hardware for the toilet partition system that conforms to 
CID A-A-60003 for the specified type and style of partitions.  Provide 

hardware pre-drilled by manufacturer.  Use a hardware finish that is 

highly resistant to alkalis, urine, and other common toilet room acids. 

Hardware includes: chrome plated non ferrous cast pivot hinges, gravity 

type, adjustable for door close positioning; nylon bearings; aluminum 

door latch; door strike and keeper with rubber bumper; and cast alloy 

chrome plated coat hook and bumper. Provide latching devices and hinges 

for handicap compartments complying with 36 CFR 1191 and stainless steel 

door latches that operate without either tight grasping or twisting of the 

wrist of the operator. Use stainless steel, tamper proof type screws and 

bolts. Wall mounting brackets must be continuous, full height, stainless 

steel, in accordance with toilet compartment manufacturer's instructions. 

 

2.7 COLORS AND FINISHES 

 

2.7.1 Colors 

 

Provide manufacturer's standard color charts for color of finishes for 

toilet partition system components. Color of pilaster shoes must match 

the core of solid plastic compartments and screens. Submit three samples 

showing a finished edge on two adjacent sides and core construction, each 

not less than 12-inch square 

 

2.7.2 Finishes No. 1 Through No. 3 

 

Conform partitions, panels, screen, and door finishes to CID A-A-60003 

finished with Finish No. 2, stainless steel. 
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PART 3 EXECUTION 

 

3.1 PREPARATION 

 

Take field measurements prior to the preparation of drawing and 

fabrication to ensure proper fits. Verify that field measurements, 

surfaces, substrates and conditions are as required, and ready to receive 

work. Verify correct spacing of plumbing fixtures. Verify correct 

location of built in framing, anchorage, and bracing. Report in writing 

to Contracting Officer prevailing conditions that will adversely affect 

satisfactory execution of the work of this section. Do not proceed with 

work until unsatisfactory conditions have been corrected. 

 

3.2 METAL PARTITION FABRICATION 

 

a. Fabricate metal Partition Panels, doors, screens, and pilasters 

required for the project from galvanized-steel face sheets with formed 

edges. Face sheets must be pressure-laminated to the sound-deadening 

core with edges sealed with a continuous locking strip and corners 

mitered and welded. Ground all welds smooth. Provide concealed 

reinforcement for installation of hardware, fittings, and 

accessories. Surface of face sheets must be smooth and free from 

wave, warp, or buckle. 

 

b. Before application of an enamel coating system, solvent-clean 

galvanized-steel surfaces to remove processing compounds, oils, and 

other contaminants harmful to coating-system adhesion. After 

cleaning,coat the surfaces with a metal-pretreatment phosphate 

coating. After pretreatment, finish exposed galvanized-steel surfaces 

with a baked-enamel coating system as specified. 

 

c. Provide an enamel coating system consisting of a factory-applied baked 

acrylic enamel coating system. Coating system must be a durable, 

washable, stain-resistant, mar-resistant finish. 

 

3.3 INSTALLATION 

 

Do not install items that show visual evidence of biological growth. 

Install partitions rigid, straight, plumb, and level, with the panels 

centered between the fixtures. Provide a panel clearance of not more than 

1/2 inch and secure the panels to walls and pilasters with not less than 

two wall brackets attached near the top and bottom of the panel. Locate 

wall brackets so that holes for wall bolts occur in masonry or tile 

joints. Secure Panels to pilasters with brackets matching the wall 

brackets. Provide for adjustment due to minor floor variations. Locate 

head rail joints at pilaster center lines. Install adjacent components 

for consistency of line and plane. Equip each door with hinges, one door 

latch, and one coat hook and bumper. Align hardware to uniform clearance  

at vertical edges of doors. 

 

a. Secure panels to hollow plastered walls with toggle bolts using not 

less than 1/4-20 screws of the length required for the wall 

thickness. Toggle bolts must have a load-carrying strength of not 

less than 600 pounds per anchor. 

 

b. Secure panels to ceramic tile on hollow plastered walls or hollow 

concrete-masonry walls with toggle bolts using not less than 1/4-20 

screws of the length required for the wall thickness. Toggle bolts 

must have a load-carrying strength of not less than 600 pounds per 
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anchor. 

 

c. Secure panels to solid masonry or concrete with lead or brass 

expansion shields designed for use with not less than 1/4-20 screws, 

with a shield length of not less than 1-1/2 inch. Expansion shields 

must have a load-carrying strength of not less than 600 pounds per 

anchor. 

 

d. Submit Installation Drawings for metal toilet partitions and urinal 

screens showing plans, elevations, details of construction, hardware, 

reinforcing and blocking, fittings, mountings and escutcheons. 

Indicate on drawings the type of partition, location, mounting height, 

cutouts, and reinforcement required for toilet-room accessories. 

 

3.4 OVERHEAD-BRACED PARTITIONS 

 

Secure pilasters to the floor with the anchorage device specified. Make 

all leveling devices readily accessible for leveling, plumbing, and 

tightening the installation. Secure overhead brace to the pilaster face 

with not less than two fasteners per face. Expansion shields must have a 

minimum 2-inch penetration into the concrete slab. Make tops of doors 

parallel with the overhead brace when doors are in a closed position. 

 

3.5 FINAL ADJUSTMENT 

 

After completion of the installation, make final adjustments to the 

pilaster-leveling devices, door hardware, and other working parts of the 

partition assembly. Doors must have a uniform vertical edge clearance of 

approximately 3/16 inch and must rest open at approximately 30 degrees 

when unlatched. 

 

3.6 CLEANING 

 

Baked enamel finish must be touched up with the same color of paint that 

was used for the finish. Clean all surfaces of the work, and adjacent 

surfaces soiled as a result of the work, in an approved manner compliant 

with the manufacturer's recommended cleaning and protection from damage 

procedures until accepted. Remove all equipment, tools, surplus 

materials, and work debris from the site. 

 

-- End of Section -- 
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SECTION 10 28 13

TOILET ACCESSORIES
08/17

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z535.4 (2011) Product Safety Signs and Labels

ASTM INTERNATIONAL (ASTM)

ASTM C1036 (2016) Standard Specification for Flat 
Glass

ASTM F2285 (2004; R 2016; E 2016) Standard Consumer 
Safety Performance Specification for 
Diaper Changing Tables for Commercial Use

ASTM G21 (2015) Standard Practice for Determining 
Resistance of Synthetic Polymeric 
Materials to Fungi

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are forinformation only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Finishes ; G

Accessory Items ; G

Recycled content for stainless steel toilet accessories ; S

SD-04 Samples

Finishes ; G

Accessory Items

SD-07 Certificates
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Accessory Items

Baby Changing Stations

SD-10 Operation and Maintenance Data

Electric Hand Dryer ; G

1.3   CERTIFICATIONS

1.3.1   Baby Changing Stations

Provide certification that baby changing stations meet the performance 
criteria of ASTM F2285.

Provide certification that baby changing stations meet the requirements of 
ANSI Z535.4  Product Safety Signs and Labels.

Provide certification that baby changing stations meet the requirements of 
ASTM G21 Standard Practice for Determining Resistance of Synthetic 
Polymeric Materials to Fungi.

1.4   DELIVERY, STORAGE, AND HANDLING

Wrap toilet accessories for shipment and storage, then deliver to the 
jobsite in manufacturer's original packaging, and store in a clean, dry 
area protected from construction damage and vandalism.

1.5   WARRANTY

Provide manufacturer's standard performance guarantees or warranties that 
extend beyond a 1 year period.

PART 2   PRODUCTS

2.1   MANUFACTURED UNITS

Provide toilet accessories where indicated in accordance with paragraph 
SCHEDULE.  Porcelain type, tile-wall accessories are specified in Section 
09 30 10  CEMENT TILING, QUARRY TILING, AND PAVER TILING.  Provide each 
accessory item complete with the necessary mounting plates of sturdy 
construction with corrosion resistant surface.

Provide stainless steel products listed herein manufactured from materials 
containing a minimum of 50 percent recycled content.  Provide data 
identifying percentage of recycled content for stainless steel toilet 
accessories .

2.1.1   Anchors and Fasteners

Provide anchors and fasteners capable of developing a restraining force 
commensurate with the strength of the accessory to be mounted and suited 
for use with the supporting construction.  Provide tamperproof design 
exposed fasteners with finish to match the accessory.

2.1.2   Finishes

Except where noted otherwise, provide the following finishes on metal:
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Metal Finish

Stainless steel No. 4 satin finish

Carbon steel, copper alloy, and brass Chromium plated, bright

2.2   ACCESSORY ITEMS

Conform to the requirements for accessory items specified below.  Submit 
fasteners proposed for use for each type of wall construction, mounting, 
operation, and cleaning instructions and one sample of each other 
accessory proposed for use.  Incorporate approved samples into the 
finished work, provided they are identified and their locations noted.  
Submit certificate for each type of accessory specified, attesting that 
the items meet the specified requirements.

2.2.1   Grab Bar (GB)

Provide an 18 gauge,  1-1/4 inch  grab bar OD Type 304 stainless steel.  
Provide form and length for grab bar as indicated.  Provide concealed 
mounting flange.  Provide grab with peened non-slip surface.  Furnish 
installed bars capable of withstanding a  500 pound  vertical load without 
coming loose from the fastenings and without obvious permanent 
deformation.  Allow  1-1/2 inch  space between wall and grab bar.

2.2.2   Mirrors, Glass (MG)

Provide Type I transparent flat type, Class 1-clear glass for mirrors.  
Glazing Quality q1  1/4 inch  thick conforming to ASTM C1036.  Coat glass on 
one surface with silver coating, copper protective coating, and mirror 
backing paint.  Provide highly adhesive pure silver coating of a thickness 
which provides reflectivity of 83 percent or more of incident light when 
viewed through  1/4 inch  thick glass, free of pinholes or other defects.  
Provide copper protective coating with pure bright reflective copper, 
homogeneous without sludge, pinholes or other defects, of proper thickness 
to prevent "adhesion pull" by mirror backing paint.  Provide mirror 
backing paint with two coats of special scratch and abrasion-resistant 
paint and baked in uniform thickness to provide a protection for silver 
and copper coatings which will permit normal cutting and edge fabrication.

2.2.3   Paper Towel Dispenser (PTD)

Provide Georgia_Pacific model numbers 52109 or 58201 for paper towel 
dispensers.

2.2.4   Sanitary Napkin Disposer (SND)

Construct a Type 304 stainless steel sanitary napkin disposal with 
removable leak-proof receptacle for disposable liners.  Provide fifty 
disposable liners of the type standard with the manufacturer.  Retain 
receptacle in cabinet by tumbler lock.  Provide disposer with a door for 
inserting disposed napkins, surface mounted.

2.2.5   Soap Dispenser (SD)

Provide soap dispenser surface mounted, liquid type consisting of a 
vertical Type 304 stainless steel tank with holding capacity of  40 fluid 
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ounces  with a corrosion-resistant all-purpose valve that dispenses liquid 
soaps, lotions, detergents and antiseptic soaps.

2.2.6   Toilet Tissue Dispenser (TTD)

Provide Georgia-Pacific model numbers 56783 or 56784 for toilet paper 
dispensers.

2.2.7   Waste Receptacle (WR)

Provide Type 304 stainless steel waste receptacle, designed for surface 
mounting.  Provide reusable liner, of the type standard with the 
receptacle manufacturer.  Provide a minimum 2 cubic feet  capacity.  
Provide receptacles with push doors and doors for access to the waste 
compartment with continuous hinges.  Furnish tumbler key lock locking 
mechanism.

2.2.8   Toilet Seat Cover Dispenser (TSCD)

Provide Type 304 stainless steel with surface mounted toilet seat cover 
dispensers.  Provide dispenser with a minimum capacity of 500 seat covers.

2.2.9   Mop and Broom Holder (MH)

Stainless steel with grip jaw cam mechanism securing 3 mop or broom 
handles.  Also includes hooks and storage shelf.

PART 3   EXECUTION

3.1   INSTALLATION

Do not install items that show visual evidence of biological growth.  
Provide the same finish for the surfaces of fastening devices exposed 
after installation as the attached accessory.  Provide oval exposed screw 
heads.  Install accessories at the location and height indicated.  Protect 
exposed surfaces of accessories with strippable plastic or by other means 
until the installation is accepted.  After acceptance of accessories, 
remove and dispose of strippable plastic protection.  Coordinate accessory 
manufacturer's mounting details with other trades as their work progresses.
 After installation, thoroughly clean exposed surfaces and restore damaged 
work to its original condition or replace with new work.

3.1.1   Recessed Accessories

Fasten accessories with wood screws to studs, blocking or rough frame in 
wood construction.  Set anchors in mortar in masonry construction.  Fasten 
to metal studs or framing with sheet metal screws in metal construction.

3.1.2   Surface Mounted Accessories

Mount on concealed backplates, unless specified otherwise.  Conceal 
fasteners on accessories without backplates.  Install accessories with 
sheet metal screws or wood screws in lead-lined braided jute, PTFE or 
neoprene sleeves, or lead expansion shields, or with toggle bolts or other 
approved fasteners as required by the construction.  Install backplates in 
the same manner, or provide with lugs or anchors set in mortar, as 
required by the construction.  Fasten accessories mounted on gypsum board 
and plaster walls without solid backing into the metal or wood studs or to 
solid wood blocking secured between wood studs, or to metal backplates 
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secured to metal studs.

3.2   CLEANING

Clean material in accordance with manufacturer's recommendations.  Do not 
use alkaline or abrasive agents.  Take precautions to avoid scratching or 
marring exposed surfaces.

3.3   SCHEDULE

Accessories Required

Room or Space MG PTD SMLD SD SH TTD

[______] [______] [______] [______] [______] [______] [______]

         -- End of Section --
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SECTION 10 51 13

METAL LOCKERS
05/11

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A1008/A1008M (2016) Standard Specification for Steel, 
Sheet, Cold-Rolled, Carbon, Structural, 
High-Strength Low-Alloy, High-Strength 
Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardenable

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-PRF-22750 (2014; Rev G; Notice 1 2019) Coating, 
Epoxy, High Solids

MIL-PRF-23377 (2012; Rev K) Primer Coatings: Epoxy, High 
Solids

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS AA-L-00486 (Rev J) Lockers, Clothing, Steel

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Types ; G

Location ; G

Installation

Numbering system

SD-03 Product Data

Material
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Locking Devices

Handles

Finish

Locker components

Assembly  instructions

SD-04 Samples

Color chips ; G

1.3   DELIVERY, HANDLING, AND STORAGE

Deliver lockers and associated materials in their original packages, 
containers, or bundles bearing the manufacturer's name and the name of the 
material.  Protect from weather, soil, and damage during delivery, 
storage, and construction.

1.4   FIELD MEASUREMENTS

To ensure proper fits, make field measurements prior to the preparation of 
drawings and fabrication.  Verify correct location

1.5   QUALITY ASSURANCE

1.5.1   Color Chips

Provide a minimum of three color chips, not less than  3 inches  square, of 
each color indicated.

Government may request performance-characteristic tests on assembled 
lockers.  Tests and results must conform to FS AA-L-00486 .  Lockers not 
conforming will be rejected.

PART 2   PRODUCTS

2.1   TYPES

Locker must have the following type and size in the location and 
quantities indicated.  Locker finish colors will be as scheduled.

2.1.1   Double-Tier

Double-tier lockers must be as follows:

Type DTC-1:  Double-tier locker  18 inches wide, 18 inches deep, and 72 
inches  high, attached to a  6-inch  high closed base

2.2   MATERIAL

2.2.1   Steel Sheet

ASTM A1008/A1008M , commercial quality, minimized spangle material.  
Prepare material surfaces for baked enamel finishing in accordance with 
FS AA-L-00486 .  Fabricate locker bodies from not less than  0.0239-inch  
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thick steel sheet.

2.2.2   Finish

FS AA-L-00486 .

Primer, MIL-PRF-23377 ; topcoat, MIL-PRF-22750 .

2.2.2.1   Color

As selected.

2.3   COMPONENTS

2.3.1   Built-In Locks

FS AA-L-00486 .  Provide locking devices  as a padlock eye in the door 
latching mechanism.

Built-in locks are not required.

2.3.2   Coat Hooks

FS AA-L-00486 , chromium plated.

2.3.3   Door Handles

FS AA-L-00486 .  Provide zinc alloy or steel handles with a chromium 
coating.

2.3.4   Doors

FS AA-L-00486 , not less than  0.0598 inch  thick steel sheet.

2.3.4.1   Hinges

In addition to the requirements of FS AA-L-00486 , provide 5-knuckle 
hinges, minimum  2 inches  high.  Fabricate knuckle hinges from not less than
 0.0787 inch  thick steel sheet.  A full height piano hinge may be provided 
if standard with the manufacturer.  Weld or bolt hinges to the door 
frame.  Weld, bolt, or rivet hinges to the door.

2.3.4.2   Latching Mechanisms

FS AA-L-00486 .

2.3.5   Latch Strikes

FS AA-L-00486 .  Fabricate from not less than  0.0787 inch  thick steel 
sheet, except latch strike may be continuous from top to bottom and 
fabricated as part of the door framing.

2.3.6   Silencers

FS AA-L-00486 .

2.3.7   Back and Side Panels, Tops, and Bottoms

FS AA-L-00486 , not less than  0.0474 inch  thick steel sheet.
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2.3.8   Sloping Locker Tops

Provide sloping locker tops in addition to the locker-section flat tops.  
Sloping tops must be continuous in length.  Provide fillers or closures at 
the exposed end of sloping tops.  Fabricate sloping tops from not less than
 0.0478-inch  thick steel sheet.

2.3.9   Shelves

FS AA-L-00486 .  Fabricate from not less than  0.0598 inch  thick steel sheet.

2.3.10   Base Panels

FS AA-L-00486 .

2.3.11   Number Plates

FS AA-L-00486 .  Aluminum.  Provide consecutive numbers .

[Number plates are not required.]

2.3.12   Label Holders

2.3.13   Fastening Devices

Provide bolts, nuts, and rivets as specified in FS AA-L-00486 .

PART 3   EXECUTION

3.1   ASSEMBLY AND INSTALLATION

Assemble lockers according to the locker manufacturer's instructions.  
Align lockers horizontally and vertically.  Secure lockers to wall and base
 with screws as indicated.  Bolt adjacent lockers together.  Adjust doors 
to operate freely without sticking or binding and to ensure they close 
tightly.

3.2   NUMBERING SYSTEM

Install number plates on lockers consecutively  as indicated.

3.3   FIELD QUALITY CONTROL

3.3.1   Testing

Government may request performance-characteristic tests on assembled 
lockers in accordance with FS AA-L-00486 .  Lockers not conforming will be 
rejected.

3.3.2   Repairing

Remove and replace damaged and unacceptable portions of completed work 
with new.

3.3.3   Cleaning

Clean surfaces of the work, and adjacent surfaces soiled as a result of 
the work, in an approved manner.  Remove equipment, surplus materials, and 
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rubbish from the site.

        -- End of Section --
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SECTION 12 24 13

ROLLER WINDOW SHADES
08/17

PART 1   GENERAL

1.1   GENERAL REQUIREMENTS

Provide roller window shades, complete with necessary brackets, fittings, 
and hardware as indicated.  Mount and operate equipment in accordance with 
manufacturer's instructions.  Windows to receive a shade must be 
completely covered.

a.  Submit drawings showing plans, elevations, sections, product details, 
installation details, operational clearances, wiring diagrams and 
relationship to adjacent work.  Include the use of same room 
designations as indicated on the drawings.

b.  Provide manufacturer's data composed of catalog cuts, brochures, 
product information, and operating and maintenance instructions on 
each product to be used.  Include styles, profiles and features.

c.  Furnish samples of each type and color of roller shade fabric and 
roller shade channel.  Shade material shall be minimum 6 by 6 inch  in 
size.  Mark face of material to indicate interior faces.

d.  Mock up:  Install shade in area designated by Contracting Officer.  Do 
not proceed with remaining work until the Contracting Officer approves 
workmanship and operation.  Re-work mock-up as required to produce 
acceptable work.  The approved shade can be used in installation.

e.  Submit fire resistance data, flame spread and smoke contribution data.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ASTM INTERNATIONAL (ASTM)

ASTM G21 (2015) Standard Practice for Determining 
Resistance of Synthetic Polymeric 
Materials to Fungi

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 701 (2019) Standard Methods of Fire Tests for 
Flame Propagation of Textiles and Films

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage
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UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES

SD-02 Shop Drawings

Installation ; G

SD-03 Product Data

Window Shades ; G

Recycled Content for various fiber components ; S

SD-04 Samples

Window Shades ; G

SD-06 Test Reports

Window Shades

SD-07 Certificates

Indoor Air Quality for roller window shades ; S

SD-08 Manufacturer's Instructions

Window Shades

SD-10 Operation and Maintenance Data

Window Shades

SD-11 Closeout Submittals

Warranty ; G

1.4   CERTIFICATES

1.4.1   Indoor Air Quality  Certifications

1.4.1.1   Roller Window Shades

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard), SCS Global Services Indoor Advantage Gold or provide 
validation by other third-party program that products meet the 
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requirements of this paragraph.  Provide current product certification 
documentation from certification body.

1.5   QUALITY ASSURANCE

1.5.1   Qualifications

1.5.1.1   Manufacturer's Qualifications

Obtain motor-controlled roller shades through one source from a single 
manufacturer with a minimum of twenty years experience and minimum of 
three projects of similar scope and size in manufacturing products 
comparable to those specified in this section.

1.5.1.2   Installer's Qualifications

Installer trained and certified by the manufacturer with a minimum of ten 
years experience in installing products comparable to those specified in 
this section.

1.5.2   Flammability Requirements

Passes in accordance with NFPA 701  small and large-scale vertical burn.  
Materials tested must be identical to products proposed for use.

1.5.3   Anti-Microbial Requirements

'No Growth' per ASTM G21 results for fungi ATCC9642, ATCC 9644, ATCC9645.

1.6   DELIVERY, STORAGE, AND HANDLING

Deliver components to the jobsite in the manufacturer's original packaging 
with the brand or company name, item identification, and project reference 
clearly marked.  Store components in a dry location that is adequately 
ventilated and free from dust, water, or other contaminants and has easy 
access for inspection and handling.  Store materials flat in a clean dry 
area with temperature maintained above  50 degrees F .  Do not open 
containers until needed for installation unless verification inspection is 
required.

1.7   WARRANTY

Provide 10 year minimum limited warranty.

PART 2   PRODUCTS

2.1   WINDOW SHADES

Roller tube must operate smoothly and be of sufficient diameter and 
thickness to prevent excessive deflection.  Provide brackets that are 
appropriate for inside mount.  The shade cloth must meet the performance 
described in NFPA 701 , small scale test.  Treat steel features for 
corrosion resistance.

Provide Various Fiber Components with a minimum of 60 percent recycled 
content.  Provide data identifying percentage of recycled content for 
various fiber components .

Provide certification of indoor air quality for roller window shades .
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2.1.1   Light Filtering Shades

Provide light filtering window shades to conform with the following:

a.  Roller tube must be extruded aluminum or steel.  Diameter, wall 
thickness, and material to be selected by the manufacturer to 
accommodate the shade size.  Provide roller idler assembly of molded 
nylon and zinc-plated steel pin.  Sliding pin must allow easy 
installation and removal of roller.  Fabric must be connected to the 
roller tube with double sided adhesive specifically developed to 
attach coated textiles to metal to eliminate horizontal impressions in 
fabric or attached with a spline lock system.

b. Fascia must be L-shaped aluminum extrusion to conceal shade roller and 
hardware that snaps onto end caps without requiring exposed fasteners 
of any kind.  Fascia can be mounted continuously across two or more 
shade bands.

c.  End caps must be stamped steel with universal design suitable for 
mounting to window mullions.  Provide size compatible with roller 
size.  End cap covers must match fascia/headbox finish.

d.  Provide hardware that allows for field adjustment or removal of shade 
roller tube and other operable hardware component[ or adjustment of 
motor] without requiring removal of brackets and end or center 
supports.  Provide hardware system that allows for operation of 
multiple shade bands by a single operator.  Connectors must be offset 
to assure alignment from the first to the last shade band.  Provide 
shade hardware constructed of minimum  1/8 inch  thick plated steel or 
heavier as required to support 150 percent of the full weight of each 
shade.

e.  Manual Operated Chain Drive Hardware must provide for universal, 
regular and offset drive capacity, allowing drive chain to fall at 
front, rear or non-offset for all shade drive end brackets.  Universal 
offset must be adjustable for future change.  Provide positive 
mechanical engagement of drive mechanism to shade roller tube.  The 
drive bracket must be fully integrated with all accessories.  Drive 
chain must be #10 stainless steel chain rated to  90 lb.  minimum 
breaking strength.

2.2   COLOR

Provide color, pattern and texture for metal and shade fabric in 
accordance with Section 09 06 00  SCHEDULES FOR FINISHES black .  Color 
listed is not intended to limit the selection of equal colors from other 
manufacturers.  Openness factor of shade fabric must be 3 percent.

PART 3   EXECUTION

3.1   FIELD MEASUREMENTS

After becoming familiar with details of the work, verify all dimensions in 
the field, and advise the Contracting Officer of any discrepancy before 
performing the work.
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3.2   INSTALLATION

Do not install building construction materials that show visual evidence 
of biological growth.

Perform installation in accordance with the approved detail drawings and 
manufacturer's installation instructions.  Install units level, plumb, 
secure, and at proper height and location relative to window units.  
Provide and install supplementary or miscellaneous items in total, 
including clips, brackets, or anchorages incidental to or necessary for a 
sound, secure, and complete installation.  Do not start installation until 
completion of room painting and finishing operations.

3.3   CLEAN-UP

Upon completion of the installation, clean window treatments and adjust 
them for form and appearance and proper operating condition.  Repair or 
replace damaged units as directed by the Contracting Officer.  Isolate 
metal parts from direct contact with concrete, mortar, or dissimilar 
metals.  Ensure shades installed in recessed pockets can be removed 
without disturbing the pocket.  The entire shade, when retracted, must be 
contained inside the pocket.  For shades installed outside the jambs and 
mullions, overlap each jamb and mullion  0.75 inch  or more when the jamb 
and mullion sizes permit.  Include all hardware, brackets, anchors, 
fasteners, and accessories necessary for a complete, finished installation.

           -- End of Section --
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SECTION 12 36 00

COUNTERTOPS
08/18

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN FOREST FOUNDATION (AFF)

ATFS STANDARDS (2015) American Tree Farm System Standards 
of Sustainability 2015-2020

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A161.2 (1998) Decorative Laminate Countertops, 
Performance Standards for Fabricated High 
Pressure

ASTM INTERNATIONAL (ASTM)

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers

CSA GROUP (CSA)

CSA Z809-08 (R2013) Sustainable Forest Management

FOREST STEWARDSHIP COUNCIL (FSC)

FSC STD 01 001 (2015) Principles and Criteria for Forest 
Stewardship

INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS 
(IAPMO)

IAPMO Z124.3 (2005) Plastic Lavatories

KITCHEN CABINET MANUFACTURERS ASSOCIATION (KCMA)

KCMA A161.1 (2017) Performance & Construction 
Standards for Kitchen and Vanity Cabinets
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PROGRAMME FOR ENDORSEMENT OF FOREST CERTIFICATION (PEFC)

PEFC ST 2002:2013 (2015) PEFC International Standard Chain 
of Custody of Forest Based Products 
Requirements

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

SUSTAINABLE FOREST INITIATIVE (SFI)

SFI 2015-2019 (2015) Standards, Rules for Label Use, 
Procedures and Guidance

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are  for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Fabrication ; G

Installation Drawings ; G

SD-03 Product Data

Plywood ; G

Hardwood ; G

Granite ; G

Marble ; G

Synthetic Resin ; G

Stainless Steel ; G

Recycled Content for Stainless Steel Countertops ; S

Tile ; G
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FRP; G

Adhesives ; G

Filler Material ; G

Particle Board ; G

Recycled Content for Particleboard ; S

Turpentine ; G

Varnish ; G

Fasteners ; G

Stainless Steel Sinks ; G

Service Fixtures ; G

Joint Sealants ; G

Softwoods ; G

Plastic Laminate ; G

Indoor Air Quality for Laminate and Wood Member Adhesives ; S

Indoor Air Quality for Mounting and Stone Adhesives ; S

Indoor Air Quality for Joint Sealants ; S

SD-04 Samples

Countertop ; G

Backsplash ; G

Manufacturer's Standard Color Charts ; G

SD-07 Certificates

Certified Sustainably Harvested Wood ; S

Indoor Air Quality for Countertop Products ; S

SD-08 Manufacturer's Instructions

Manufacturer's Instructions

1.3   CERTIFICATIONS

1.3.1   Certified Sustainably Harvested Wood

Provide wood certified as sustainably harvested by FSC STD 01 001 [, 
ATFS STANDARDS, CSA Z809-08 , SFI 2015-2019 , or other third party program 
certified by PEFC ST 2002:2013 ].  Provide a letter of Certification of 
Sustainably Harvested Wood signed by the wood supplier.  Identify 
certifying organization and their third party program name and indicate 
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compliance with chain-of-custody program requirements.  Submit sustainable 
wood certification data; identify each certified product on a line item 
basis.  Submit copies of invoices bearing certification numbers.

1.3.2   Indoor Air Quality Certification

Submit required indoor air quality certifications in one submittal package.

1.3.2.1   Countertop Products

Provide countertop products certified to meet indoor air quality 
requirements by UL 2818  (Greenguard) Gold, SCS Global Services Indoor 
Advantage Gold or provide certification or validation by other third-party 
program that products meet the requirements of this Section.  Provide 
current product certification documentation from certification body.  When 
product does not have certification, provide validation that product meets 
the indoor air quality product requirements cited herein.

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver, store, and handle countertops and backsplash in a manner that 
will prevent damage and disfigurement.

Provide temporary skids under units weighing more than 100  pounds .

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide the manufacturer's standard type countertops or as indicated on 
the drawings.  Accomplish fastenings to permit removal and replacement of 
individual countertops without affecting the remainder of the installation.

Submit manufacturer's instructions  for countertops including special 
provisions required to install equipment components and system packages.  
Include all special notices detailing impedances, hazards and safety 
precautions.

Submit manufacturer's standard color charts  for countertops showing the 
manufacturer's recommended color and finish selections.

Provide countertop products certified to meet the emissions requirements 
of CDPH SECTION 01350  (limit requirements for either office or classroom 
spaces regardless of space type).  Provide certification or validation of 
indoor air quality for countertop products .

2.1.1   Design

Provide factory fabricated, prefinished  Solid Polyester Resin Cultured 
Marble Countertops countertops in the manufacturer's standard sizes and 
finishes of the type, design, and configuration indicated.  Provide 
countertops as specified and meet the requirements of KCMA A161.1 .  
Accomplish fastenings to permit removal and replacement of individual 
units without affecting the remainder of the installation.  Provide 
counters with watertight sink rim when indicated.  Include removable 
drawers equipped with position stops to avoid accidental complete 
withdrawals.
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2.2   FABRICATION

2.2.1   Countertop  And Backsplash

Provide countertops and backsplash of Solid Polyester Resin Cultured 
Marble Countertops  according to ANSI A161.2 .

Provide a water-resistant type plywood, Grade B-D Douglas fir plywood, 
with a minimum thickness of  3/4-inch . Solid Polyester Resin Cultured Marble 
Countertops backsplash  3/4-inch  thick by the height indicated, according 
to ANSI A161.2 .

Provide steel no lighter than  22-gage  stainless steel for backed 
construction and not lighter than  18-gage  stainless steel for integral 
construction.  Reinforce steel tops on edges and around sink-rim opening.  
Provide counters of one-piece construction; where stainless steel sink 
bowls are provided, weld and polish smooth all joints.  Make joints 
between sink, countertop, and backsplash watertight.  Provide backsplash 
of the same material as countertop and form with square edges, and height 
as indicated.

Provide continuous sheet laminate of the longest length practicable and of 
the design and color selected.  Provide joints in the surface sheeting 
that are tight and flush, and held to a practical minimum number.

Provide sink rims which are the standard products of a manufacturer 
regularly producing this type of equipment, fabricated from stainless 
steel of the size necessary to receive the sinks.

2.2.1.1   Solid Polyester Resin Cultured Marble Countertops

Provide countertop and backsplash; as shown.  Use material of  3/4-inch  
thickness minimum, cast, and filled nonporous solid surfacing composed of 
polyester resin crushed marble, glass frit, mineral fillers and pigments.  
Material is to comply with IAPMO Z124.3  and the following performance 
requirement; Flammability: Class I, flame spread of 25 maximum, smoke 
developed of 100 maximum when tested in accordance with ASTM E84.

2.2.2   Color, Texture, and Pattern

Select color  as indicated on the drawings. Color listed is not intended 
to limit the selection of equal colors from other manufacturers.

2.3   MIXES

2.3.1   Adhesives

Provide mounting and stone adhesives meeting either emissions requirements 
of CDPH SECTION 01350  (limit requirements for either office or classroom 
spaces regardless of space type) or VOC content requirements of 
SCAQMD Rule 1168 .  Provide validation of indoor air quality for mounting 
and stone adhesives .

2.3.1.1   Mounting Adhesives

Provide structural-grade silicone or epoxy adhesives of type recommended 
by manufacturer for application and conditions of use.
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Provide spacers, if required, of type recommended by adhesive manufacturer.

2.3.1.2   Stone Adhesive

Provide epoxy or polyester adhesive of type recommend by manufacturer for 
application and conditions of use.

If adhesive will be visible in finished work, tint adhesive to match 
surfacing.

2.3.2   Joint Sealants

Use clear silicone sealant of type recommended by manufacturer for 
application and conditions of use.  Provide joint sealant products meeting 
either emissions requirements of CDPH SECTION 01350  (limit requirements 
for either office or classroom spaces regardless of space type) or VOC 
content requirements of SCAQMD Rule 1168 .  Provide validation of indoor 
air quality for joint sealants .

Provide anti-bacterial type in toilet  and  bath rooms,  food preparation 
areas.

PART 3   EXECUTION

3.1   INSTALLATION

Inspect material for defects prior to installation.  Ensure materials 
throughout bear labels with the same batch number.  Visually inspect 
materials used for adjacent pieces to assure acceptable color match.  
Inspect in lighting conditions similar to those on the project.  Repair or 
replace damaged materials.

Install countertops plumb with cabinetry level to within  1/16-inch in 
10-feet .  Level base cabinets by adjusting leveling screws.  Scribe and 
fit scribe strips to irregularities of adjacent surfaces.  Gap openings 
exceeding  0.025-inch  are not acceptable.

Secure countertops to cabinetry and wall construction using  1/4-inch  
diameter masonry anchors, spaced  30-inches  maximum on center.

Submit installation drawings  for countertops.  Ensure drawings include 
location of cabinets, details of cabinets related and dimensional 
positions, and locations for roughing in plumbing, including sinks, 
faucets, strainers and cocks.

3.1.1   Preliminary Installation and Adjustment

Install materials in accordance to manufacturer's recommendations.  Lift 
and place to avoid breakage.

Position materials to verify that materials are correctly sized and 
prepared.  Make necessary adjustments.

If jobsite cutting, grinding, or polishing is required, use water-cooled 
tools.  Protect jobsite and surfaces against dust and water.  Perform work 
away from installation site if possible.

Gypsum drywall back walls which are not fireoracoustically rated may be 
routed up to half the thickness of the drywall to allow countertop to fit.
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Shim countertop drainage adjacent to sinksandwhere drainage is required, 
slightly to insure positive drainage.

3.1.2   Surfacing

3.1.3   Permanent Installation

After verifying fit, remove quartz surfacing from position, clean 
substrates of dust and contamination, and clean quartz surfacing back side 
and joints with solvent.

Apply sufficient quantity of mounting adhesive in accordance with adhesive 
manufacturer's recommendations to provide permanent, secure installation.

Spacing of mounting adhesive will not exceed:

a.  Horizontal Surfaces:   6-inch  on center

b.  Vertical Surfaces:   6-inch  on center; provide temporary shims until 
adhesive cures.

FastenersGroutHardware:  

Install surfacing plumb, level, and square and flat to within  1/6-inch in 
10-feet .

3.1.4   Joints

Ensure joints between adjacent pieces of quartz surfacing are:

a.  Flush, tight fitting, level, and neat.

b.  Securely joined with stone adhesive.  Fill joints level with quartz 
surfacing.

Clamp or brace quartz surfacing in position until adhesive sets.

Seal joints between backsplashes and countertops with silicone sealer.

3.2   FIELD QUALITY CONTROL

Examine casework grounds and supports for adequate anchorage, foreign 
material, moisture, and unevenness that could prevent quality casework 
installation.

Ensure that electrical and plumbing rough-ins for casework are complete.  
Do not proceed with installation until defects are corrected.

3.3   ADJUSTING AND CLEANING

3.3.1   Solvent

Use a product recommended by adhesive manufacturer to clean surface of 
quartz surfacing to assure adhesion of adhesives [and sealants].

3.3.2   Cleaning Agents

Use non-abrasive, soft-scrub type kitchen cleaners.
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3.3.3   Cleaning

On completion of cabinet installation, touch up marred or abraded finished 
surfaces.  Remove crating and packing materials from premises.  Wipe down 
surfaces to remove fingerprints and markings and leave in clean condition.

        -- End of Section --
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The publications listed below form a part of this specification to the 

extent referenced. The publications are referred to within the text by 

the basic designation only. 

 

AMERICAN FOREST FOUNDATION (AFF) 

 

ATFS STANDARDS (2015) American Tree Farm System Standards 

of Sustainability 2015-2020 

 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 

ANSI Z97.1 (2015) Safety Glazing Materials Used in 

Buildings - Safety Performance 

Specifications and Methods of Test 

 

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 

ENGINEERS (ASHRAE) 

 

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 

Except Low-Rise Residential Buildings 

 

ASHRAE 90.1 - SI (2013) Energy Standard for Buildings 

Except Low-Rise Residential Buildings 

 

ASTM INTERNATIONAL (ASTM) 

 

ASTM C423 (2009a) Sound Absorption and Sound 

Absorption Coefficients by the 

Reverberation Room Method 

 

ASTM C1048 (2018) Standard Specification for 
Heat-Strengthened and Fully Tempered Flat 

Glass 

 

ASTM E84 (2018a) Standard Test Method for Surface 

Burning Characteristics of Building 

Materials 

 

ASTM E290 (2014) Bend Testing of Material for 

Ductility 

 

BIFMA INTERNATIONAL (BIFMA) 

 

ANSI/BIFMA M7.1 (2011; R 2016) Test Method for Determining 

VOC Emissions from Office Furniture 

Systems, Components and Seating 
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ANSI/BIFMA X5.5 (2014) American National Standards For 

Office Furnishings -Desk Products 

 

ANSI/BIFMA X5.6 (2016) American National Standards For 

Office Furnishings -Panel Systems 
 

CSA GROUP (CSA) 

 

CSA Z809-08 (R2013) Sustainable Forest Management 

FOREST STEWARDSHIP COUNCIL (FSC) 

FSC STD 01 001 (2015) Principles and Criteria for Forest 

Stewardship 

 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

 

NEMA WD 1 (1999; R 2015) Standard for General Color 

Requirements for Wiring Devices 

 

NEMA WD 6 (2016) Wiring Devices Dimensions 

Specifications 

 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

 

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 

TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 

TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 

TIA 17-11; TIA 17-12; TIA 17-13; TIA 

17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 

National Electrical Code 
 

NFPA 101 (2018; TIA 18-1; TIA 18-2; TIA 18-3) Life 

Safety Code 
 

NFPA 265 (2019) Standard Methods of Fire Tests for 

Evaluating Room Fire Growth Contribution 

of Textile or Expanded Vinyl Wall 

Coverings on Full Height Panels and Walls 

 

PROGRAMME FOR ENDORSEMENT OF FOREST CERTIFICATION (PEFC) 

 

PEFC ST 2002:2013 (2015) PEFC International Standard Chain 

of Custody of Forest Based Products 

Requirements 

 

SCIENTIFIC CERTIFICATION SYSTEMS (SCS) 

 

SCS  SCS Global Services (SCS) Indoor Advantage 

SUSTAINABLE FOREST INITIATIVE (SFI) 

SFI 2015-2019 (2015) Standards, Rules for Label Use, 

Procedures and Guidance 

 

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA) 

 

TIA-568-C.2 (2009; Errata 2010; Add 2 2014; Add 1 

2016) Balanced Twisted-Pair 
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Telecommunications Cabling and Components 

Standards 

 

TIA-569 (2015d) Commercial Building Standard for 

Telecommunications Pathways and Spaces 

 

U.S. DEPARTMENT OF ENERGY (DOE) 

 

Energy Star (1992; R 2006) Energy Star Energy 

Efficiency Labeling System (FEMP) 

 

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 

 

36 CFR 1191 Americans with Disabilities Act (ADA) 

Accessibility Guidelines for Buildings and 

Facilities; Architectural Barriers Act 

(ABA) Accessibility Guidelines 

 

UNDERWRITERS LABORATORIES (UL) 

 

UL 723 (2018) UL Standard for Safety Test for 

Surface Burning Characteristics of 

Building Materials 

UL 1286 (2008; Reprint Jan 2018) UL Standard for 

Safety Office Furnishings 

UL 2818 (2013) GREENGUARD Certification Program 

For Chemical Emissions For Building 

Materials, Finishes And Furnishings 

1.2 SUBMITTALS 
 

 

Government approval is required for submittals with a "G" designation; 

submittals not having a "G" designation are for information only. When 

used, a designation following the "G" designation identifies the office 

that will review the submittal for the Government. Submittals with an "S" 

are for inclusion in the Sustainability eNotebook, in conformance to 

Section 01 33 29 SUSTAINABILITY REPORTING. Submit the following in 

accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

 

SD-02 Shop Drawings 

Detail Drawings; G 

SD-03 Product Data 

Warranty; G 

Workstations 

Power and Communications 

Communications 

Recycled Content for system furniture components; S 

Energy Star Label for Task Lighting; S 
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SD-04 Samples 

 

Workstations; G 

Mock-up; G 

Samples 

SD-06 Test Reports 

Selected Components; G 

Panel Acoustics; G 

Fire Safety; G 

Electrical System; G 

SD-07 Certificates 

Workstations 

Certified Sustainably Harvested door panels; S 

SD-08 Manufacturer's Instructions 

SD-10 Operation and Maintenance Data 

Assembly Manuals; G 

Maintenance Manuals; G 

Cleaning;  G 

Electrical System; G 

Maintenance Agreements 

Installation; G 

1.3 CERTIFICATIONS 

 

1.3.1 Certified Sustainably Harvested Wood 

 

Provide wood door panels certified as sustainably harvested by 

FSC STD 01 001, ATFS STANDARDS, CSA Z809-08, SFI 2015-2019, or other 
third party program certified by PEFC ST 2002:2013. Provide a letter of 

Certification of Sustainably Harvested Wood signed by the wood supplier. 

Identify certifying organization and their third party program name and 

indicate compliance with chain-of-custody program requirements. Submit 

sustainable wood certification data; identify each certified product on a 

line item basis. Provide current product certification documentation from 

certification body. Submit copies of invoices bearing certification 

numbers. 
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1.3.2 Indoor Air QualityCertifications 

 

1.3.2.1 Office Furniture Systems and Seating 

 

Provide products certified to meet indoor air quality requirements by 

UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold, 

ANSI/BIFMA M7.1 Certification or provide certification by other 
third-party program that products meet the requirements of this Section. 

Provide current product certification documentation from certification 

body. When product does not have certification, provide validation that 

product meets the indoor air quality product requirements cited herein. 

 

1.4 QUALITY ASSURANCE 

 

1.4.1 General Safety 

 

Provide workstation products free of rough or sharp edges. Provide panel 

supported components with a positive, integral locking device which 

secures components without the use of additional screws or clamps to 

prevent the components from being accidentally pulled or knocked off the 

panels. Provide desk-based workstation components with an option for a 

positive, integral locking device that secures components to the base 

units. 

 

1.4.2 Fire Safety 

 

Components must meet requirements for flame spread and smoke development 

as specified by NFPA 101 except as follows. Conduct testing in accordance 

with either ASTM E84 or UL 723 on the entire assembled panel of the worst 

case (most combustible) combination of fabric and interior construction. 

In addition, fabric must meet the requirements of NFPA 265. Do not exceed 

25 for Class A for panel flame spread and 450 for Class A, B and C panel 

smoke development . 

 

1.4.3 Electrical System 

 

Task lights are required to be UL listed and installation of task lighting 

must meet the requirements of NFPA 70. The electrical system must meet 

the requirements of UL 1286. Submit three sets of electrical system 

manuals describing the functions, configuration, and maintenance of the 

electrical system (power, communications, data). This material may be 

included in the Assembly or Maintenance manuals at the Contractor's 

option. 

 

1.4.4 Detail Drawings 

 

Submit detail drawings showing communications, electronic data processing 

(EDP) and local area network (LAN); locations may be provided as a 

separate submittal from remaining workstation drawings. Provide drawing 

requirements, which are the furniture manufacturer's responsibility, as a 

single submittal. Provide electronic drawings to the user for future 

re-configuration in the software package requested by the user. Include 

in the electronic drawings all modifications made during installation. As 

a minimum, submit the following: 

 

a. Overall reference drawings: Drawings showing workstation locations 

and overall plan view within each floor in a scale shown on drawings. 

Layouts must reflect field verified conditions and clearly illustrate 

the overall space planning concept 
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and intent. 

 

b. Installation drawings: Drawings showing workstations, panels, 

components, and plan view within each floor. Identify workstations by 

workstation type; submit drawings showing the proposed workstation 

installation at a scale of 1/4 inch = 1 foot, unless otherwise 

specified. Installation drawings must reflect field verified 

conditions. 

 

c. Workstation elevations: Dimensioned workstation elevations showing 

each type of workstation with panel frame configurations and all 

components identified with manufacturer's catalog numbers. Draw 

elevations at 1/2 inch = 1 foot scale. 

 

d. Panel drawings: Panel drawings showing locations and critical 

dimensions from finished face of walls, columns, panels, including 

clearances and aisle widths. Key assemblies to a legend which 

includes width, height, configuration and composition of frame covers 

finishes and fabrics (if different selections exist within a project), 

power or nonpower, connectors and wall mount hardware. Coordinate 

panel placement with location of electrical, voice/date LAN, SIPRNet, 

NIPERNet, mechanical and fire protection fixtures. Drawings must 

reflect field verified conditions. 

 

e. Electrical drawings: Drawings showing power provisions including type 

and location of feeder components (service entry poles, base or 

ceiling feeds), activated power receptacles and other electrical 

components. Wiring configuration (circuiting, switching, internal and 

external connections) identified and a legend provided as applicable. 

Identify which receptacles in typical furniture configurations will be 

connected to controlled building power circuits as applicable to meet 

ASHRAE 90.1 – IP or ASHRAE 90.1 - SI requirements. Coordinate with 

electrical drawings. 

 

f. Wire management capacity drawings. 

 

g. Communication drawings showing telephone provisions: Drawings 

indicating the type and location of feeder components and 

communications jacks with wiring configuration identified where 

applicable. 

 

h. Communication drawings showing electronic data processing provisions: 

Drawings indicating the type and location of feeder components, 

communications jacks, or accessories with wiring configuration 

identified where applicable. 

 

i. Communication drawings showing local area network provisions: 

Drawings indicating the type and location of feeder components and 

data jacks with extra ports for future expansion with wiring 

configuration identified where applicable. 

 

j. Communications drawings indicating the TIA-568-C.2 pin/pair assignment 

that will be used for communications outlet as coordinated with the 

COR. 

 

k. Reflected ceiling plan for projects specified with power poles. 

 

l. Drawings indicating cabling is protected at all transition points, and 

that metallic separation is provided between telecommunication and 
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power wiring in the utility columns and systems furniture track in 

accordance with TIA-569 and NFPA 70. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

Deliver components to the jobsite in the manufacturer's original packaging 

with the brand, item identification, and project reference clearly 

marked. Remove furniture from packaging and store in an unoccupied, dry 

location that is ventilated. Storage shall be free from dirt and dust, 

water, and other contaminants, and in a manner that permits easy access 

for inspection and handling. 

 

1.6 WARRANTY 

 

Warrant the systems furniture for a minimum period of 12 years with the 

following exceptions: fabrics and other covering materials, and paper 

handling products for 3 years, LED drivers/power supplies for 5 years, and 

electromagnetic ballasts for 3 years. Warranties must be signed by the 

authorized representative of the manufacturer. Present warranties, 

accompanied by document authenticating the signer as an authorized 

representative of the guarantor, to the Contracting Officer upon the 

completion of the project. Guarantee that the workstation products and 

installation are free from any defects in material and workmanship from 

the date of delivery. Submit two copies of the warranty. 

 

1.7 MAINTENANCE AGREEMENTS 

 

Collect information from the manufacturer about maintenance agreement 

options, and submit to Contracting Officer. Submit documentation that 

includes contact information, summary of procedures, and the limitations 

and conditions applicable to the project. Indicate manufacturer's 

commitment to reclaim materials for recycling and/or reuse and avoid 

landfilling and burning reclaimed materials. When such a service is not 

available through a manufacturer, local recyclers should be sought after 

to reclaim the materials. 

 

PART 2 PRODUCTS 

 

2.1 MATERIALS 

 

Provide System Furniture Components with a minimum of 55 percent recycled 

content. Provide data identifying percentage of recycled content for 

system furniture components. 

 

Provide certification of indoor air quality for Office Furniture Systems 

and Seating. 

 

2.2 SYSTEM DESCRIPTION 

 

2.2.1 Workstations 

 

This specification establishes the minimum requirements for the 

acquisition and installation of a complete and usable system of 

workstations composed of panels, freestanding work surfaces or base units, 

supporting components, electrical hardware, communications, special 

electrical features, and accessories. Provide workstation requirements 

and configurations in accordance with the furniture layout and typical 

workstation types shown in drawings and specified herein. Provide 

components and hardware from a single manufacturer that are standard 
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products as shown in the most recent published price lists or amendments. 

Proposed product must be part of the manufacturer's current line with no 

intent to discontinue within two years. Submit complete listing of 

part/model numbers for all components to be provided, including names and 

codes of components referenced on updated drawings. Provide electrical 

components from a single manufacturer to the extent practicable (different 

types of components may be of different manufacturers, but all units of a 

given component must be from a single source). Conformance with NFPA 70, 

UL 1286, NFPA 101, and 36 CFR 1191 is required.  Coordinate the work of 

this section with that to be performed under other sections. This 

specification may include items which are not manufactured by the 

furniture manufacturer; provide any such items under this section. Submit 

two complete sets of certificates attesting that the proposed workstation 

meets specified requirements. Date the certificate after the award of the 

contract, include the name of the project, and list specific requirements 

being certified. 

 

2.2.2 Samples 

 

Submit samples as required to obtain final approval. The Government 

reserves the right to reject any finish samples that do not satisfy the 

technical or color requirements. Work can not proceed without sample 

approval in writing from the Contracting Officer. Submit four sets of the 

finish samples listed below: 

 

a. Panel, tackboard and overhead door fabric. Minimum 6 by 6 inches with 

label designating the manufacturer, pattern, color, fiber content, 

fabric width, fabric weight, fire rating, and use (panel and/or 

tackboard). 

 

b. Workstation component finishes. Minimum 2-1/2 by 3 inches with label 

designating the manufacturer, material composition, thickness, color, 

and finish. 

 

c. Personal Task lights (Not overhead task lights). 

 

d. Panel glazing. Glazing samples with label designating the material 

and safety ratings. 

 

2.2.3 Mock-up 

 

Submit a Mock-up of an actual workstation reflecting approved finishes and 

fabrics. Locate the mock-up installation at approved off-site location. 

Do not order product for the project until the mock-up has been approved. 

Submit manufacturer's product and construction specifications which 

provide technical data for furniture system and components specified, 

including task lighting and illumination performance information. Include 

adequate information in the literature to verify that the proposed product 

meets the specification. Review of the mock-up may result in adjustments 

to the product, layout and finishes. The approved mock-up can be used in 

installation. 

 

2.2.4 Alternate Design 

 

Manufacturers who are unable to provide workstations that conform exactly 

to the furniture layouts and typical workstation types shown in the 

contract drawings, may submit alternate designs for consideration by the 

Contracting Officer. Alternate designs must meet or exceed the following 

criteria. Alternate designs that are submitted but do not meet these 
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criteria will be rejected. In the alternate design provide workstations 

and components of the same basic size and configuration shown, with only 

the sizes of the individual components within the workstation changed to 

meet the standard product of the manufacturer or site conditions. 

 

2.2.4.1 Component Requirements 

 

Provide the types of components or elements as shown on the drawings and 

as specified in PART 2 PRODUCTS of this specification. Do not reduce the 

storage capacity, number of workstations accommodated, width of aisles, or 

workstation configuration. 

 

2.2.4.2 Wiring Configuration 

 

Alternate configurations shall support the circuiting and connection 

capabilities identified under the provisions pertaining to power 

distribution of paragraph POWER AND COMMUNICATIONS. Generally any 

alternate will be acceptable which involves only a variation in size or 

quantity that exceeds the specified configuration. 

 

2.2.5 Performance Requirements 

 

Panels, frames and frame covers, connection system, work surfaces, 

pedestals, shelf units, overhead door cabinets, lateral files, locks, 

accessories, and miscellaneous hardware must meet testing as specified. 

ISO 9001 certified manufacturers may perform in-house testing. 

Manufacturers not ISO 9001 qualified will be required to produce testing 

by an independent testing laboratory. Component specific requirements are 

listed in appropriate paragraphs. 

 

2.2.5.1 Selected Components 

 

Workstation conformance to ANSI/BIFMA X5.5 and ANSI/BIFMA X5.6 is required 

with the following exceptions: Panels, or panel supported components 

conformance to ANSI/BIFMA X5.6 is required. Representative items will be 

selected for testing based on worst case situations (i.e., the deepest and 

widest work surface or shelf). Perform the keyboard drawer or shelf test 

applying a 50 lb load to the center of the keyboard shelf for a period of 

5 minutes. Any loosening of attachments or damage to the operation of the 

drawer or shelf will be cause for rejection. 

 

2.2.5.2 Panel Acoustics 

 

Provide acoustical panels with a minimum noise reduction coefficient (NRC) 

of 0.65 when tested in accordance with ASTM C423 and a minimum sound 

transfer coefficient (STC) of 26 when tested in accordance with ASTM E290. 

Conduct the test on the entire assembled panel, full face area (the 

complete core, adhesive, decorative fabric, frame and joining components). 

 

2.2.5.3 Panel Glazing 

 

Tempered glass must conform to ANSI Z97.1 and ASTM C1048, Kind FT, 

Condition A, Type I, Class 1 Transparent. 

 

2.2.6 Pattern and Color 

 

Provide pattern and color of finishes and fabrics for panel systems, 
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components, and trim in accordance with Section 09 06 00 SCHEDULES FOR 
FINISHES. 

 

2.3 SYSTEMS FURNITURE 

 

2.3.1 Panel System Components 
 

Supply aaccessories and appurtenances for a completely finished panel 

assembly with the system. Provide a system capable of structurally 

supporting cantilevered work surfaces, shelves, files, overhead cabinets, 

and other components in the configurations shown on the drawings plus more 

than one fully loaded component per panel per side. Provide panels that 

are tackable or capable of accommodating fabric covered tackboards, 

acoustical, stackable with a system capable of lowering or raising the 

overall panel assembly height at horizontal connections by removing or 

adding panel-frames on-site without disturbing adjacent panel components, 

segmented as designated on the drawings.  Segments will be field removable 

from both sides of the panel.  Provide capability for worksurfaces to 

attach to the panels in 1 - 2 inch increments. Provide a spine wall system 

where electrical and data management will be easily accessible by 

removable wall covers that can be removed while workstation components are 

still attached. Cables must be laid in the system, not threaded through 

the frame. Provide a panel system that is  available in a variety of 

nominal widths and heights as designated on the drawings. Measure heights 

from the finished floor to the top of the panel. Supply powered and 

nonpowered panels that are compatible in height. Coordinate panel heights 

with the HVAC and electrical designs. Minimum panel thickness is 3 inches 

thick. System to have 100 percent off-modular capability with no 

defacement of any element caused by components when used in an off-modular 

application. Unique panel frames must not be required for off modular 

connections. Submit three sets of Assembly Manuals describing assembly and 

reconfiguration procedures. 

 

2.3.2 Panel Finishes 
Provide panels in the following options: safety glazed, open frame, 

tackable fabric, acoustical fabric, wood veneer, marker surface, 

paint, slat tile, perforated metal. Frame covers may have 
 

different options on either side of the frame. Exposed panel trim to 
have a factory baked enamel or epoxy powder finish. Filler trim will 

either match the panel trim or be fabric covered to match the panel 

fabric. Provide each fabric-faced panel with a seamless width of fabric 

stretched over the entire face of the panel. The fabric color throughout 

the installation must be consistent. Curved panels may use adhesives on 

curved sections. Attach the fabric securely and continuously along the 

entire perimeter of the panel and allow for easy removal and replacement 

in the field (with the exception of curved panels).Fabric must be factory 

installed with panel fabric content. 

 

2.3.3 Raceways 

 

Provide raceways and covers as an integral part of the panel whether 

powered or nonpowered. Magnet held base covers will not be accepted. 

 

2.3.4 Leveling Glides 

 

Provide precise alignment of adjacent panels and include leveling glides 

to compensate for uneven floors. Provide quantity and location of 

leveling glides as recommended by the manufacturer. A minimum 3/4 inch 

adjustment range is required. 
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2.3.5 Connection System 

 

Provide connectors which accommodate a variety of configurations as 

indicated on the drawings to include: a straight line connection of 2 

panels (180 degrees), corner connection of 2 panels (90 degrees), T 

connection of 3 panels (90 degrees), cross connection of 4 panels (all 90 

degrees),angle connection of 2 panels (120 degrees), and a connection of 2 

panels for setting the panels at any angle. Provide tight 

connections with continuous visual and acoustical seals. Plastic, painted 

metal, fabric or wood finish connections are required to match system. 

Provide connector system that allows removal of a single panel within a 

typical workstation configuration, without requiring disassembly of the 

workstation or removal of adjacent panels. Provide for connection of 

similar or dissimilar heights to include trim pieces to finish the exposed 

edge. Right angle (90 degree) connections between panels must not 

interfere with the capability to hang work surfaces and other components 

on any adjacent panel. Provide, as required, the continuation of 

electrical and communications wiring within workstations and from 

workstation to workstation. Filler posts must be level with the top rail. 

 

2.3.6 Wall Mounted Panels 

 

Use wall-mount components when it is necessary to attach panels or 

vertical panel-frame assemblies to the building walls. Provide structural 

support for wall panels as required. Panels and other systems furniture 

components are not be wall mounted unless they are included in the 

original design. 

 

2.3.7 Glazed Panel Inserts 

 

Provide safety glass glazed panel inserts in accordance with ANSI Z97.1 

and ASTM C1048. Acrylic glazing will not be accepted. 

 

2.3.8 Door Panels 

 

Provide door panels with a rigid metal frame with rails, a threshold, and 

a wood clad door adaptable to either hand swing. Allow for a 

minimum 32 inch clear opening. Include connectors, hinges, and brushed 

chrome finished ADA compliant door knob or handle. 

 

2.3.9 Sliding Doors 

 

Attach sliding or rolling doors to the panel as shown on the drawings. 

Provide doors that the direction in which the door slides can be changed 

in the field. Supply translucent door in same width or wider than the 

opening to be covered. Provide door pulls for each side of 

door. Door frame to match the panel frame color. 

 

2.4 DESK-BASED SYSTEM 

 

Supply accessories and appurtenances for a completely finished desk-based 

assembly within the system. Provide a desk-based system that is 

free-standing, independent of panel system support and capable of 

structurally supporting work surfaces, shelves, and other components in 

the configurations shown on the drawings. Provide a variety of nominal 

widths and depths as indicated on drawings. 
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2.5 WORK SURFACES 

 

2.5.1 Construction 

 

Construct work surfaces to prevent warpage. Fully support work surfaces 

from the panels or support jointly by the panels and supplemental legs, 

pedestals, or furniture end panels. Use supplemental end supports only 

under work surfaces when the work station configuration does not permit 

full support by the panels. Use metal support brackets to support work 

surfaces from the panels, provide metal-to-metal fitting to the vertical 

uprights of the panels, vertically adjustable, to lock the work surfaces 

in place without panel modifications. Support work surfaces with legs, 

pedestals, or furniture end panels.  Abutting work surfaces must line up 

closely and be at equal heights when used in side-by-side configurations 

in order to provide a continuous and level work surface. Provide 

pre-drilled holes to accommodate storage components, pedestals and 

additional supports in work surfaces, or drill holes at the job site to 

accommodate these items. Provide work surfaces in sizes and 

configurations shown on the drawings. Provide work surfaces in nominal 

depths of 20 inches, and  24 inches, and  30 inches, plus or minus 2 

inches, nominal lengths from 24 to 72 inches, and a nominal thickness 

from 1 to 1-3/4 inches. Provide height adjustable 

work surfaces from 25 to 52 inches above the finished floor with a 

crank-based or mechanical or electrical control. Provide corner, 

peninsula, and counter/transaction work surfaces as shown on the 

drawings and include hardware necessary to provide firm and rigid 

support. Work surfaces must have 100 percent off-modular capability with 

no defacement of any element caused by components when used in an 

off-modular application. Provide mobile half round table to include 

casters of which a minimum 2 must be locking, and table must lock to the 

adjacent worksurface. 

 

2.5.2 Finishes 

 

Provide work surfaces with a finished top surface of high pressure plastic 

laminate and a smoothly finished underside. The work surface must not be 

damaged by ordinary household solvents, acids, alcohols, or salt 

solutions. Provide metal support brackets that match the color and finish 

of trim. Provide ABS edges. 

 

2.6 PEDESTALS 

 

Provide drawer configurations and pedestal height as shown on the 

drawings. Provide the deepest possible pedestal for each work surface 

size specified. Free standing mobile pedestals to include an attached 

upholstered seat cushion, a handle for moving, and casters. Mobile 

pedestals must be load bearing and equipped with counterbalance as 

standard. Provide appropriate height of mobile pedestal so it can be 

stored under a standard height worksurface. 

 

2.6.1 Construction 

 

Provide pedestals and drawers of steel construction with the exception of 

drawer fronts. Securely attach drawer faces to the drawer front. 

 

2.6.2 Finishes 

 

Provide a factory baked enamel finish or powder coated for steel 
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surfaces. Provide steel or plastic laminate drawer fronts. 

 

2.6.3 Drawer Requirements 

 

Pedestals must be field interchangeable from left to right, and right to 

left, and must retain the pedestal locking system capability. Design 

pedestals to protect wires from being damaged by drawer operation. 

Provide pedestals that are work surface hung,support work surfaces,free 

standing mobile. Drawers must stay securely closed when in the closed 

position and provide each drawer with a safety catch to prevent accidental 

removal when fully open. File drawers to be provided with full extension 

ball bearing drawer slides or rack and pinion suspension. File drawers 

to be provided with hanging folder frames or rails and capable of hanging 

side-to-side or front-to-back. Provide dividers with vertical files. 

Provide box drawers with pencil trays. Provide center pencil drawer and 

mount under the work surface. 

 

2.7 STORAGE 

 

Provide storage units in the sizes and configurations shown on the 

drawings. Provide task lights under overhead cabinets and shelf units. 

Depth to accommodate a standard three ring binder Panel attached storage 

is required to have 100 percent off-modular compatibility with no 

defacement of any element caused by components when used in an off-

modular application. 

 

2.7.1 Shelf Unit Construction 

 

Provide metal construction shelf pan with formed edges. Provide shelf 

supporting end panels of metal, high density particle board, molded 

phenolic resin, or molded melamine. Provide relocatable shelf dividers 

with shelf units. 

 

2.7.2 Overhead Cabinet Construction 

 

Provide metal construction overhead cabinets. Provide doors with a 

suspension system. Provide overhead cabinet door that retracts over the 

top of the cabinet and is curved. Provide overhead cabinet door that 

retracts into the cabinet. Overhead cabinet must be ADA accessible. 

2.7.3 Lateral File, Vertical File and Book Case Construction Provide 

units and file fronts, top and end panels of steel construction. 

File drawers to be provided with full extension ball bearing drawer slides 

or rack and pinion suspension. File drawers to be provided with hanging 

folder frames or rails and capable of hanging side-to-side or 

front-to-back. Provide dividers with vertical files. 
 

2.7.4 Personal Storage Tower Construction 

 

Provide personal storage tower and components of steel construction. 

Height of the unit to be the same height as the surrounding 
panels. The personal storage tower will include one full height 

wardrobe unit with coat rod, two file drawers, bookcase with two 

adjustable shelves, and hinged lockable doors. 
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2.7.5 Finish 

 

Provide a factory baked enamel or epoxy powder coat finish for shelves, 

dividers and top dust cover. Provide either a factory baked enamel, epoxy 

powder coat or laminate finish for shelf supporting end panels. Shelf 

bottom is required to match end panel color. Provide metal doors with an 

exterior finish of factory baked enamel and an interior finish of factory 

baked enamel or epoxy powder coat. Provide a factory baked enamel finish 

or epoxy powder coat on metal drawers.  

 

2.8 ACCESSORIES 

 

2.8.1 Coat Hook 

 

Provide one mounted coat hook per workstation. 

 

2.8.2 Keyboard Tray 

 

Provide work surfaces that are capable of accepting an articulating 

keyboard in locations as shown on the drawings. The keyboard tray must be 

capable of fully recessing under the work surface and extending to give 

the user full access to the keyboard. Provide height adjustability, 

180-degree swing side travel rotation and negative tilting capability. 

Include a wrist support and a mouse pad at the same level as the keyboard 

tray to accommodate either right or left-handed users. 

 

2.8.3 Tackboards 

 

Fabric must be factory installed. Provide fabric content of 

tackboards. Location and size as shown on the drawings. 

 

2.8.4 Erasable Marker Boards 

 

Provide marker boards with a white writing surface that can be easily 

written on and erased and unaffected by common marker board 

cleaning/conditioning agents. Include a storage tray and minimum two 

markers with the markerboard. Size and location as shown on the 

drawings. 

 

2.8.5 Paper Management Unit 

 

Provide paper management units. Construct these units of coated steel 

or injection molded plastic to accommodate either legal or letter size 

lengths. 

 

2.8.6 Wall Mounted Components 

 

Provide wall tracks when components are shown attached directly to wall 

surfaces. Provide tracks of heavy duty extruded metal with finish and 

color matching the the panel trim. Provide vertically aligned tracks 

slotted on 1 inch centers in heights required that match slot spacing for 

components. 

 

2.8.7 CPU Holder 

 

Provide a mounting to support the computer hard drive. Desk top and floor 

locations are not acceptable. 
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2.8.8 Signage 

 

Provide panel mounted signage composed, at a minimum, of aluminum frame, 

back panel, clear plastic cover, and hanging device. Provide signage 

approximately 3 by 8 inches and capable of receiving a replaceable 

standard white paper insert. Match text type. Include name of occupant on 

signage for each workstation with names provided by customer prior to 

installation. Provide software for creating text in PC computers for owner 

production of replacement paper inserts after project completion. 

 

2.8.9 Slat Tile 

 

Provide slat tile with channels to accommodate attachments such as monitor 

arm, task light and organizer accessories. Provide maximum slat tile 

height and a length. Slat tile must be integral to the panel and not 

attached to the surface of the panel. Provide slat tile that is able to 

support the weight of two monitor arms and two flat panels simultaneously. 

 

2.8.10 Monitor Arm 

 

Provide monitor arm that allows 360 degree monitor rotation for portrait 

and landscape viewing, and 60 degree range of lateral and vertical monitor 

tilt for additional viewing adjustability. Provide monitor arm that 

supports monitors weighing 7 to 19 lbs.Provide dual monitor arm for 2 

screens. Mount monitor arm on slat walls or work surface. 

 

2.9 MISCELLANEOUS HARDWARE 

 

Provide brackets, supports, hangers, clips, panel supported legs, 

connectors, adjustable feet, cover plates, stabilizers, and other 

miscellaneous hardware that contribute to a complete and operable 

furniture system. 

 

2.10 LOCKS AND KEYING 
Provide overhead cabinets, vertical files, personal storage towers, 

pedestals and lateral files with keyed locks, unless otherwise noted. 

Provide field changeable lock cylinders with a minimum of 100 different 

key options. Key each workstation individually, and key locks alike 

within a workstation. Provide lockable drawers within a pedestal 

either by a central lock that controls all pedestals under one work 

surface or an individual keyed lock in each pedestal. Key alike 

central file and storage units which are grouped together but are not a 

part of a workstation unless otherwise specified. Provide two keys for 

each lock or two keys per workstation when keyed alike, and provide three 

master keys per area as indicated. Number keys and lock cylinders for 

ease of replacement. Clearly label locks with a key number, except for 

those manufacturers who have removable format locks. Provide door panels 

with keyed door knob set. 

 

2.11 POWER AND COMMUNICATIONS 

 

Provide both powered and nonpowered panels with base raceways capable of 

distributing power circuits, communication cables and data lines. Provide 

nonpowered bases that are capable of easy field conversion to powered 

base without requiring the panel to be dismantled or removed from 
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the workstation. Provide panels able to support lay-in cabling and having 

a large capacity for power and data. Provide ample space for 

storing excess wires and fiber optic cables in the interior of the spine 

wall frame. Provide easy access to power and data systems in the spine 

wall without having to move return panels or components. Provide the 

ability for the spine wall system to supply power to a wall-attached panel 

system and/or an adjacent desk system. A termination center or utility 

closet may be utilized in the wall or at the end of a panel run.  Provide 

copper cable assemblies, wiring harnesses or electrified bus for the 

system and meet the requirements of UL 1286 and NFPA 70, Article 605. 

Provide conductors with 20 amp 90 degree C, #12 AWG wires (unless 

indicated otherwise) or the equivalent in the bus configuration. A single 

circuit must not serve more than four (4) cubicles or workstations under 

any circumstances. The label or listing of Underwriter's Laboratories,  

Inc. will be accepted as evidence that the material or equipment conforms 

to the applicable standards of that agency. In lieu of this label or 

listing, submit a statement from a nationally recognized, adequately 

equipped testing agency indicating that the items have been tested in 

accordance with required procedures of UL and that the materials and 

equipment comply with contract requirements.  Electrical work not 

addressed in this section must conform to the requirements of Section 

26 20 00 INTERIOR DISTRIBUTION SYSTEM. 

 

2.11.1 Panel Raceways 

 

Provide panels that have hinged or removable covers that permit easy 

access to the raceway when required but are securely mounted and cannot be 

accidentally dislodged under normal conditions. Place raceways in 

locations such as the base, beltline, and below and above the beltline. 

The raceway must not extend past either panel face or frame cover by more 

than 1/2 inch. Provide metal or plastic covers which attach securely to 

the raceway as required and match the finish and color of the panel trim. 

Provide a minimum of 2 knockouts (doors) per side for power receptacles 

and communications jacks as indicated in raceways in full size over 24 

inches powered panels on panel frames. Provide other raceways that are 

flush with panel face or frame covers. 

 

2.11.2 Power Distribution 

 

Provide power distribution as indicated on the drawings. Provide an 

internal power and communications raceway and the capability of 

disconnecting and connecting external circuits to the electrified raceway 

in the panel. Capacity for at least twenty 4-pair category 

6 cables is required for the communications receiving raceway. Power and 

communications wiring may share a common wireway if a metal divider is 

included to ensure electrical isolation. Provide doors or access openings 

for entry of communications cable. Provide the electrified power raceway 

for the 10-wire, 8-wire, 6-wire or 5-wire configuration indicated. Unless 

otherwise indicated, allocate conductors of the 8-wire system as follows: 

the three-phase system will have one equipment ground, one isolated 

ground, one neutral, and two each dedicated phase. Unless otherwise 

indicated, allocate conductors of the 8-wire system as follows (4-2-2 

shared neutrals, 2+2): the three-phase system will have one equipment 

ground, one isolated ground, two oversized (133 percent minimum) neutral, 

and four phase conductors; each neutral will be used by two phase 

conductors, no neutral conductor will be connected to multiple phase 

conductors of the same phase, and no ground conductor will be on the same 

circuit as two phase conductors from the same phase; circuits sharing a 

given neutral 
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conductor will share the same ground conductor. 

 

2.11.2.1 Receptacles 

 

Provide power receptacles in the powered panels.  Place devices at the 

locations indicated on the plans connected to the designated circuits. 

Electrical power receptacles and communications jacks should have the 

ability to be hung at  8 inch multiple vertical increments throughout the 

frame via power harnesses. Unless otherwise indicated, receptacles must be 

20 amp (NEMA 5-20R) commercial grade conforming to NEMA WD 1 and NEMA WD 

6. Provide 10 percent spare devices of each type shown on these plans if 

receptacles are not interchangeable or will not permit field adjustment of 

phase and circuit selection. All receptacles are required to be of the 

duplex configuration; unless otherwise indicated, special use receptacles 

are required to be of the simplex configuration with the blade/pin 

arrangement identified on the plans. Coordinate the color of receptacle 

bodies with the color of the panel trim. Isolated ground receptacles must 

be orange or have distinct markings. Furniture receptacles whose building 

power supply circuit is controlled by an energy management system, timer, 

or some other automatic means or are provided with local automatic 

control, will be 
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identified using the standard symbol shown in NFPA 70 Figure 406.3(E); 

each outlet on a multi-outlet receptacle shall be identified 

individually. Provide field applied identification that is permanent; 

stick-on or non-setting adhesives are not acceptable. Provide 5 percent 

spare devices for each configuration and type of receptacle. 

Provide a minimum of 5 receptacle removal tools for systems that require 

special tools for proper receptacle removal. 

 

2.11.2.2 Power Cabling Variations 

 

The paragraph Power Distribution has identified specific cabling 

configurations. Since universal conventions have not been established, 

variant configurations available from various manufacturers will be 

considered. Alternates shall allow the same circuiting, device 

connections, neutral and ground separation, and upstream feeder 

connections as shown on the plans. See paragraph ALTERNATE DESIGN. An 

example of an acceptable variation includes the use of a manufacturer's 

configuration which allocates individual conductors differently, but which 

has the same quantity of conductors and allows devices to be physically 

connected in the field as shown on the plans. It is not necessary that 

the manufacturer's labeling codes or terminology match the designations 

used on project plans or in the specifications; however, neutrals and 

grounds shall have insulation color coded per standard practice or be 

provided with tags, colored tape, colored ribbons or similar 

identification. (The reference to "dedicated" conductors in this 

specification pertains to circuit connections upstream and load 

connections downstream of panels; it is not necessary that manufacturer's 

designations correspond.) 

 

2.11.3 Electrical Connections 

 

2.11.3.1 Internal Connections 

 

Utilize hardwired connections for internal panel-to-panel power 

connections and provide the powered configurations shown on the drawings. 

 

2.11.3.2 Connections to Building Services 

 

Supply external power and communications services to the panels via 

direct-wired top or base entry modules. hard wired top or base entry 

junction box assemblies. Extend wiring from building services to the 

entry modules or panel bases in metal conduit or tubing or in flexible 

liquid tight conduit 6 foot maximum. Do not use cord and plug assemblies 

for any portion of external links. Provide base feed modules that plug 

into the end or either side of the raceway at receptacle doors. Top 

entry modules or junction box assemblies are required to extend the power 

and communications wiring into service entry poles attached to the 

electrified panels. External wiring must conform to Section 26 20 00 

INTERIOR DISTRIBUTION SYSTEM. 

 

2.11.4 Wire Management 

 

Provide wire management capability at all workstations and accommodate all 

cable types specified, including the applicable manufacturer required 
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bending radius at corners. Design raceways and interfaces to the raceways 

to accommodate the bend radius as shown in TIA-569 for Category 7 and 

fiber optic cables communication wiring whichever is greater. Copper and 

fiber cabling shall meet the requirements of Section 27 10 00 BUILDING 

TELECOMMUNICATIONS CABLING SYSTEM. The capability may be accomplished by 

cable access cutouts (1 minimum per work surface), covered wire management 

troughs in vertical end panels, horizontal wiring troughs, internal 

midpanel (beltline) raceways, or rear gaps (between the back edge of the 

work surface and the facing support panel).  Provide grommet kits or 

another suitable finish arrangement for all cable cutouts. Provide 

accessories for an externally mounted vertical and horizontal wire 

management and concealment system as recommended by the manufacturer. 

Supply horizontal wire managers for mounting under all work surfaces. 

Attach the wire managers either to the underside of the work surface or to 

the vertical panel without damaging the face. Exposed or loose wiring 

will not be acceptable.  Wire managers must be prefinished and secure, 

conceal, and accommodate outlet cords as well as electrical and 

communications wiring. Wire channels are required to match color of panel 

trim, attach by means of clip-on attachment, and conceal wires routed 

vertically. Separate power wiring from communication wiring by use of 

separate raceways or by placement of channels in joint use troughs or 

wireways. 

 

2.11.5 Circuit Layout 

 

Provide the circuit layout for workstations on the drawings. Connect 

devices to the designated circuits in the neutral, ground, and automatic 

control configurations indicated. Connections must be made to the 

building electrical distribution system as shown on the contract drawings 

and in accordance with Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM. 

 

2.11.6 Service Entry Poles 

 

Provide service poles, as indicated on the contract drawings, and capable 

of minimally accommodating the 8-wire or 10-wire power configuration and 

the equivalent of twenty 4-pair category 

6 cables. Poles must have metal barriers or channels to separate power 

and communications wiring. Pole dimensions can be equal to maximum panel 

thickness. Designated poles are required to have the capability of being 

opened along the vertical access to permit the lay-in of wiring. Provide 

each pole with a wiring interface, an end cap and a ceiling trim plate 

which extends a minimum of 1-1/2 inches from all sides of the pole. 

Include a junction box either as part of the pole assembly or in a field 

installed configuration with poles for power service. Service poles must 

be securely attached to the panels and installed plumb. Provide wiring 

and interface components as required to connect the building power supply 

to power poles. 

 

2.11.7 Task Lighting 

 

Provide task lights with light emitting diode (LED) technology to include 

a built-in reflector and shielding device that prevents direct glare into 

an occupant's eyes when they are in a typical working position. Provide 

adjustable arm task lights with adjustable, fully articulated and balanced 

head and arms, minimum 10 inch adjustable arm range, linear, circular, or 

compact fluorescent lamp technology, cord set for plug in, built in 

reflector, that is panel mounted or desk mounted or freestanding.Provide 

task light size and 
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placement on the contract drawings. It is required that lights be a 

standard component of the manufacturer's workstation products, and the 

ends of the task light length can not extend beyond the edges of the 

overhead cabinet. Enclose task light power cords within vertical wire 

cover or clips. Luminaires shall be UL approved for use in the 

configurations indicated on the drawings.Provide task lighting that is 

Energy Star labeled. Provide data identifying Energy Star label for task 

lighting. 

 

2.11.7.1 Luminaire Configuration 

 

Provide luminaires and lamps as specified in Section 26 51 00 INTERIOR 

LIGHTING and modified herein. For undershelf or undercabinet lighting, 

provide luminaires that are light emitting diode (LED) type and have 

prismatic lenses, baffles, or other shielding device configured to 

minimize glare by shielding the lamp from view of the seated user. For 

adjustable arm task lights, provide luminaires that are linear, circular, 

or compact fluorescent lamp or LED type and have prismatic lenses, 

baffles, or other shielding device configured to minimize glare by 

shielfing the lamp from view of the seated user. For 

fluorescent-type luminaires, provide built-in reflectors. Provide task 

lights for each workstation with a minimum of 650 lx 75 footcandles of 

light (horizontally measured) without veiling reflections, on the work 

surface directly below and a maximum of 20 inches from the luminaire.

 Easily removable diffusers, grilles, or other coverings are 

required to allow for cleaning and relamping.  

For LED-type task lighting, power consumption shall not exceed 8 watts per 

foot. Correlated Color Temperature (CCT) of task lighting shall match 

the CCT of the ambient room lighting. Provide an easily accessible on-off 

switch and one ballast or driver per luminaire. A variable intensity 

control is acceptable if the low setting is equivalent to "off" with zero 

energy consumption. Multiple level switching is also acceptable For 

LED type technology, ganged luminaires or shared drivers are permitted for 

up to 4 continuous feet in length. A single driver designed for use 

with an individual LED housing of greater than 4 feet in length is 

allowed. 

 

2.11.7.2 Wiring 

 

Provide each luminaire with a 6 foot minimum, factory installed, heavy 

duty electrical cordset with a grounded plug for luminaries that are 

mounted on the same wall as the receptacle. Provide luminaires mounted on 

non-powered wall with a 9 foot minimum, factory installed heavy duty 

electrical cordset with a grounded plug. Direct or hard wire connections 

are not acceptable. Unless otherwise indicated, conceal cord. Built-in 

cord concealment is required within panels or utilize field installed, 

manufacturer approved accessories. Cords may be extended through 

dedicated channels located at any point within panels or may be placed in 

vertical slots or in the space between panels if held in place by 

retainers and concealed by a cover plate.  Vertical wire managers are 

required to be prefinished and cut to size and shall extend from the task 

light level down to the top of the work surface below the task light. 

Attach each manager to a panel vertical edge or connector strip without 

damage to the surfaces. 
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2.11.7.3 Control Device 

 

Provide occupancy sensors with "manual ON", "automatic OFF" controls for 

luminaire control. For furniture with 

automatically-controlled building supply power circuits, task lighting 

shall be connected to an automatically-controlled circuit 

 

2.11.8 Communications 

 

Communications wiring will be extended to, and installed in, the 

electrified panels as shown on the plans. Install communications jacks at 

designated locations.  Provide a communication consolidation point at the 

end of the cubicle. The consolidation point will consist of a 48 port 

patch panel that is rated for Category 7. The panel that covers the 

consolidation panel is required to be lockable with all locks keyed alike.

 These locks must not be keyed the same as any other item 

associated with the workstations. Communications work may be performed 

in conjunction with the installation of workstations or may be separately 

executed at the Contractor's option; however, equipment, materials, and 

installation must conform to the requirements of Section 27 10 00 BUILDING 

TELECOMMUNICATIONS CABLING SYSTEM, and properly coordinate all 

interfaces. 

 

2.11.9 Special Systems 

 

Provide management for secure and nonsecure power, computer and 

telecommunications cabling through designated raceway systems. Separate 

secure distribution from nonsecure distribution by running secure lines 

along top located raceway and nonsecure along the bottom of the 

workstation panel. 

 

PART 3 EXECUTION 

 

3.1 INSTALLATION 

 

Install the workstations using certified installers in accordance with 

manufacturer's recommended installation instructions. A licensed 

electrician is required to hardwire the workstations. Install workstation 

components level, plumb, square, and with proper alignment with adjoining 

furniture. Securely interconnect and attach components to the building 

where required. Provide three sets of special tools and equipment 

necessary for the relocation of panels and other components. Verify that 

equipment is properly installed, connected, and adjusted. 

 

3.2 CLEANING 

 

Provide cleanup as specified in Section 01 78 00 CLOSEOUT SUBMITTALS. 

Upon completion of installation, clean and polish all products and leave 

the area in a clean and neat condition. Any defects in material and 

installation are required to be repaired, and damaged products that cannot 

be satisfactorily repaired are required to be replaced. Submit three sets 

of Maintenance Manuals describing proper cleaning and minor repair 

procedures. 

 

-- End of Section -- 
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WET PIPE SPRINKLER SYSTEM, FIRE PROTECTION
05/09

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o within the text by the 
basic designation only.

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1015 (2009) Performance Requirements for Double 
Check Backflow Prevention Assemblies and 
Double Check Fire Protection Backflow 
Prevention Assemblies - (ANSI approved 
2010)

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C104/A21.4 (2008; Errata 2010) Cement-Mortar Lining 
for Ductile-Iron Pipe and Fittings for 
Water

AWWA C110/A21.10 (2012) Ductile-Iron and Gray-Iron Fittings 
for Water

AWWA C111/A21.11 (2012) Rubber-Gasket Joints for 
Ductile-Iron Pressure Pipe and Fittings

AWWA C151/A21.51 (2009) Ductile-Iron Pipe, Centrifugally 
Cast, for Water

AWWA C203 (2008) Coal-Tar Protective Coatings and 
Linings for Steel Water Pipelines - Enamel 
and Tape - Hot-Applied

ASME INTERNATIONAL (ASME)

ASME B16.1 (2010) Gray Iron Pipe Flanges and Flanged 
Fittings Classes 25, 125, and 250

ASME B16.11 (2011) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.21 (2011) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.3 (2011) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.4 (2011) Standard for Gray Iron Threaded 
Fittings; Classes 125 and 250
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ASME B16.9 (2012) Standard for Factory-Made Wrought 
Steel Buttwelding Fittings

ASME B18.2.2 (2010) Nuts for General Applications: 
Machine Screw Nuts, Hex, Square, Hex 
Flange, and Coupling Nuts (Inch Series)

ASTM INTERNATIONAL (ASTM)

ASTM A135/A135M (2009) Standard Specification for 
Electric-Resistance-Welded Steel Pipe

ASTM A183 (2003; R 2009) Standard Specification for 
Carbon Steel Track Bolts and Nuts

ASTM A449 (2010) Standard Specification for Hex Cap 
Screws, Bolts, and Studs, Steel, Heat 
Treated, 120/105/90 ksi Minimum Tensile 
Strength, General Use

ASTM A47/A47M (1999; R 2009) Standard Specification for 
Ferritic Malleable Iron Castings

ASTM A53/A53M (2012) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A536 (1984; R 2009) Standard Specification for 
Ductile Iron Castings

ASTM A795/A795M (2013) Standard Specification for Black 
and Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Fire 
Protection Use

ASTM F436 (2011) Hardened Steel Washers

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-71 (2011; Errata 2013) Gray Iron Swing Check 
Valves, Flanged and Threaded Ends

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2012; Amendment 1 2012) Life Safety Code

NFPA 13 (2013) Standard for the Installation of 
Sprinkler Systems

NFPA 1963 (2014) Standard for Fire Hose Connections

NFPA 24 (2013) Standard for the Installation of 
Private Fire Service Mains and Their 
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Appurtenances

NATIONAL INSTITUTE FOR CERTIFICATION IN ENGINEERING  TECHNOLOGIES 
(NICET)

NICET 1014-7 (2010) Program Detail Manual for 
Certification in the Field of Fire 
Protection Engineering Technology (Field 
Code 003) Subfield of Automatic Sprinkler 
System Layout

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-310-04 (2012) Seismic Design for Buildings

UNDERWRITERS LABORATORIES (UL)

UL Bld Mat Dir (2012) Building Materials Directory

UL Fire Prot Dir (2012) Fire Protection Equipment Directory

1.2   SYSTEM DESCRIPTION

Furnish piping offsets, fittings, and any other acc essories as required to 
provide a complete installation and to eliminate in terference with other 
construction.  Install sprinkler system over and un der ducts, piping and 
platforms when such equipment can negatively effect  or disrupt the 
sprinkler discharge pattern and coverage.  Provide wet pipe sprinkler 
system in all areas of the building .  Except as mo dified herein, the 
system shall be designed and installed in accordanc e with NFPA 13 and UFC 
3-600-01 .  Pipe sizes which are not indicated on drawings shal l be 
determined by hydraulic calculation.  Design any po rtions of the sprinkler 
system that are not indicated on the drawings inclu ding locating 
sprinklers, piping and equipment, and size piping a nd equipment when this 
information is not indicated on the drawings or is not specified herein.  
The design of the sprinkler system shall be based o n hydraulic 
calculations, and the other provisions specified he rein.

1.2.1   Hydraulic Design

Hydraulically design the system to discharge a mini mum density as shown on 
the drawings .  The minimum pipe size for branch lines in gridde d systems 
shall be  1-1/4 inch .  Hydraulic calculations shall be in accordance wi th 
the Area/Density Method of NFPA 13 .  Water velocity in the piping shall not 
exceed  20 ft/s .

1.2.1.1   Hose Demand

Add an allowance for exterior hose streams of 250  gpm  for Light Hazard and 
Ordinary Hazard areas to the sprinkler system demand at the fire hydrant 
shown on the drawings closest to the point where th e water service enters 
the building.

1.2.1.2   Basis for Calculations

The design of the system shall be based upon a wate r supply test provided 
by the installing contractor within 6 moonths of sh op drawing submittal.  
An intial test was conducted by the engineer-of-rec ord with the following 
results: static pressure of 70 psi , and a flow of 1625 gpm  at a residual 
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pressure of 45 psi .  Water supply shall be presumed available at the point 
of connection to existing water main in Balmer Ave. .  Hydraulic 
calculations shall be based upon the Hazen-Williams  formula with a "C" 
value of 120 for steel piping, 150 for copper tubin g, 140 for new 
cement-lined ductile-iron piping, and 100 for exist ing underground piping.  
A 10% pressure cushion shall be provided in the cal culations to account for 
fututre degradation of the water supply over time.

1.2.1.3   Hydraulic Calculations

Submit hydraulic calculations, including a drawing showing hydraulic 
reference points and pipe segments and as outlined in NFPA 13 , except that 
calculations shall be performed by computer using s oftware intended 
specifically for fire protection system design usin g the design data shown 
on the drawings.  Software that uses k-factors for typical branch lines is 
not acceptable.  Calculations shall be based on the  water supply data shown 
on the drawings to substantiate that the design are a used in the 
calculations is the most demanding hydraulically.  Water supply curves and 
system requirements shall be plotted on semi-logari thmic graph paper so as 
to present a summary of the complete hydraulic calc ulation.  Provide a 
summary sheet listing sprinklers in the design area  and their respective 
hydraulic reference points, elevations, actual disc harge pressures and 
actual flows.  Elevations of hydraulic reference po ints (nodes) shall be 
indicated.  Documentation shall identify each pipe individually and the 
nodes connected thereto.  Indicate the diameter, le ngth, flow, velocity, 
friction loss, number and type fittings, total fric tion loss in the pipe, 
equivalent pipe length and Hazen-Williams coefficie nt for each pipe.  For 
gridded systems, calculations shall show peaking of  demand area friction 
loss to verify that the hydraulically most demandin g area is being used.  
Also for gridded systems, a flow diagram indicating  the quantity and 
direction of flows shall be included.  A drawing sh owing hydraulic 
reference points (nodes) and pipe designations used  in the calculations 
shall be included and shall be independent of shop drawings.

1.2.2   Sprinkler Coverage

Sprinklers shall be uniformly spaced on branch line s.  In buildings 
protected by automatic sprinklers, sprinklers shall  provide coverage 
throughout 100 percent of the building.  This inclu des, but is not limited 
to, telephone rooms, electrical equipment rooms, bo iler rooms, switchgear 
rooms, transformer rooms, and other electrical and mechanical spaces.  
Coverage per sprinkler shall be in accordance with NFPA 13 , but shall not 
exceed  100 square feet  for extra hazard occupancies,  130 square feet  for 
ordinary hazard occupancies, and  225 square feet  for light hazard 
occupancies.  Exceptions are as follows:

a.  Facilities that are designed in accordance with  NFPA 13R and NFPA 13D.

b.  Sprinklers may be omitted from small rooms whic h are exempted for 
specific occupancies in accordance with NFPA 101 .

1.3   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
submittals not having a "G" designation are for Con tractor Quality Control 
approval. Submit the following in accordance with S ection 01 33 00  
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
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Shop Drawings ; G
As-Built Drawings

SD-03 Product Data

Fire Protection Related Submittals
Materials and Equipment ; G
Spare Parts
Preliminary Tests ; G
Final Acceptance Test ; G
Onsite Training ; G
Fire Protection Specialist ; G
Sprinkler System Installer ; G

SD-05 Design Data

Sway Bracing ; G
Hydraulic Calculations ; G

SD-06 Test Reports

Preliminary Test Report
Final Acceptance Test Report

SD-07 Certificates

Inspection by Fire Protection Specialist

SD-10 Operation and Maintenance Data

Operating and Maintenance Manuals ; G

   Design documentation shall also be submitted to the following for review:

   US Army Corps of Engineers 
   Sacramento District 
   Attn: TBD
   1325 J Street 
   Sacramento, CA 95814-2922 

1.4   QUALITY ASSURANCE

Compliance with referenced NFPA standards is mandat ory.  This includes 
advisory provisions listed in the appendices of suc h standards, as though 
the word "shall" had been substituted for the word "should" wherever it 
appears.  In the event of a conflict between specif ic provisions of this 
specification and applicable NFPA standards, this s pecification shall 
govern.  Reference to "authority having jurisdictio n" shall be interpreted 
to mean the Contracting Officer.

1.4.1   Fire Protection Specialist

Perform work specified in this section under the su pervision of and 
certified by the Fire Protection Specialist who is an individual registered 
professional engineer who has passed the fire prote ction engineering 
written examination administered by the National Co uncil of Examiners for 
Engineering and Surveys (NCEES) or who is certified  as a Level III 
Technician by National Institute for Certification in Engineering 
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Technologies (NICET) in the Automatic Sprinkler Sys tem Layout subfield of 
Fire Protection Engineering Technology in accordanc e with NICET 1014-7 .  
Submit the name and documentation of certification of the proposed Fire 
Protection Specialists, no later than 14 days  afte r the Notice to Proceed 
and prior to the submittal of the sprinkler system drawings and hydraulic 
calculations.  The Fire Protection Specialist shall  prepare and submit a 
list of the fire protection related submittals , no later than 7 days after 
the approval of the Fire Protection Specialist, fro m the Contract Submittal 
Register that relate to the successful installation  of the sprinkler 
systems(s).  The submittals identified on this list  shall be accompanied by 
a letter of approval signed and dated by the Fire P rotection Specialist 
when submitted to the Government.  The Fire Protect ion Specialist shall be 
regularly engaged in the design and installation of  the type and complexity 
of system specified in the contract documents, and shall have served in a 
similar capacity for at least three systems that ha ve performed in the 
manner intended for a period of not less than 6 mon ths.

1.4.2   Sprinkler System Installer

Work specified in this section shall be performed b y the Sprinkler System 
Installer who is regularly engaged in the installat ion of the type and 
complexity of system specified in the contract docu ments, and who has 
served in a similar capacity for at least three sys tems that have performed 
in the manner intended for a period of not less tha n 6 months.  Submit the 
name and documentation of certification of the prop osed Sprinkler System 
Installer, concurrent with submittal of the Fire Pr otection Specialist 
Qualifications.

1.4.3   Shop Drawings

Shop Drawings shall conform to the requirements est ablished for working 
plans as prescribed in NFPA 13 .  Submit 3 copies of the Sprinkler System 
shop drawings, no later than 21 days prior to the s tart of sprinkler system 
installation.  Drawings shall include plan and elev ation views 
demonstrating that the equipment will fit the allot ted spaces with 
clearance for installation and maintenance.  Each s et of drawings shall 
include the following:

a.  Descriptive index of drawings in the submittal with drawings listed in 
sequence by drawing number.  A legend identifying d evice symbols, 
nomenclature, and conventions used.

b.  Floor plans drawn to a scale not less than  1/8" = 1'-0"  which clearly 
show locations of sprinklers, risers, pipe hangers,  seismic separation 
assemblies, sway bracing, inspector's test connecti ons, drains, and 
other applicable details necessary to clearly descr ibe the proposed 
arrangement.  Each type of fitting used and the loc ations of bushings, 
reducing couplings, and welded joints shall be indi cated.

c.  Actual center-to-center dimensions between spri nklers on branch lines 
and between branch lines; from end sprinklers to ad jacent walls; from 
walls to branch lines; from sprinkler feed mains, c ross-mains and 
branch lines to finished floor and roof or ceiling.   A detail shall 
show the dimension from the sprinkler and sprinkler  deflector to the 
ceiling in finished areas.

d.  Longitudinal and transverse building sections s howing typical branch 
line and cross-main pipe routing as well as elevati on of each typical 
sprinkler above finished floor.
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e.  Details of each type of riser assembly; pipe ha nger; sway bracing  for 
earthquake protection, and restraint of underground  water main at 
point-of-entry into the building, and electrical de vices and 
interconnecting wiring.  Submit load calculations f or sizing of sway 
bracing, for systems that are required to be protec ted against damage 
from earthquakes.

1.5   DELIVERY, STORAGE, AND HANDLING

All equipment delivered and placed in storage shall  be housed in a manner 
to preclude any damage from the weather, humidity a nd temperature 
variations, dirt and dust, or other contaminants.  Additionally, all pipes 
shall either be capped or plugged until installed.

1.6   EXTRA MATERIALS

Submit spare parts  data for each different item of material and equip ment 
specified.  The data shall include a complete list of parts and supplies, 
with current unit prices and source of supply, and a list of parts 
recommended by the manufacturer to be replaced afte r 1 year and 3 years of 
service.  Include a list of special tools and test equipment required for 
maintenance and testing of the products supplied.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide materials and equipment which are standard products of a 
manufacturer regularly engaged in the manufacture o f such products and that 
essentially duplicate items that have been in satis factory use for at least 
2 years prior to bid opening.

2.2   NAMEPLATES

All equipment shall have a nameplate that identifie s the manufacturer's 
name, address, type or style, model or serial numbe r, and catalog number.

2.3   REQUIREMENTS FOR FIRE PROTECTION SERVICE

Provide Materials and Equipment  that have been tested by Underwriters 
Laboratories, Inc. and are listed in UL Fire Prot Dir  or approved by 
Factory Mutual and listed in FM APP GUIDE.  Where the terms "listed" or 
"approved" appear in this specification, such shall  mean listed in 
UL Fire Prot Dir  or FM APP GUIDE.  Submit manufacturer's catalog data 
included with the Sprinkler System Drawings for all  items specified 
herein.  The data shall be highlighted to show mode l, size, options, etc., 
that are intended for consideration.  Data shall be  adequate to demonstrate 
compliance with all contract requirements.  In addi tion, provide a complete 
equipment list that includes equipment description,  model number and 
quantity.

2.4   UNDERGROUND PIPING COMPONENTS

2.4.1   Pipe

Piping from a point  6 inches  above the floor to a point  5 feet  outside the 
building wall shall be ductile iron with a rated wo rking pressure of  175 psi
 conforming to AWWA C151/A21.51 , with cement mortar lining conforming to 
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AWWA C104/A21.4 .  Piping more than  5 feet  outside the building walls shall 
comply with Section 33 11 00  WATER DISTRIBUTION.

2.4.2   Fittings and Gaskets

Fittings shall be ductile iron conforming to AWWA C110/A21.10  with cement 
mortar lining conforming to AWWA C104/A21.4 .  Gaskets shall be suitable in 
design and size for the pipe with which such gasket s are to be used.  
Gaskets for ductile iron pipe joints shall conform to AWWA C111/A21.11 .

2.4.3   Gate Valve and Indicator Posts

Gate valves for underground installation shall be o f the inside screw type 
with counter-clockwise rotation to open.  Where ind icating type valves are 
shown or required, indicating valves shall be gate valves with an approved 
indicator post of a length to permit the top of the  post to be located  3 
feet  above finished grade.  Gate valves and indicator p osts shall be listed 
in UL Fire Prot Dir  or FM APP GUIDE.

2.5   ABOVEGROUND PIPING COMPONENTS

Aboveground piping shall be steel.

2.5.1   Steel Piping Components

2.5.1.1   Steel Pipe

Except as modified herein, steel pipe shall be blac kas permitted by NFPA 13  
and shall conform to applicable provisions of ASTM A795/A795M , ASTM A53/A53M, 
or ASTM A135/A135M .  Pipe in which threads or grooves are cut or roll ed 
formed shall be Schedule 40 or shall be listed by U nderwriters' 
Laboratories to have a corrosion resistance ratio ( CRR) of 1.0 or greater 
after threads or grooves are cut or rolled formed.  Pipe shall be marked 
with the name of the manufacturer, kind of pipe, an d ASTM designation.

2.5.1.2   Fittings for Non-Grooved Steel Pipe

Fittings shall be cast iron conforming to ASME B16.4 , steel conforming to 
ASME B16.9  or ASME B16.11 , or malleable iron conforming to ASME B16.3 .    
Fittings into which sprinklers, drop nipples or ris er nipples (sprigs) are 
screwed shall be threaded type.  Plain-end fittings  with mechanical 
couplings, fittings that use steel gripping devices  to bite into the pipe 
and segmented welded fittings shall not be used.

2.5.1.3   Grooved Mechanical Joints and Fittings

Joints and fittings shall be designed for not less than  175 psi  service and 
shall be the product of the same manufacturer;segme nted welded fittings 
shall not be used.  Fitting and coupling houses sha ll be malleable iron 
conforming to ASTM A47/A47M, Grade 32510; ductile iron conforming to 
ASTM A536, Grade 65-45-12.  Gasket shall be the flush type t hat fills the 
entire cavity between the fitting and the pipe.  Nu ts and bolts shall be 
heat-treated steel conforming to ASTM A183 and shall be cadmium plated or 
zinc electroplated.

2.5.1.4   Flanges

Flanges shall conform to NFPA 13  and ASME B16.1 .  Gaskets shall be 
non-asbestos compressed material in accordance with  ASME B16.21 ,  1/16 inch  
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thick, and full face or self-centering flat ring ty pe.

2.5.1.5   Bolts, Nut, and Washers

Bolts shall be conform to ASTM A449, Type 1 and shall extend no less than 
three full threads beyond the nut with bolts tighte ned to the required 
torque.  Nuts shall be hexagon type conforming to ASME B18.2.2  .  Washers 
shall meet the requirements of  ASTM F436.  Flat circular washers shall be 
provided under all bolt heads and nuts.

2.5.2   Pipe Hangers

Hangers shall be listed in UL Fire Prot Dir  or FM APP GUIDE and of the type 
suitable for the application, construction, and pip e type and sized to be 
supported.

2.5.3   Valves

2.5.3.1   Control Valve and Gate Valve

Manually operated sprinkler control valve and gate valve shall be outside 
stem and yoke (OS&Y) type and shall be listed in UL Bld Mat Dir  or 
FM APP GUIDE.

2.5.3.2   Check Valve

Check valve  2 inches  and larger shall be listed in UL Bld Mat Dir  or 
FM APP GUIDE.  Check valves  4 inches  and larger shall be of the swing type 
with flanged cast iron body and flanged inspection plate, shall have a 
clear waterway and shall meet the requirements of MSS SP-71 , for Type 3 or 
4.

2.6   WATERFLOW ALARM

Electrically operated, exterior-mounted, waterflow alarm bell shall be 
provided and installed in accordance with NFPA 13 .  Waterflow alarm bell 
shall be rated 24 VDC and shall be connected to the  Fire Alarm Control 
Panel(FACP) .  Coordinate with electrical and fire alarm contract ors for 
power and monitoring.

2.7   ALARM INITIATING AND SUPERVISORY DEVICES

2.7.1   Sprinkler Waterflow Indicator Switch, Vane Type

Switch shall be vane type with a pipe saddle and ca st aluminum housing.  
The electro-mechanical device shall include a flexi ble, low-density 
polyethylene paddle conforming to the inside diamet er of the fire 
protection pipe.  The device shall sense water move ments and be capable of 
detecting a sustained flow of  10 gpm  or greater.  The device shall contain 
a retard device adjustable from 0 to 90 seconds to reduce the possibility 
of false alarms caused by transient flow surges.  T he switch shall be 
tamper resistant and contain two SPDT (Form C) cont acts arranged to 
transfer upon removal of the housing cover, and sha ll be equipped with a 
silicone rubber gasket to assure positive water sea l and a dustproof cover 
and gasket to seal the mechanism from dirt and mois ture.

2.7.2   Valve Supervisory (Tamper) Switch

Switch shall be suitable for mounting to the type o f control valve to be 
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supervised open.  The switch shall be tamper resist ant and contain one set 
of SPDT (Form C) contacts arranged to transfer upon  removal of the housing 
cover or closure of the valve of more than two rota tions of the valve stem.

2.8   FIRE DEPARTMENT CONNECTION

Fire department connection shall be projecting type  with cast brass body, 
matching wall escutcheon lettered "Auto Spkr" with a polished brass 
finish.  The connection shall have two inlets with individual self-closing 
clappers, caps with drip drains and chains.  Female  inlets shall have  2-1/2 
inch  diameter American National Fire Hose Connection Sc rew Threads (NH) per 
NFPA 1963  .

2.9   SPRINKLERS

Sprinklers with internal O-rings shall not be used.   Sprinklers shall be 
used in accordance with their listed coverage limit ations.  Temperature 
classification shall be in accordance with NFPA 13 .  Sprinklers in high 
heat areas including attic spaces or in close proxi mity to unit heaters 
shall have temperature classification in accordance  with NFPA 13 .  Extended 
coverage sprinklers shall not be used.

2.9.1   Concealed Sprinkler

Concealed sprinkler shall be white polyester quick- response type and shall 
have a nominal  1/2 inch  or  17/32 inch  orifice.

2.9.2   Recessed Sprinkler

Recessed sprinkler shall be white polyester quick-r esponse type and shall 
have a nominal  1/2 inch  or  17/32 inch  orifice.

2.9.3   Flush Sprinkler

Flush sprinkler shall be white polyester quick-resp onse type and shall have 
a nominal  1/2 inch  or  17/32 inch  orifice.

2.9.4   Pendent Sprinkler

Pendent sprinkler shall be of the fusible strut or glass bulb type, 
quick-response type with nominal  1/2 inch or  17/32 inch  orifice.  Pendent 
sprinklers shall have a white polyester finish.

2.9.5   Upright Sprinkler

Upright sprinkler shall be brass quick-response typ e and shall have a 
nominal  1/2 inch  or  17/32 inch  orifice.

2.9.6   Sidewall Sprinkler

Sidewall sprinkler shall have a nominal  1/2 inch  orifice.  Sidewall 
sprinkler shall have a white polyester finish.  Sid ewall sprinkler shall be 
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the quick-response type. 2.9.6.1   

2.10   ACCESSORIES

2.10.1   Sprinkler Cabinet

Spare sprinklers shall be provided in accordance wi th NFPA 13  and shall be 
packed in a suitable metal or plastic cabinet.  Spa re sprinklers shall be 
representative of, and in proportion to, the number  of each type and 
temperature rating of the sprinklers installed.  At  least one wrench of 
each type required shall be provided.

2.10.2   Pendent Sprinkler Escutcheon

Escutcheon shall be one-piece metallic type with a depth of less than  3/4 
inch  and suitable for installation on pendent sprinkler s.  The escutcheon 
shall have a factory finish that matches the penden t sprinkler heads.

2.10.3   Pipe Escutcheon

Escutcheon shall be polished chromium-plated zinc a lloy, or polished 
chromium-plated copper alloy.  Escutcheons shall be  either one-piece or 
split-pattern, held in place by internal spring ten sion or set screw.

2.10.4   Sprinkler Guard

Guard shall be a steel wire cage designed to encase  the sprinkler and 
protect it from mechanical damage.  Guards shall be  provided on sprinklers 
located 7' AFF or lower as well as in mechanical rooms, ele ctrical rooms, 
communications rooms, and equipment rooms. .

2.10.5   Identification Sign

Valve identification sign shall be minimum  6 inches wide by 2 inches high  
with enamel baked finish on minimum  18 gauge  steel or  0.024 inch  aluminum 
with red letters on a white background or white let ters on red background.  
Wording of sign shall include, but not be limited t o "main drain," 
"auxiliary drain," "inspector's test," "alarm test, " "alarm line," and 
similar wording as required to identify operational  components.

2.11   DOUBLE-CHECK VALVE BACKFLOW PREVENTION ASSEMBLY

Double-check backflow prevention assembly shall com ply with ASSE 1015 .  The 
assembly shall have a bronze, cast-iron or stainles s steel body with 
flanged ends.  The assembly shall include pressure gauge test ports and 
OS&Y shutoff valves on the inlet and outlet, 2-posi tive-seating check valve 
for continuous pressure application, and four test cocks.  Assemblies shall 
be rated for working pressure of  175 psi  The maximum pressure loss shall be  
6 psi  at a flow rate equal to the sprinkler water demand , at the location 
of the assembly.  A test port for a pressure gauge shall be provided both 
upstream and downstream of the double check backflo w prevention assembly 
valves.

PART 3   EXECUTION

3.1   FIELD MEASUREMENTS

After becoming familiar with all details of the wor k, verify all dimensions 
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in the field, and advise the Contracting Officer of  any discrepancy before 
performing the work.

3.2   INSTALLATION REQUIREMENTS

The installation shall be in accordance with the ap plicable provisions of 
NFPA 13  and publications referenced therein.  Installation  of in-rack 
sprinklers shall comply with applicable provisions of NFPA 13 .

3.3   INSPECTION BY FIRE PROTECTION SPECIALIST

Prior to ceiling installation and concurrent with t he Final Acceptance Test 
Report, certification by the Fire Protection Specia list that the sprinkler 
system is installed in accordance with the contract  requirements, including 
signed approval of the Preliminary and Final Accept ance Test Reports.  The 
Fire Protection Specialist shall: 1) inspect the sp rinkler system 
periodically during the installation to assure that  the sprinkler system is 
being provided and installed in accordance with the  contract requirements, 
2) witness the preliminary and final tests, and sig n the test results, 3) 
after completion of the system inspections and a su ccessful final test, 
certify in writing that the system has been install ed in accordance with 
the contract requirements.  Any discrepancy shall b e brought to the 
attention of the Contracting Officer in writing, no  later than three 
working days after the discrepancy is discovered.

3.4   ABOVEGROUND PIPING INSTALLATION

3.4.1   Protection of Piping Against Earthquake Damage

Seismically protect the system piping against damag e from earthquakes.  
This requirement is not subject to determination un der NFPA 13 .  Install 
the seismic protection of the system piping in acco rdance with UFC 3-310-04 , 
NFPA 13  and Annex A.  Include the required features identi fied therein that 
are applicable to the specific piping system.

3.4.2   Piping in Exposed Areas

Install exposed piping without diminishing exit acc ess widths, corridors or 
equipment access.  Exposed horizontal piping, inclu ding drain piping, shall 
be installed to provide maximum headroom.

3.4.3   Piping in Finished Areas

In areas with suspended or dropped ceilings and in areas with concealed 
spaces above the ceiling, piping shall be concealed  above ceilings.  Piping 
shall be inspected, tested and approved before bein g concealed.  Risers and 
similar vertical runs of piping in finished areas s hall be concealed.

3.4.4   Pendent Sprinklers

Drop nipples to pendent sprinklers shall consist of  minimum  1 inch  pipe 
with a reducing coupling into which the sprinkler s hall be threaded.  
Hangers shall be provided on arm-overs to drop nipp les supplying pendent 
sprinklers when the arm-over exceeds  12 inches  for steel pipe or 6 inches  
for copper tubing.  Where sprinklers are installed below suspended or 
dropped ceilings, drop nipples shall be cut such th at sprinkler ceiling 
plates or escutcheons are of a uniform depth throug hout the finished 
space.  The outlet of the reducing coupling shall n ot extend more than  1 
inch  below the underside of the ceiling.  On pendent sp rinklers installed 
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below suspended or dropped ceilings, the distance f rom the sprinkler 
deflector to the underside of the ceiling shall not  exceed  4 inches .  
Recessed pendent sprinklers shall be installed such  that the distance from 
the sprinkler deflector to the underside of the cei ling shall not exceed 
the manufacturer's listed range and shall be of uni form depth throughout 
the finished area.  Pendent sprinklers in suspended  ceilings shall be a 
minimum of  6 inches  from ceiling grid.

3.4.5   Upright Sprinklers

Riser nipples or "sprigs" to upright sprinklers sha ll contain no fittings 
between the branch line tee and the reducing coupli ng at the sprinkler.  
Riser nipples exceeding  30 inches  in length shall be individually supported.

3.4.6   Pipe Joints

Pipe joints shall conform to NFPA 13 , except as modified herein.  Not more 
than four threads shall show after joint is made up .  Welded joints will be 
permitted, only if welding operations are performed  as required by NFPA 13  
at the Contractor's fabrication shop, not at the pr oject construction 
site.  Flanged joints shall be provided where indic ated or required by 
NFPA 13 .  Grooved pipe and fittings shall be prepared in a ccordance with 
the manufacturer's latest published specification a ccording to pipe 
material, wall thickness and size.  Grooved couplin gs, fittings and 
grooving tools shall be products of the same manufa cturer.  For copper 
tubing, pipe and groove dimensions shall comply wit h the tolerances 
specified by the coupling manufacturer.  The diamet er of grooves made in 
the field shall be measured using a "go/no-go" gaug e, vernier or dial 
caliper, narrow-land micrometer, or other method sp ecifically approved by 
the coupling manufacturer for the intended applicat ion.  Groove width and 
dimension of groove from end of pipe shall be measu red and recorded for 
each change in grooving tool setup to verify compli ance with coupling 
manufacturer's tolerances.  Grooved joints shall no t be used in concealed 
locations, such as behind solid walls or ceilings, unless an access panel 
is shown on the drawings for servicing or adjusting  the joint.

3.4.7   Reducers

Reductions in pipe sizes shall be made with one-pie ce tapered reducing 
fittings.  The use of grooved-end or rubber-gaskete d reducing couplings 
will not be permitted.  When standard fittings of t he required size are not 
manufactured, single bushings of the face type will  be permitted.  Where 
used, face bushings shall be installed with the out er face flush with the 
face of the fitting opening being reduced.  Bushing s shall not be used in 
elbow fittings, in more than one outlet of a tee, i n more than two outlets 
of a cross, or where the reduction in size is less than  1/2 inch .

3.4.8   Pipe Penetrations

Cutting structural members for passage of pipes or for pipe-hanger 
fastenings will not be permitted.  Pipes that must penetrate concrete or 
masonry walls or concrete floors shall be core-dril led and provided with 
pipe sleeves.  Each sleeve shall be Schedule 40 gal vanized steel, ductile 
iron or cast iron pipe and shall extend through its  respective wall or 
floor and be cut flush with each wall surface.  Sle eves shall provide 
required clearance between the pipe and the sleeve per NFPA 13 .  The space 
between the sleeve and the pipe shall be firmly pac ked with mineral wool 
insulation.  Where pipes penetrate fire walls, fire  partitions, or floors, 
pipes shall be fire stopped in accordance with Sect ion 07 84 00  
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FIRESTOPPING.  In penetrations that are not fire-ra ted or not a floor 
penetration, the space between the sleeve and the p ipe shall be sealed at 
both ends with plastic waterproof cement that will dry to a firm but 
pliable mass or with a mechanically adjustable segm ented elastomer seal.

3.4.9   Escutcheons

Escutcheons shall be provided for pipe penetration of ceilings and walls.  
Escutcheons shall be securely fastened to the pipe at surfaces through 
which piping passes.

3.4.10   Inspector's Test Connection

Unless otherwise indicated, test connection shall c onsist of  1 inch  pipe 
connected at the riser as a combination test and dr ain valve; a test valve 
located approximately  7 feet  above the floor; a smooth bore brass outlet 
equivalent to the smallest orifice sprinkler used i n the system; and a 
painted metal identification sign affixed to the va lve with the words 
"Inspector's Test."  The discharge orifice shall be  located outside the 
building wall directed so as not to cause damage to  adjacent construction 
or landscaping during full flow discharge.

3.4.11   Drains

Main drain piping shall be provided to discharge at  a safe point outside 
the building.  Auxiliary drains shall be provided a s required by NFPA 13 .

3.4.12   Installation of Fire Department Connection

Connection shall be mounted on the exterior wall ap proximately  3 feet  above 
finished gradeadjacent to and on the sprinkler syst em side of the backflow 
preventer.  The piping between the connection and t he check valve shall be 
provided with an automatic drip in accordance with NFPA 13  and arranged to 
drain to the outside.

3.4.13   Identification Signs

Signs shall be affixed to each control valve, inspe ctor test valve, main 
drain, auxiliary drain, test valve, and similar val ves as appropriate or as 
required by NFPA 13 .  Hydraulic design data nameplates shall be perman ently 
affixed to each sprinkler riser as specified in NFPA 13 .

3.5   UNDERGROUND PIPING INSTALLATION

The fire protection water main shall be laid, and j oints anchored, in 
accordance with NFPA 24 .  Minimum depth of cover shall be  5 feet .  The 
supply line shall terminate inside the building wit h a flanged piece, the 
bottom of which shall be set not less than  6 inches  above the finished 
floor.  A blind flange shall be installed temporari ly on top of the flanged 
piece to prevent the entrance of foreign matter int o the supply line.  A 
concrete thrust block shall be provided at the elbo w where the pipe turns 
up toward the floor.  In addition, joints shall be anchored in accordance 
with NFPA 24  using pipe clamps and steel rods from the elbow to  the flange 
above the floor and from the elbow to a pipe clamp in the horizontal run of 
pipe.  Buried steel components shall be provided wi th a corrosion 
protective coating in accordance with AWWA C203.  Piping more than  5 feet  
outside the building walls shall meet the requireme nts of Section 33 11 00  
WATER DISTRIBUTION.
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3.6   ELECTRICAL WORK

Except as modified herein, electric equipment and w iring shall be in 
accordance with Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Alarm 
signal wiring connected to the building fire alarm control system shall be 
in accordance with the fire alarm specifications . Wiring color code shall 
remain uniform throughout the system.

3.7   PIPE COLOR CODE MARKING

Color code mark piping as specified in Section 09 90 00  PAINTS AND COATINGS.

3.8   PRELIMINARY TESTS

The system, including the aboveground piping and sy stem components, shall 
be tested to assure that equipment and components f unction as intended.  
Submit proposed procedures for Preliminary Tests, n o later than 14 days 
prior to the proposed start of the tests and propos ed date and time to 
begin the preliminary tests.  The underground and a boveground interior 
piping systems and attached appurtenances subjected  to system working 
pressure shall be tested in accordance with NFPA 13 .  Upon completion of 
specified tests, submit 3 copies of the completed Preliminary Test Report , 
no later than 7 days after the completion of the Te sts.  The Report shall 
include the Contractor's Material and Test Certific ate for Aboveground 
Piping.  All items in the Preliminary Tests Report shall be signed by the 
Fire Protection Specialist.

3.8.1   Underground Piping

3.8.1.1   Flushing

Underground piping shall be flushed in accordance w ith NFPA 24 .  This 
includes the requirement to flush the lead-in conne ction to the fire 
protection system at a flow rate not less that the calculated maximum water 
demand rate of the system.

3.8.1.2   Hydrostatic Testing

New underground piping shall be hydrostatically tes ted in accordance with 
NFPA 24 .  The allowable leakage shall be measured at the s pecified test 
pressure by pumping from a calibrated container.  T he amount of leakage at 
the joints shall not exceed  2 quarts  per hour per 100 gaskets or joints, 
regardless of pipe diameter.

3.8.2   Aboveground Piping

3.8.2.1   Hydrostatic Testing

Aboveground piping shall be hydrostatically tested in accordance with 
NFPA 13  at not less than  200 psi  or  50 psi  in excess of maximum system 
operating pressure and shall maintain that pressure  without loss for 2 
hours.  There shall be no drop in gauge pressure or  visible leakage when 
the system is subjected to the hydrostatic test.  T he test pressure shall 
be read from a gauge located at the low elevation p oint of the system or 
portion being tested.

3.8.2.2   Backflow Prevention Assembly Forward Flow Test

Each backflow prevention assembly shall be tested a t system flow demand, 
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including all applicable hose streams, as specified  in NFPA 13 .  Provide 
all equipment and instruments necessary to conduct a complete forward flow 
test, including  2.5 inch  diameter hoses, playpipe nozzles, calibrated 
pressure gauges, pitot tube gauge, plus all necessa ry supports to safely 
secure hoses and nozzles during the test.  At the s ystem demand flow, the 
pressure readings and pressure drop (friction) acro ss the assembly shall be 
recorded.  Provide a metal placard on the backflow prevention assembly that 
lists the pressure readings both upstream and downs tream of the assembly, 
total pressure drop, and the system test flow rate.   The pressure drop 
shall be compared to the manufacturer's data.

3.8.3   Testing of Alarm Devices

Each alarm switch shall be tested by flowing water through the inspector's 
test connection.  Each water-operated alarm devices  shall be tested to 
verify proper operation.

3.8.4   Main Drain Flow Test

Following flushing of the underground piping, a mai n drain test shall be 
made to verify the adequacy of the water supply.  S tatic and residual 
pressures shall be recorded on the certificate spec ified in paragraph 
SUBMITTALS.  In addition, a main drain test shall b e conducted each time 
after a main control valve is shut and opened.

3.9   FINAL ACCEPTANCE TEST

Begin the Final Acceptance Test only when the Preli minary Test Report has 
been approved.  Submit proposed procedures for Fina l Acceptance Test, no 
later than 14 days prior to the proposed start of t he tests, and proposed 
date and time to begin the Test, submitted with the  procedures.  
Notification shall be provided at least 14 days pri or to the proposed start 
of the test.  Notification shall include a copy of the Contractor's 
Material & Test Certificates.  The Fire Protection Specialist shall conduct 
the Final Acceptance Test and shall provide a compl ete demonstration of the 
operation of the system.  This shall include operat ion of control valves 
and flowing of inspector's test connections to veri fy operation of 
associated waterflow alarm switches.  After operati on of control valves has 
been completed, the main drain test shall be repeat ed to assure that 
control valves are in the open position.  Submit as -built shop drawings, at 
least 14 days after completion of the Final Tests, updated to reflect 
as-built conditions after all related work is compl eted.  Drawings shall be 
on reproducible full-size mylar film.  In addition,  the representative 
shall have available copies of as-built drawings  and certificates of tests 
previously conducted.  The installation shall not b e considered accepted 
until identified discrepancies have been corrected and test documentation 
is properly completed and received.  Submit 3 copie s of the completed Final 
Acceptance Test Report  no later than 7 days after the completion of the 
Final Acceptance Tests.  All items in the Final Acc eptance Report shall be 
signed by the Fire Protection Specialist.as specifi ed.

3.10   ONSITE TRAINING

The Fire Protection Specialist shall conduct a trai ning course for 
operating and maintenance personnel as designated b y the Contracting 
Officer.  Submit proposed schedule, at least 14  da ys prior to the start of 
related training.  Training shall be provided for a  period of 4 hours of 
normal working time and shall start after the syste m is functionally 
complete and after the Final Acceptance Test.  Subm it 6 Operating and 
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Maintenance Manuals  listing step-by-step procedures required for syste m 
startup, operation, shutdown, and routine maintenan ce, at least 14 days  
prior to field training.  The manuals shall include  the manufacturer's 
name, model number, parts list, list of parts and t ools that should be kept 
in stock by the owner for routine maintenance inclu ding the name of a local 
supplier, simplified wiring and controls diagrams, troubleshooting guide, 
and recommended service organization (including add ress and telephone 
number) for each item of equipment.  Each service o rganization submitted 
shall be capable of providing 4 hour on-site respon se to a service call on 
an emergency basis.  The Onsite Training shall cove r all of the items 
contained in the approved manuals.

        -- End of Section --

SECTION 21 13 13.00 10  Page 17



Hill Air Force Base, UT, Building 591 HILL591

SECTION 22 00 00

PLUMBING, GENERAL PURPOSE
11/15

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 1010 (2002) Self-Contained, Mechanically 
Refrigerated Drinking-Water Coolers

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z21.10.3/CSA 4.3 (2017) Gas-Fired Water Heaters Vol.III, 
Storage Water Heaters With Input Ratings 
Above 75,000 Btu Per Hour, Circulating and 
Instantaneous

ANSI Z21.22/CSA 4.4 (2015) Relief Valves for Hot Water Supply 
Systems

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

ASHRAE 146 (2011) Method of Testing and Rating Pool 
Heaters

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1001 (2016) Performance Requirements for 
Atmospheric Type Vacuum Breakers

ASSE 1010 (2004) Performance Requirements for Water 
Hammer Arresters (ANSI approved 2004)

ASSE 1011 (2004; Errata 2004) Performance 
Requirements for Hose Connection Vacuum 
Breakers (ANSI approved 2004)

ASSE 1012 (2009) Performance Requirements for 
Backflow Preventer with an Intermediate 
Atmospheric Vent - (ANSI approved 2009)

ASSE 1013 (2011) Performance Requirements for 
Reduced Pressure Principle Backflow 
Preventers and Reduced Pressure Fire 
Protection Principle Backflow Preventers - 
(ANSI approved 2010)

SECTION 22 00 00  Page 1



Hill Air Force Base, UT, Building 591 HILL591

ASSE 1018 (2001) Performance Requirements for Trap 
Seal Primer Valves - Potable Water 
Supplied (ANSI Approved 2002

ASSE 1019 (2011; R 2016) Performance Requirements 
for Wall Hydrant with Backflow Protection 
and Freeze Resistance

ASSE 1020 (2004; Errata 2004; Errata 2004) 
Performance Requirements for Pressure 
Vacuum Breaker Assembly (ANSI Approved 
2004)

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA 10084 (2017) Standard Methods for the 
Examination of Water and Wastewater

AWWA B300 (2010; Addenda 2011) Hypochlorites

AWWA B301 (2010) Liquid Chlorine

AWWA C203 (2008) Coal-Tar Protective Coatings and 
Linings for Steel Water Pipelines - Enamel 
and Tape - Hot-Applied

AWWA C606 (2015) Grooved and Shouldered Joints

AWWA C651 (2014) Standard for Disinfecting Water 
Mains

AWWA C652 (2011) Disinfection of Water-Storage 
Facilities

AWWA D100 (2011) Welded Steel Tanks for Water Storage

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2011; Amendment 2012) Specification for 
Filler Metals for Brazing and Braze Welding

AWS B2.2/B2.2M (2016) Specification for Brazing Procedure 
and Performance Qualification

ASME INTERNATIONAL (ASME)

ASME A112.1.2 (2012; R 2017) Air Gaps in Plumbing 
Systems (For Plumbing Fixtures and 
Water-Connected Receptors)

ASME A112.6.1M (1997; R 2017) Floor Affixed Supports for 
Off-the-Floor Plumbing Fixtures for Public 
Use

ASME A112.6.3 (20162019) Standard for Floor and Trench 
Drains

ASME A112.14.1 (2003; R 2017) Backwater Valves
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ASME A112.19.2/CSA B45.1 (2018; ERTA 2018) Standard for Vitreous 
China Plumbing Fixtures and Hydraulic 
Requirements for Water Closets and Urinals

ASME A112.19.3/CSA B45.4 (2017; Errata 2017) Stainless Steel 
Plumbing Fixtures

ASME A112.19.5 (2017) Flush Valves and Spuds for Water 
Closets, Urinals, and Tanks

ASME A112.36.2M (1991; R 2017) Cleanouts

ASME B1.20.1 (2013) Pipe Threads, General Purpose (Inch)

ASME B16.3 (2016) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.4 (2011) Standard for Gray Iron Threaded 
Fittings; Classes 125 and 250

ASME B16.5 (2017) Pipe Flanges and Flanged Fittings 
NPS 1/2 Through NPS 24 Metric/Inch Standard

ASME B16.12 (2009; R 2014) Cast Iron Threaded Drainage 
Fittings

ASME B16.15 (2013) Cast Copper Alloy Threaded Fittings 
Classes 125 and 250

ASME B16.18 (2018) Cast Copper Alloy Solder Joint 
Pressure Fittings

ASME B16.21 (2016) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.22 (2013) Standard for Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B16.23 (2011) Cast Copper Alloy Solder Joint 
Drainage Fittings - DWV

ASME B16.24 (2011) Cast Copper Alloy Pipe Flanges and 
Flanged Fittings: Classes 150, 300, 600, 
900, 1500, and 2500

ASME B16.29 (2017) Wrought Copper and Wrought Copper 
Alloy Solder-Joint Drainage Fittings - DWV

ASME B16.34 (2017) Valves - Flanged, Threaded and 
Welding End

ASME B16.50 (2013) Wrought Copper and Copper Alloy 
Braze-Joint Pressure Fittings

ASME B16.51 (2013) Copper and Copper Alloy 
Press-Connect Pressure Fittings

ASME B31.1 (2016; Errata 2016) Power Piping
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ASME B31.5 (2016) Refrigeration Piping and Heat 
Transfer Components

ASME B40.100 (2013) Pressure Gauges and Gauge 
Attachments

ASME BPVC SEC IV (2017) BPVC Section IV-Rules for 
Construction of Heating Boilers

ASME BPVC SEC IX (2017; Errata 2018) BPVC Section 
IX-Welding, Brazing and Fusing 
Qualifications

ASME CSD-1 (2016) Control and Safety Devices for 
Automatically Fired Boilers

ASTM INTERNATIONAL (ASTM)

ASTM A47/A47M (1999; R 2018; E 2018) Standard 
Specification for Ferritic Malleable Iron 
Castings

ASTM A53/A53M (2018) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A74 (2017) Standard Specification for Cast 
Iron Soil Pipe and Fittings

ASTM A105/A105M (2014) Standard Specification for Carbon 
Steel Forgings for Piping Applications

ASTM A183 (2014) Standard Specification for Carbon 
Steel Track Bolts and Nuts

ASTM A193/A193M (2017) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service and 
Other Special Purpose Applications

ASTM A515/A515M (2017) Standard Specification for Pressure 
Vessel Plates, Carbon Steel, for 
Intermediate- and Higher-Temperature 
Service

ASTM A516/A516M (2017) Standard Specification for Pressure 
Vessel Plates, Carbon Steel, for Moderate- 
and Lower-Temperature Service

ASTM A518/A518M (1999; R 2018) Standard Specification for 
Corrosion-Resistant High-Silicon Iron 
Castings

ASTM A536 (1984; R 2014) Standard Specification for 
Ductile Iron Castings

ASTM A888 (2018) Standard Specification for Hubless 
Cast Iron Soil Pipe and Fittings for 
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Sanitary and Storm Drain, Waste, and Vent 
Piping Applications

ASTM B32 (2008; R 2014) Standard Specification for 
Solder Metal

ASTM B42 (2015a) Standard Specification for 
Seamless Copper Pipe, Standard Sizes

ASTM B43 (2014) Standard Specification for Seamless 
Red Brass Pipe, Standard Sizes

ASTM B75/B75M (2011) Standard Specification for Seamless 
Copper Tube

ASTM B88 (2016) Standard Specification for Seamless 
Copper Water Tube

ASTM B117 (2016) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM B152/B152M (2013) Standard Specification for Copper 
Sheet, Strip, Plate, and Rolled Bar

ASTM B306 (2013) Standard Specification for Copper 
Drainage Tube (DWV)

ASTM B370 (2012) Standard Specification for Copper 
Sheet and Strip for Building Construction

ASTM B584 (2014) Standard Specification for Copper 
Alloy Sand Castings for General 
Applications

ASTM B813 (2016) Standard Specification for Liquid 
and Paste Fluxes for Soldering of Copper 
and Copper Alloy Tube

ASTM C564 (2014) Standard Specification for Rubber 
Gaskets for Cast Iron Soil Pipe and 
Fittings

ASTM C920 (2018) Standard Specification for 
Elastomeric Joint Sealants

ASTM C1053 (2000; R 2010) Standard Specification for 
Borosilicate Glass Pipe and Fittings for 
Drain, Waste, and Vent (DWV) Applications

ASTM D2000 (2012; R 2017) Standard Classification 
System for Rubber Products in Automotive 
Applications

ASTM D2235 (2004; R 2016) Standard Specification for 
Solvent Cement for 
Acrylonitrile-Butadiene-Styrene (ABS) 
Plastic Pipe and Fittings

ASTM D2564 (2012) Standard Specification for Solvent 
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Cements for Poly(Vinyl Chloride) (PVC) 
Plastic Piping Systems

ASTM D2661 (2014; E 2018) Standard Specification for 
Acrylonitrile-Butadiene-Styrene (ABS) 
Schedule 40, Plastic Drain, Waste, and 
Vent Pipe and Fittings

ASTM D2665 (2014) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Drain, 
Waste, and Vent Pipe and Fittings

ASTM D2822/D2822M (2005; R 2011; E 2011) Standard 
Specification for Asphalt Roof Cement, 
Asbestos-Containing

ASTM D2855 (2015) Standard Practice for Making 
Solvent-Cemented Joints with Poly(Vinyl 
Chloride) (PVC) Pipe and Fittings

ASTM D2996 (2017) Standard Specification for 
Filament-Wound "Fiberglass" 
(Glass-Fiber-Reinforced 
Thermosetting-Resin) Pipe

ASTM D3122 (1995; R 2009) Solvent Cements for 
Styrene-Rubber (SR) Plastic Pipe and 
Fittings

ASTM D3138 (2004; R 2016) Standard Specification for 
Solvent Cements for Transition Joints 
Between Acrylonitrile-Butadiene-Styrene 
(ABS) and Poly(Vinyl Chloride) (PVC) 
Non-Pressure Piping Components

ASTM D3139 (1998; R 2011) Joints for Plastic Pressure 
Pipes Using Flexible Elastomeric Seals

ASTM D3212 (2007; R 2013) Standard Specification for 
Joints for Drain and Sewer Plastic Pipes 
Using Flexible Elastomeric Seals

ASTM D3311 (2017) Standard Specification for Drain, 
Waste, and Vent (DWV) Plastic Fittings 
Patterns

ASTM D4101 (2017) Standard Classification System and 
Basis for Specification for Polypropylene 
Injection and Extrusion Materials

ASTM E1 (2014) Standard Specification for ASTM 
Liquid-in-Glass Thermometers

ASTM F477 (2014) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
Plastic Pipe

ASTM F493 (2014) Solvent Cements for Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
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and Fittings

ASTM F628 (2012; E 2013; E 2016; E 2018) Standard 
Specification for 
Acrylonitrile-Butadiene-Styrene (ABS) 
Schedule 40 Plastic Drain, Waste, and Vent 
Pipe with a Cellular Core

ASTM F891 (2016) Standard Specification for 
Coextruded Poly (Vinyl Chloride) (PVC) 
Plastic Pipe with a Cellular Core

ASTM F1760 (2016) Standard Specification for 
Coextruded Poly(Vinyl Chloride) (PVC) 
Non-Pressure Plastic Pipe Having 
Reprocessed-Recycled Content

ASTM F2389 (2017a) Standard Specification for 
Pressure-rated Polypropylene (PP) Piping 
Systems

CAST IRON SOIL PIPE INSTITUTE (CISPI)

CISPI 301 (2012) Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, 
Waste, and Vent Piping Applications

CISPI 310 (2012) Coupling for Use in Connection with 
Hubless Cast Iron Soil Pipe and Fittings 
for Sanitary and Storm Drain, Waste, and 
Vent Piping Applications

COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA A4015 (2016; 14/17) Copper Tube Handbook

INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS 
(IAPMO)

IAPMO PS 117 (2005b) Press Type Or Plain End Rub 
Gasketed W/ Nail CU & CU Alloy Fittings 4 
Install On CU Tubing

INTERNATIONAL CODE COUNCIL (ICC)

ICC A117.1 COMM (2017) Standard And Commentary Accessible 
and Usable Buildings and Facilities

ICC IPC (2018) International Plumbing Code

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-25 (2013) Standard Marking System for Valves, 
Fittings, Flanges and Unions

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation
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MSS SP-67 (2017; Errata 1 2017) Butterfly Valves

MSS SP-70 (2011) Gray Iron Gate Valves, Flanged and 
Threaded Ends

MSS SP-71 (2011; Errata 2013) Gray Iron Swing Check 
Valves, Flanged and Threaded Ends

MSS SP-72 (2010a) Ball Valves with Flanged or 
Butt-Welding Ends for General Service

MSS SP-78 (2011) Cast Iron Plug Valves, Flanged and 
Threaded Ends

MSS SP-80 (2013) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-85 (2011) Gray Iron Globe & Angle Valves 
Flanged and Threaded Ends

MSS SP-110 (2010) Ball Valves Threaded, 
Socket-Welding, Solder Joint, Grooved and 
Flared Ends

NACE INTERNATIONAL (NACE)

NACE SP0169 (2015) Control of External Corrosion on 
Underground or Submerged Metallic Piping 
Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2018) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA MG 1 (2016; SUPP 20162018) Motors and Generators

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2018) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NSF INTERNATIONAL (NSF)

NSF 372 (2016) Drinking Water System Components - 
Lead Content

NSF/ANSI 14 (2018) Plastics Piping System Components 
and Related Materials

NSF/ANSI 61 (20172018) Drinking Water System 
Components - Health Effects
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PLASTIC PIPE AND FITTINGS ASSOCIATION (PPFA)

PPFA Fire Man (2016) Firestopping: Plastic Pipe in Fire 
Resistive Construction

PLUMBING AND DRAINAGE INSTITUTE (PDI)

PDI WH 201 (2010) Water Hammer Arresters Standard

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE J1508 (2009) Hose Clamp Specifications

U.S. DEPARTMENT OF ENERGY (DOE)

Energy Star (1992; R 2006) Energy Star Energy 
Efficiency Labeling System (FEMP)

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

PL 93-523 (1974; A 1999) Safe Drinking Water Act

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

10 CFR 430 Energy Conservation Program for Consumer 
Products

21 CFR 175 Indirect Food Additives: Adhesives and 
Components of Coatings

40 CFR 141.80 National Primary Drinking Water 
Regulations; Control of Lead and Copper; 
General Requirements

UNDERWRITERS LABORATORIES (UL)

UL 174 (2004; Reprint Apr 2015) Household 
Electric Storage Tank Water Heaters

UL 430 (2015; Reprint Feb 2018) UL Standard for 
Safety Waste Disposers

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Recycled Content for Steel Pipe ; S

Fixtures

  List of installed fixtures with manufacturer, model, and flow 
rate.

SECTION 22 00 00  Page 9



Hill Air Force Base, UT, Building 591 HILL591

Flush Valve Water Closets

WaterSense Label for Flush Valve Water Closet ; S

Flush Valve Urinals

WaterSense Label for Urinal ; S

WaterSense Label for Flush Tank Water Closet ; S

Countertop Lavatories

WaterSense Label for Lavatory Faucet ; S

Kitchen Sinks

Service Sinks

Drinking-Water Coolers ; G

Energy Star  Label for Electric Water Cooler ; S

Energy Star  Label for Wheelchair Electric Water Cooler ; S

Water Heaters ; G

Pumps; G

Backflow Prevention Assemblies ; G

Welding

  A copy of qualified procedures and a list of names and 
identification symbols of qualified welders and welding operators.

Vibration-Absorbing Features ; G

  Details of vibration-absorbing features, including arrangement, 
foundation plan, dimensions and specifications.

SD-06 Test Reports

Tests, Flushing and Disinfection

  Test reports in booklet form showing all field tests performed 
to adjust each component and all field tests performed to prove 
compliance with the specified performance criteria, completion and 
testing of the installed system.  Each test report shall indicate 
the final position of controls.

Test of Backflow Prevention Assemblies ; G.

  Certification of proper operation shall be as accomplished in 
accordance with state regulations by an individual certified by 
the state to perform such tests.  If no state requirement exists, 
the Contractor shall have the manufacturer's representative test 
the device, to ensure the unit is properly installed and 
performing as intended.  The Contractor shall provide written 
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documentation of the tests performed and signed by the individual 
performing the tests.

SD-07 Certificates

Materials and Equipment

Where equipment is specified to conform to requirements of the 
ASME Boiler and Pressure Vessel Code, the design, fabrication, and 
installation shall conform to the code.

Bolts

  Written certification by the bolt manufacturer that the bolts 
furnished comply with the specified requirements.

SD-10 Operation and Maintenance Data

Plumbing System ; G

  Submit in accordance with Section 01 78 23  OPERATION AND 
MAINTENANCE DATA.

1.3   STANDARD PRODUCTS

Specified materials and equipment  shall be standard products of a 
manufacturer regularly engaged in the manufacture of such products.  
Specified equipment shall essentially duplicate equipment that has 
performed satisfactorily at least two years prior to bid opening.  
Standard products shall have been in satisfactory commercial or industrial 
use for 2 years prior to bid opening.  The 2-year use shall include 
applications of equipment and materials under similar circumstances and of 
similar size.  The product shall have been for sale on the commercial 
market through advertisements, manufacturers' catalogs, or brochures 
during the 2 year period.

1.3.1   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or 
laboratory tests, can be shown.

1.3.2   Service Support

The equipment items shall be supported by service organizations.  Submit a 
certified list of qualified permanent service organizations for support of 
the equipment which includes their addresses and qualifications.  These 
service organizations shall be reasonably convenient to the equipment 
installation and able to render satisfactory service to the equipment on a 
regular and emergency basis during the warranty period of the contract.

1.3.3   Manufacturer's Nameplate

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.
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1.3.4   Modification of References

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction", or words of 
similar meaning, to mean the Contracting Officer.

1.3.4.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions shall be considered mandatory, the word 
"should" shall be interpreted as "shall."  Reference to the "code 
official" shall be interpreted to mean the "Contracting Officer."  For 
Navy owned property, references to the "owner" shall be interpreted to 
mean the "Contracting Officer."  For leased facilities, references to the 
"owner" shall be interpreted to mean the "lessor."  References to the 
"permit holder" shall be interpreted to mean the "Contractor."

1.3.4.2   Administrative Interpretations

For ICC Codes referenced in the contract documents, the provisions of 
Chapter 1, "Administrator," do not apply.  These administrative 
requirements are covered by the applicable Federal Acquisition Regulations 
(FAR) included in this contract and by the authority granted to the 
Officer in Charge of Construction to administer the construction of this 
project.  References in the ICC Codes to sections of Chapter 1, shall be 
applied appropriately by the Contracting Officer as authorized by his 
administrative cognizance and the FAR.

1.4   DELIVERY, STORAGE, AND HANDLING

Handle, store, and protect equipment and materials to prevent damage 
before and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.5   PERFORMANCE REQUIREMENTS

1.5.1   Welding

Piping shall be welded in accordance with qualified procedures using 
performance-qualified welders and welding operators .  Procedures and 
welders shall be qualified in accordance with ASME BPVC SEC IX .  Welding 
procedures qualified by others, and welders and welding operators 
qualified by another employer, may be accepted as permitted by ASME B31.1 .  
The Contracting Officer shall be notified 24 hours in advance of tests, 
and the tests shall be performed at the work site if practicable.  Welders 
or welding operators shall apply their assigned symbols near each weld 
they make as a permanent record.  

1.5.2   Cathodic Protection and Pipe Joint Bonding

Cathodic protection and pipe joint bonding systems shall be in accordance 
with .

1.6   REGULATORY REQUIREMENTS

Unless otherwise required herein, plumbing work shall be in accordance 
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with ICC IPC .

1.7   PROJECT/SITE CONDITIONS

The Contractor shall become familiar with details of the work, verify 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

1.8   INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent 
instructors to give full instruction to the designated Government 
personnel in the adjustment, operation, and maintenance, including 
pertinent safety requirements, of the specified equipment or system.  
Instructors shall be thoroughly familiar with all parts of the 
installation and shall be trained in operating theory as well as practical 
operation and maintenance work.

Instruction shall be given during the first regular work week after the 
equipment or system has been accepted and turned over to the Government 
for regular operation.  The number of man-days (8 hours per day) of 
instruction furnished shall be as specified in the individual section.  
When more than 4 man-days of instruction are specified, use approximately 
half of the time for classroom instruction.  Use other time for 
instruction with the equipment or system.

When significant changes or modifications in the equipment or system are 
made under the terms of the contract, provide additional instruction to 
acquaint the operating personnel with the changes or modifications.

1.9   ACCESSIBILITY OF EQUIPMENT

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Install concealed valves, 
expansion joints, controls, dampers, and equipment requiring access, in 
locations freely accessible through access doors.

PART 2   PRODUCTS

2.1   MATERIALS

Materials for various services shall be in accordance with TABLES I and 
II.  Pipe schedules shall be selected based on service requirements.  Pipe 
fittings shall be compatible with the applicable pipe materials.  Plastic 
pipe, fittings, and solvent cement shall meet NSF/ANSI 14  and shall be NSF 
listed for the service intended.  Plastic pipe, fittings, and solvent 
cement used for potable hot and cold water service shall bear the NSF seal 
"NSF-PW."  Polypropylene pipe and fittings shall conform to dimensional 
requirements of Schedule 40, Iron Pipe size and shall comply with 
NSF/ANSI 14 , NSF/ANSI 61  and ASTM F2389.  Polypropylene piping that will 
be exposed to UV light shall be provided with a Factory applied UV 
resistant coating.  Pipe threads (except dry seal) shall conform to 
ASME B1.20.1 .  Grooved pipe couplings and fittings shall be from the same 
manufacturer.  Material or equipment containing a weighted average of 
greater than 0.25 percent lead shall not be used in any potable water 
system intended for human consumption, and shall be certified in 
accordance with NSF/ANSI 61 , Annex G or NSF 372 .  In line devices such as 
water meters, building valves, check valves, meter stops, valves, fittings 
and back flow preventers shall comply with PL 93-523  and NSF/ANSI 61 , 
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Section 8.  End point devices such as drinking water fountains, lavatory 
faucets, kitchen and bar faucets, residential ice makers, supply stops and 
end point control valves used to dispense water for drinking must meet the 
requirements of NSF/ANSI 61 , Section 9.  Hubless cast-iron soil pipe shall 
not be installed underground, under concrete floor slabs, or in crawl 
spaces below kitchen floors.  Plastic pipe shall not be installed in air 
plenums.  Plastic pipe shall not be installed in a pressure piping system 
in buildings greater than three stories including any basement levels.

2.1.1   Pipe Joint Materials

Grooved pipe and hubless cast-iron soil pipe shall not be used 
underground.  Solder containing lead shall not be used with copper pipe.  
Cast iron soil pipe and fittings shall be marked with the collective 
trademark of the Cast Iron Soil Institute.  Joints and gasket materials 
shall conform to the following:

a.  Coupling for Cast-Iron Pipe:  for hub and spigot type ASTM A74, 
AWWA C606.  For hubless type:  CISPI 310

b.  Coupling for Steel Pipe:  AWWA C606.

c.  Couplings for Grooved Pipe:  Ductile Iron ASTM A536 (Grade 65-45-12) ..

d.  Flange Gaskets:  Gaskets shall be made of non-asbestos material in 
accordance with ASME B16.21 .  Gaskets shall be flat,  1/16 inch  thick, 
and contain Aramid fibers bonded with Styrene Butadiene Rubber (SBR) 
or Nitro Butadiene Rubber (NBR).  Gaskets shall be the full face or 
self centering flat ring type.  Gaskets used for hydrocarbon service 
shall be bonded with NBR.

e.  Brazing Material:  Brazing material shall conform to AWS A5.8/A5.8M , 
BCuP-5.

f.  Brazing Flux:  Flux shall be in paste or liquid form appropriate for 
use with brazing material.  Flux shall be as follows:  lead-free; have 
a 100 percent flushable residue; contain slightly acidic reagents; 
contain potassium borides; and contain fluorides.

g.  Solder Material:  Solder metal shall conform to ASTM B32.

h.  Solder Flux:  Flux shall be liquid form, non-corrosive, and conform to 
ASTM B813, Standard Test 1.

i.  PTFE Tape:  PTFE Tape, for use with Threaded Metal or Plastic Pipe.

j.  Rubber Gaskets for Cast-Iron Soil-Pipe and Fittings (hub and spigot 
type and hubless type):  ASTM C564.

k.  Rubber Gaskets for Grooved Pipe:  ASTM D2000, maximum temperature  230 
degrees F .

l.  Flexible Elastomeric Seals:  ASTM D3139, ASTM D3212 or ASTM F477.

m.  Bolts and Nuts for Grooved Pipe Couplings:  Heat-treated carbon steel, 
ASTM A183.
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n.  Solvent Cement for Transition Joints between ABS and PVC Nonpressure 
Piping Components:  ASTM D3138.

o.  Plastic Solvent Cement for ABS Plastic Pipe:  ASTM D2235.

p.  Plastic Solvent Cement for PVC Plastic Pipe:  ASTM D2564 and ASTM D2855.

q.  Plastic Solvent Cement for CPVC Plastic Pipe:  ASTM F493.

r.  Flanged fittings including, but not limited to, flanges, bolts, nuts 
and bolt patterns shall be in accordance with ASME B16.5  class 150 and 
shall have the manufacturer's trademark affixed in accordance with 
MSS SP-25 .  Flange material shall conform to ASTM A105/A105M .  Blind 
flange material shall conform to ASTM A516/A516M  cold service and 
ASTM A515/A515M  for hot service.  Bolts  shall be high strength or 
intermediate strength with material conforming to ASTM A193/A193M .

s.  Plastic Solvent Cement for Styrene Rubber Plastic Pipe:  ASTM D3122.

t.  Press fittings for Copper Pipe and Tube: Copper press fittings shall 
conform to the material and sizing requirements of ASME B16.51  and 
performance criteria of IAPMO PS 117 .  Sealing elements for copper 
press fittings shall be EPDM, FKM or HNBR.  Sealing elements shall be 
factory installed or an alternative supplied fitting manufacturer.  
Sealing element shall be selected based on manufacturer's approved 
application guidelines.

u.  Copper tubing shall conform to  ASTM B88, Type K, L or M.

v.  Heat-fusion joints for polypropylene piping:  ASTM F2389.

2.1.2   Miscellaneous Materials

Miscellaneous materials shall conform to the following:

a.  Water Hammer Arrester:  PDI WH 201 .  Water hammer arrester shall be 
piston type.

b.  Copper, Sheet and Strip for Building Construction:  ASTM B370.

c.  Asphalt Roof Cement:  ASTM D2822/D2822M .

d.  Hose Clamps:  SAE J1508 .

e.  Supports for Off-The-Floor Plumbing Fixtures:  ASME A112.6.1M .

f.  Metallic Cleanouts:  ASME A112.36.2M .

g.  Plumbing Fixture Setting Compound:  A preformed flexible ring seal 
molded from hydrocarbon wax material.  The seal material shall be 
nonvolatile nonasphaltic and contain germicide and provide watertight, 
gastight, odorproof and verminproof properties.

h.  Coal-Tar Protective Coatings and Linings for Steel Water Pipelines: 
AWWA C203.

i.  Hypochlorites:  AWWA B300.
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j.  Liquid Chlorine:  AWWA B301.

k.  Gauges - Pressure and Vacuum Indicating Dial Type - Elastic Element:  
ASME B40.100 .

l.  Thermometers:  ASTM E1.  Mercury shall not be used in thermometers.

2.1.3   Pipe Insulation Material

Insulation shall be as specified in Section 23 07 00  THERMAL INSULATION 
FOR MECHANICAL SYSTEMS.

2.2   PIPE HANGERS, INSERTS, AND SUPPORTS

Pipe hangers, inserts, and supports shall conform to MSS SP-58 .

2.3   VALVES

Valves shall be provided on supplies to equipment and fixtures.  Valves  
2-1/2 inches  and smaller shall be bronze with threaded bodies for pipe and 
solder-type connections for tubing .  Valves  3 inches  and larger shall have 
flanged iron bodies and bronze trim.  Pressure ratings shall be based upon 
the application.  Grooved end valves may be provided if the manufacturer 
certifies that the valves meet the performance requirements of applicable 
MSS standard.  Valves shall conform to the following standards:

Description Standard

Butterfly Valves MSS SP-67

Cast-Iron Gate Valves, Flanged and 
Threaded Ends

MSS SP-70

Cast-Iron Swing Check Valves, Flanged and 
Threaded Ends

MSS SP-71

Ball Valves with Flanged Butt-Welding Ends 
for General Service

MSS SP-72

Ball Valves Threaded, Socket-Welding, 
Solder Joint, Grooved and Flared Ends

MSS SP-110

Cast-Iron Plug Valves, Flanged and 
Threaded Ends

MSS SP-78

Bronze Gate, Globe, Angle, and Check Valves MSS SP-80

Steel Valves, Socket Welding and Threaded 
Ends

ASME B16.34

Cast-Iron Globe and Angle Valves, Flanged 
and Threaded Ends

MSS SP-85

SECTION 22 00 00  Page 16



Hill Air Force Base, UT, Building 591 HILL591

Backwater Valves ASME A112.14.1

Vacuum Relief Valves ANSI Z21.22/CSA 4.4

Water Heater Drain Valves ASME BPVC SEC IV , Part HLW-810: 
Requirements for Potable-Water Heaters 
Bottom Drain Valve

Trap Seal Primer Valves ASSE 1018

Temperature and Pressure Relief Valves 
for Hot Water Supply Systems

ANSI Z21.22/CSA 4.4

Temperature and Pressure Relief Valves 
for Automatically Fired Hot Water Boilers 

ASME CSD-1
Safety Code No., Part CW, Article 5

2.3.1   Backwater Valves

Backwater valves shall be either separate from the floor drain or a 
combination floor drain, P-trap, and backwater valve, as shown.  Valves 
shall have cast-iron bodies with cleanouts large enough to permit removal 
of interior parts.  Valves shall be of the flap type, hinged or pivoted, 
with revolving disks.  Hinge pivots, disks, and seats shall be nonferrous 
metal.  Disks shall be slightly open in a no-flow no-backwater condition.  
Cleanouts shall extend to finished floor and be fitted with threaded 
countersunk plugs.

2.3.2   Wall Faucets

Wall faucets with vacuum-breaker backflow preventer shall be brass with  
3/4 inch  male inlet threads, hexagon shoulder, and  3/4 inch  hose 
connection.  Faucet handle shall be securely attached to stem.

2.3.3   Wall Hydrants (Frostproof)

ASSE 1019  with vacuum-breaker backflow preventer shall have a nickel-brass 
or nickel-bronze wall plate or flange with nozzle and detachable key 
handle.  A brass or bronze operating rod shall be provided within a 
galvanized iron casing of sufficient length to extend through the wall so 
that the valve is inside the building, and the portion of the hydrant 
between the outlet and valve is self-draining.  A brass or bronze valve 
with coupling and union elbow having metal-to-metal seat shall be 
provided.  Valve rod and seat washer shall be removable through the face 
of the hydrant.  The hydrant shall have  3/4 inch  exposed hose thread on 
spout and  3/4 inch  male pipe thread on inlet.
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2.3.4   Relief Valves

Water heaters and hot water storage tanks shall have a combination 
pressure and temperature (P&T) relief valve.  The pressure relief element 
of a P&T relief valve shall have adequate capacity to prevent excessive 
pressure buildup in the system when the system is operating at the maximum 
rate of heat input.  The temperature element of a P&T relief valve shall 
have a relieving capacity which is at least equal to the total input of 
the heaters when operating at their maximum capacity.  Relief valves shall 
be rated according to ANSI Z21.22/CSA 4.4 .  Relief valves for systems 
where the maximum rate of heat input is less than  200,000 Btuh  shall have  
3/4 inch  minimum inlets, and  3/4 inch  outlets.  Relief valves for systems 
where the maximum rate of heat input is greater than  200,000 Btuh  shall 
have  1 inch  minimum inlets, and  1 inch  outlets.  The discharge pipe from 
the relief valve shall be the size of the valve outlet.

2.3.5   Thermostatic Mixing Valves

Provide thermostatic mixing valve for lavatory faucets.  Mixing valves, 
thermostatic type, pressure-balanced or combination thermostatic and 
pressure-balanced shall be line size and shall be constructed with rough 
or finish bodies either with or without plating.  Each valve shall be 
constructed to control the mixing of hot and cold water and to deliver 
water at a desired temperature regardless of pressure or input temperature 
changes.  The control element shall be of an approved type.  The body 
shall be of heavy cast bronze, and interior parts shall be brass, bronze, 
corrosion-resisting steel or copper.  The valve shall be equipped with 
necessary stops, check valves, unions, and sediment strainers on the 
inlets.  Mixing valves shall maintain water temperature within  5 degrees F  
of any setting.

2.4   FIXTURES

Water closet replacements in major renovations may have a flush valve of 
up to   1.6 GPF  to accommodate existing plumbing capacity.  Fixtures for 
use by the physically handicapped shall be in accordance with 
ICC A117.1 COMM . Vitreous China, nonabsorbent, hard-burned, and vitrified 
throughout the body shall be provided.  Porcelain enameled ware shall have 
specially selected, clear white, acid-resisting enamel coating evenly 
applied on surfaces.  No fixture will be accepted that shows cracks, 
crazes, blisters, thin spots, or other flaws.  Fixtures shall be equipped 
with appurtenances such as traps, faucets, stop valves, and drain 
fittings.  Each fixture and piece of equipment requiring connections to 
the drainage system, except grease interceptors, shall be equipped with a 
trap.  Brass expansion or toggle bolts capped with acorn nuts shall be 
provided for supports, and polished chromium-plated pipe, valves, and 
fittings shall be provided where exposed to view.  Fixtures with the 
supply discharge below the rim shall be equipped with backflow 
preventers.  Internal parts of flush valves and flushometer valves, shower 
mixing valves, shower head face plates, pop-up stoppers of lavatory waste 
drains, and pop-up stoppers and overflow tees and shoes of bathtub waste 
drains shall be copper alloy with all visible surfaces chrome plated.  
Plastic in contact with hot water shall be suitable for  180 degrees F  
water temperature.

2.4.1   Flush Valve Water Closets

ASME A112.19.2/CSA B45.1 , white vitreous china, siphon jet, elongated 
bowl, wall mounted, wall outlet.  Top of toilet seat height above floor 
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shall be  14 to 15 inches , except  17 to 19 inches  for wheelchair water 
closets.  Provide wax bowl ring including plastic sleeve.  Provide white 
solid plastic elongated open-front seat .

Water flushing volume of the water closet and flush valve combination 
shall not exceed  1.28 gallons  per flush. Water closets must meet the EPA 
WaterSense product definition specified in 
http://www.epa.gov/watersense/partners/product_program_specs.html  and must 
be EPA WaterSense labeled products.  Provide data identifying WaterSense 
label for flush valve water closet .

Provide large diameter flush valve including angle control-stop valve, 
vacuum breaker, tail pieces, slip nuts, and wall plates; exposed to view 
components shall be chromium-plated or polished stainless steel.  Flush 
valves shall be nonhold-open type.  Mount flush valves not less than  11 
inches  above the fixture.  Mounted height of flush valve shall not 
interfere with the hand rail in ADA stalls.

2.4.2   Flush Valve Urinals

ASME A112.19.2/CSA B45.1 , white vitreous china, ,wall-mounted, wall 
outlet, siphon jet, integral trap, and extended side shields.      Water 
flushing volume of the urinal and flush valve combination shall not exceed  
0.5 gallons  per flush.  Urinals must meet the specifications of 
http://www.epa.gov/watersense/partners/product_program_specs.html  and must 
be EPA WaterSense labeled products.  Provide data identifying WaterSense 
label for urinal .  Provide ASME A112.6.1M  concealed chair carriers with 
vertical steel pipe supports.  Provide large diameter flush valve 
including angle control-stop valve, vacuum breaker, tail pieces, slip 
nuts, and wall plates; exposed to view components shall be chromium-plated 
or polished stainless steel.  Flush valves shall be nonhold-open type.  
Mount flush valves not less than  11 inches  above the fixture. 

2.4.3   Wheelchair Flush Valve Type Urinals

ASME A112.19.2/CSA B45.1 , white vitreous china, ,wall-mounted, wall 
outlet, blowout action, integral trap, elongated projecting bowl,  20 inches
 long from wall to front of flare, and ASME A112.19.5  trim.  Provide large 
diaphragm (not less than  2.625 inches  upper chamber inside diameter at the 
point where the diaphragm is sealed between the upper and lower chambers), 
nonhold-open flush valve of chrome plated cast brass conforming to 
ASTM B584, including vacuum breaker and angle (control-stop) valve with 
back check.  The water flushing volume of the flush valve and urinal 
combination shall not exceed  0.5 gallon  per flush.  Urinals must meet the 
specifications of 
http://www.epa.gov/watersense/partners/product_program_specs.html  and must 
be EPA WaterSense labeled products.  Provide data identifying WaterSense 
label for wheelchair flush valve urinal.  Furnish urinal manufacturer's 
certification of conformance.  Provide ASME A112.6.1M  concealed chair 
carriers.  Mount urinal with front rim a maximum of  17 inches  above floor 
and flush valve handle a maximum of  44 inches  above floor for use by 
handicapped on wheelchair.

2.4.4   Countertop Lavatories

ASME A112.19.2/CSA B45.1 , white vitreous china, , undermounted , minimum 
dimensions of  19 inches  wide by  17 inches  front to rear, with supply 
openings for use with top mounted centerset faucets.  Furnish template and 
mounting kit by lavatory manufacturer.  Provide aerator with faucet.  
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Provide lavatory faucets and accessories meeting the flow rate and product 
requirements of the paragraph LAVATORIES.  Mount counter with the top 
surface  34 inches  above floor and with  29 inches  minimum clearance from 
bottom of the counter face to floor.  Provide top mounted washerless 
centerset lavatory faucets. 

2.4.5   Kitchen Sinks

ASME A112.19.3/CSA B45.4 , 20 gage stainless steel for undermount 
installation, minimum dimensions of  33 inches  wide by  21 inches  front to 
rear, two compartments, with undersides fully sound deadened, with supply 
openings for use with top mounted washerless sink faucets with hose spray, 
and with  3.5 inch  drain outlet.  Provide aerator with faucet. Water flow 
rate shall not exceed  2.2 gpm  when measured at a flowing water pressure of  
60 psi .  Provide stainless steel drain outlets and stainless steel cup 
strainers.  Provide separate  1.5 inch  P-trap and drain piping to vertical 
vent piping from each compartment. Provide top mounted washerless sink 
faucets with hose spray.   Provide UL 430  waste disposer in right 
compartment.

2.4.6   Service Sinks

ASME A112.19.2/CSA B45.1 , Precast Terrazzo   with integral back and wall 
hanger supports, minimum dimensions of  22 inches  wide by  20 inches  front 
to rear, with two supply openings in  10 inch  high back.  Provide floor 
supported wall outlet cast iron P-trap and stainless steel rim guards as 
recommended by service sink manufacturer.  Provide back mounted washerless 
service sink faucets with vacuum breaker and  0.75 inch  external hose 
threads.

2.4.7   Drinking-Water Coolers

AHRI 1010  with more than a single thickness of metal between the potable 
water and the refrigerant in the heat exchanger, wall-hung, bubbler style, 
air-cooled condensing unit,  4.75 gph  minimum capacity, stainless steel 
splash receptor and basin,  and stainless steel cabinet.  Bubblers shall 
be controlled by push levers or push bars, front mounted or side mounted 
near the front edge of the cabinet.  Bubbler spouts shall be mounted at 
maximum of  36 inches  above floor and at front of unit basin.  Spouts shall 
direct water flow at least  4 inches  above unit basin and trajectory 
parallel or nearly parallel to the front of unit.  Provide ASME A112.6.1M  
concealed steel pipe chair carriers.  Provide electric water cooler that 
is Energy Star  labeled.  Provide data identifying Energy Star  label for 
electric water cooler .

2.4.8   Wheelchair Drinking Water cooler

AHRI 1010 , wall-mounted bubbler style with ASME A112.6.1M  concealed chair 
carrier, air-cooled condensing unit,  4.75 gph  minimum capacity, stainless 
steel splash receptor, and all stainless steel cabinet, with  27 inch  
minimum knee clearance from front bottom of unit to floor and  36 inch  
maximum spout height above floor and bottle filler.  Bubblers shall also 
be controlled by push levers, by push bars, or touch pads one on each side 
or one on front and both sides of the cabinet.    Provide electric water 
cooler that is Energy Star  labeled.  Provide data identifying Energy Star  
label for wheelchair electric water cooler .
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2.4.9   Precast Terrazzo Mop Sinks

Terrazzo shall be made of marble chips cast in white portland cement to 
produce  3000 psi  minimum compressive strength 7 days after casting.  
Provide floor or wall outlet copper alloy body drain cast integral with 
terrazzo, with polished stainless steel strainers.

2.5   BACKFLOW PREVENTERS

Backflow prevention devices must be approved by the State or local 
regulatory agencies. If there is no State or local regulatory agency 
requirements, the backflow prevention devices must be listed by the 
Foundation for Cross-Connection Control & Hydraulic Research, or any other 
approved testing laboratory having equivalent capabilities for both 
laboratory and field evaluation of backflow prevention devices and 
assemblies.

Reduced pressure principle assemblies, double check valve assemblies, 
atmospheric (nonpressure) type vacuum breakers, and pressure type vacuum 
breakers shall be meet the above requirements.

Backflow preventers with intermediate atmospheric vent shall conform to 
ASSE 1012 .  Reduced pressure principle backflow preventers shall conform 
to ASSE 1013 .  Hose connection vacuum breakers shall conform to ASSE 1011 .  
Pipe applied atmospheric type vacuum breakers shall conform to ASSE 1001 .  
Pressure vacuum breaker assembly shall conform to ASSE 1020 .  Air gaps in 
plumbing systems shall conform to ASME A112.1.2 .

2.6   DRAINS

2.6.1   Floor Drains

Floor drains shall consist of a galvanized body, integral seepage pan, and 
adjustable perforated or slotted chromium-plated bronze, nickel-bronze, or 
nickel-brass strainer, consisting of grate and threaded collar.  Floor 
drains shall be cast iron except where metallic waterproofing membrane is 
installed.  Drains shall be of double drainage pattern for embedding in 
the floor construction.  The seepage pan shall have weep holes or channels 
for drainage to the drainpipe.  The strainer shall be adjustable to floor 
thickness.  A clamping device for attaching flashing or waterproofing 
membrane to the seepage pan without damaging the flashing or waterproofing 
membrane shall be provided when required.  Drains shall be provided with 
threaded connection.  Between the drain outlet and waste pipe, a neoprene 
rubber gasket conforming to ASTM C564 may be installed, provided that the 
drain is specifically designed for the rubber gasket compression type 
joint.  Floor  drains shall conform to ASME A112.6.3 .

2.6.1.1   Drains and Backwater Valves

Drains and backwater valves installed in connection with waterproofed 
floors or shower pans shall be equipped with bolted-type device to 
securely clamp flashing.

2.6.2   Floor Sinks

Floor sinks shall be square, with  12 inch  nominal overall width or 
diameter and  10 inch  nominal overall depth.  Floor sink shall have an 
acid-resistant enamel interior finish with cast-iron body, aluminum 
sediment bucket, and perforated grate of cast iron in industrial areas and 
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stainless steel in finished areas.  The outlet pipe size shall be as 
indicated or of the same size as the connecting pipe.

2.6.3   Sight Drains

Sight drains shall consist of body, integral seepage pan, and adjustable 
strainer with perforated or slotted grate and funnel extension.  The 
strainer shall have a threaded collar to permit adjustment to floor 
thickness.  Drains shall be of double drainage pattern suitable for 
embedding in the floor construction.  A clamping device for attaching 
flashing or waterproofing membrane to the seepage pan without damaging the 
flashing or membrane shall be provided for other than concrete 
construction.  Drains shall have a galvanized heavy cast-iron body and 
seepage pan and chromium-plated bronze, nickel-bronze, or nickel-brass 
strainer and funnel combination.  Drains shall be provided with threaded 
connection and with a separate cast-iron "P" trap, unless otherwise 
indicated.  Drains shall be circular, unless otherwise indicated.  The 
funnel shall be securely mounted over an opening in the center of the 
strainer.  Minimum dimensions shall be as follows:

Area of strainer and collar:  36 square inches

Height of funnel:             3-3/4 inches

Diameter of lower portion:    2 inches  of funnel

Diameter of upper portion:    4 inches  of funnel

2.7   TRAPS

Unless otherwise specified, traps shall be copper-alloy adjustable tube 
type with slip joint inlet and swivel.  Traps shall be without a cleanout.
Tubes shall be copper alloy with walls not less than  0.032 inch  thick 
within commercial tolerances, except on the outside of bends where the 
thickness may be reduced slightly in manufacture by usual commercial 
methods.  Inlets shall have rubber washer and copper alloy nuts for slip 
joints above the discharge level.  Swivel joints shall be below the 
discharge level and shall be of metal-to-metal or metal-to-plastic type as 
required for the application.  Nuts shall have flats for wrench grip.  
Outlets shall have internal pipe thread, except that when required for the 
application, the outlets shall have sockets for solder-joint connections.  
The depth of the water seal shall be not less than  2 inches .  The interior 
diameter shall be not more than  1/8 inch  over or under the nominal size, 
and interior surfaces shall be reasonably smooth throughout.  A copper 
alloy "P" trap assembly consisting of an adjustable "P" trap and threaded 
trap wall nipple with cast brass wall flange shall be provided for 
lavatories.  The assembly shall be a standard manufactured unit and may 
have a rubber-gasketed swivel joint.

2.8   WATER HEATERS

Water heater types and capacities shall be as indicated.  Each water 
heater shall have replaceable anodes.  Each primary water heater shall 
have controls with an adjustable range that includes  90 to 160 degrees F .  
Each gas-fired water heater and booster water heater shall have controls 
with an adjustable range that includes  120 to 180 degrees F .  Hot water 
systems utilizing recirculation systems shall be tied into building 
off-hour controls.  The thermal efficiencies and standby heat losses shall 
conform to TABLE III in PART 3 of this Section for each type of water 
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heater specified.  The only exception is that storage water heaters and 
hot water storage tanks having more than  500 gallons  storage capacity need 
not meet the standard loss requirement if the tank surface area is 
insulated to R-12.5 and if a standing light is not used.  Plastic 
materials polyetherimide (PEI) and polyethersulfone (PES) are forbidden to 
be used for vent piping of combustion gases.  A factory pre-charged 
expansion tank shall be installed on the cold water supply to each water 
heater.  Expansion tanks shall be specifically designed for use on potable 
water systems and shall be rated for  200 degrees F  water temperature and  
150 psi  working pressure.  The expansion tank size and acceptance volume 
shall be as indicated.

2.8.1   Automatic Storage Type

Heaters shall be complete with control system, and shall have ASME rated 
combination pressure and temperature relief valve.

2.8.1.1   Electric Type

Electric type water heaters shall conform to UL 174  with dual heating 
elements.   Each element shall be 4.5 KW.  The elements shall be wired so 
that only one element can operate at a time.  

2.8.2   Phenolic Resin Coatings for Heater Tubes

The phenolic resin coating system shall be applied at either the coil or 
coating manufacturer's factory in accordance with manufacturer's standard 
proven production process.  The coating system shall be a product 
specifically intended for use on the material the water heating 
tubes/coils are made of and shall be acceptable for use in potable water 
systems.  The coating system shall be capable of withstanding temperatures 
up to  400 degrees F  dry bulb; and meet the requirements of 21 CFR 175 .

 The first  5 to 8 inches  inside the tubes of each coil shall be coated 
with phenolic resin coating system.

2.8.2.1   Standard Product

Provide a phenolic resin coating system that is a standard product of a 
manufacturer regularly engaged in the manufacturing of products that are 
of a similar material, design and workmanship.

Standard products are defined as components and equipment that have been 
in satisfactory commercial or industrial use in similar applications of 
similar size for at least two years before bid opening.

Prior to this two year period, these standard products were sold on the 
commercial market using advertisements in manufacturers' catalogs or 
brochures.   These manufacturers' catalogs, or brochures shall have been 
copyrighted documents or be identified with a manufacturer's document 
number.

2.9   HOT-WATER STORAGE TANKS

Hot-water storage tanks shall be constructed by one manufacturer, ASME 
stamped for the working pressure, and shall have the National Board (ASME) 
registration.  The tank shall be cement-lined or glass-lined steel type in 
accordance with AWWA D100.  The heat loss shall conform to TABLE III in 
PART 3 of this Section as determined by the requirements of  

SECTION 22 00 00  Page 23



Hill Air Force Base, UT, Building 591 HILL591

ASHRAE 90.1 - IP .  Each tank shall be equipped with a thermometer, 
conforming to ASTM E1, Type I, Class 3, Range C, style and form as 
required for the installation, and with  7 inch  scale.  Thermometer shall 
have a separable socket suitable for a  3/4 inch  tapped opening.  Tanks 
shall be equipped with a pressure gauge  6 inch  minimum diameter face.  
Insulation shall be as specified in Section 23 07 00  THERMAL INSULATION 
FOR MECHANICAL SYSTEMS.  Storage tank capacity shall be as shown.

2.10   PUMPS

2.10.1   Circulating Pumps

Domestic hot water circulating pumps shall be electrically driven, 
single-stage, centrifugal, with mechanical seals, suitable for the 
intended service.  Pump and motor shall be supported by the piping on 
which it is installed.  The shaft shall be one-piece, heat-treated, 
corrosion-resisting steel with impeller and smooth-surfaced housing of 
bronze.

Motor shall be totally enclosed, fan-cooled and shall have sufficient  
horsepower  for the service required.  Each pump motor shall be equipped 
with an across-the-line magnetic controller in a NEMA 250, Type 1 
enclosure with "START-STOP" switch in cover.

2.10.2   Flexible Connectors

Flexible connectors shall be provided at the suction and discharge of each 
pump that is 1 hp or larger.  Connectors shall be constructed of neoprene, 
rubber, or braided bronze, with Class 150 standard flanges.  Flexible 
connectors shall be line size and suitable for the pressure and 
temperature of the intended service.

2.11   ELECTRICAL WORK

Provide electrical motor driven equipment specified complete with motors, 
motor starters, and controls as specified herein and in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.  Provide internal wiring for components of 
packaged equipment as an integral part of the equipment.  Provide 
single-phase, fractional-horsepower alternating-current motors, including 
motors that are part of a system, corresponding to the applications in 
accordance with NEMA MG 11.  Provide motors in accordance with NEMA MG 1 
and of sufficient size to drive the load at the specified capacity without 
exceeding the nameplate rating of the motor.

Motors shall be rated for continuous duty with the enclosure specified.   
Motor duty requirements shall allow for maximum frequency start-stop 
operation and minimum encountered interval between start and stop.  Motor 
torque shall be capable of accelerating the connected load within 20 
seconds with 80 percent of the rated voltage maintained at motor terminals 
during one starting period.  Motor bearings shall be fitted with grease 
supply fittings and grease relief to outside of the enclosure.

Controllers and contactors shall have auxiliary contacts for use with the 
controls provided.  Manual or automatic control and protective or signal 
devices required for the operation specified and any control wiring 
required for controls and devices specified, but not shown, shall be 
provided.  For packaged equipment, the manufacturer shall provide 
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controllers, including the required monitors and timed restart.

Power wiring and conduit for field installed equipment shall be provided 
under and conform to the requirements of Section 26 20 00  INTERIOR 
DISTRIBUTION SYSTEM.

2.12   MISCELLANEOUS PIPING ITEMS

2.12.1   Escutcheon Plates

Provide one piece or split hinge metal plates for piping entering floors, 
walls, and ceilings in exposed spaces.  Provide chromium-plated on copper 
alloy plates or polished stainless steel finish in finished spaces.  
Provide paint finish on plates in unfinished spaces.

2.12.2   Pipe Sleeves

Provide where piping passes entirely through walls, ceilings, roofs, and 
floors.  Sleeves are not required where  drain, waste, and vent (DWV) 
piping passes through concrete floor slabs located on grade, except where 
penetrating a membrane waterproof floor.

2.12.2.1   Sleeves in Masonry and Concrete

Provide steel pipe sleeves or schedule 40 PVC plastic pipe sleeves.  
Sleeves are not required where drain, waste, and vent (DWV) piping passes 
through concrete floor slabs located on grade.  Core drilling of masonry 
and concrete may be provided in lieu of pipe sleeves when cavities in the 
core-drilled hole are completely grouted smooth.

2.12.2.2   Sleeves Not in Masonry and Concrete

Provide 26 gage galvanized steel sheet or PVC plastic pipe sleeves.

2.12.3   Pipe Hangers (Supports)

Provide MSS SP-58  Type 1 with adjustable type steel support rods, except 
as specified or indicated otherwise.  Attach to steel joists with Type 19 
or 23 clamps and retaining straps.  Attach to Steel W or S beams with Type 
21, 28, 29, or 30 clamps.  Attach to steel angles and vertical web steel 
channels with Type 20 clamp with beam clamp channel adapter.  Attach to 
horizontal web steel channel and wood with drilled hole on centerline and 
double nut and washer.  Attach to concrete with Type 18 insert or drilled 
expansion anchor.  Provide Type 40 insulation protection shield for 
insulated piping.

2.12.4   Nameplates

Provide  0.125 inch  thick melamine laminated plastic nameplates, black 
matte finish with white center core, for equipment, gages, thermometers, 
and valves; valves in supplies to faucets will not require nameplates.  
Accurately align lettering and engrave minimum of  0.25 inch  high normal 
block lettering into the white core.  Minimum size of nameplates shall be  
1.0 by 2.5 inches .  Key nameplates to a chart and schedule for each 
system. Frame charts and schedules under glass and place where directed 
near each system.  Furnish two copies of each chart and schedule.
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2.12.5   Labels

Provide labels for sensor operators at flush valves and faucets.  Include 
the following information on each label:

a.  Identification of the sensor and its operation with written 
description.

b.  Range of the sensor.

c.  Battery replacement schedule.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Piping located in air plenums shall conform to NFPA 90A requirements.    
Piping located in shafts that constitute air ducts or that enclose air 
ducts shall be noncombustible in accordance with NFPA 90A.  Installation 
of plastic pipe where in compliance with NFPA may be installed in 
accordance with PPFA Fire Man .  The plumbing system shall be installed 
complete with necessary fixtures, fittings, traps, valves, and 
accessories.  Water and drainage piping shall be extended  5 feet  outside 
the building, unless otherwise indicated.  A full port ball valve and 
drain shall be installed on the water service line inside the building 
approximately  6 inches  above the floor from point of entry.  Piping shall 
be connected to the exterior service lines or capped or plugged if the 
exterior service is not in place.  Sewer and water pipes shall be laid in 
separate trenches, except when otherwise shown.  Exterior underground 
utilities shall be at least  12 inches  below the average local frost depth 
or as indicated on the drawings.  If trenches are closed or the pipes are 
otherwise covered before being connected to the service lines, the 
location of the end of each plumbing utility shall be marked with a stake 
or other acceptable means.  Valves shall be installed with control no 
lower than the valve body.

3.1.1   Water Pipe, Fittings, and Connections

3.1.1.1   Utilities

The piping shall be extended to fixtures, outlets, and equipment.  The 
hot-water and cold-water piping system shall be arranged and installed to 
permit draining.  The supply line to each item of equipment or fixture, 
except faucets, flush valves, or other control valves which are supplied 
with integral stops, shall be equipped with a shutoff valve to enable 
isolation of the item for repair and maintenance without interfering with 
operation of other equipment or fixtures.  Supply piping to fixtures, 
faucets, hydrants, shower heads, and flushing devices shall be anchored to 
prevent movement.

3.1.1.2   Cutting and Repairing

The work shall be carefully laid out in advance, and unnecessary cutting 
of construction shall be avoided.  Damage to building, piping, wiring, or 
equipment as a result of cutting shall be repaired by mechanics skilled in 
the trade involved.
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3.1.1.3   Protection of Fixtures, Materials, and Equipment

Pipe openings shall be closed with caps or plugs during installation. 
Fixtures and equipment shall be tightly covered and protected against 
dirt, water, chemicals, and mechanical injury.  Upon completion of the 
work, the fixtures, materials, and equipment shall be thoroughly cleaned, 
adjusted, and operated.  Safety guards shall be provided for exposed 
rotating equipment.

3.1.1.4   Mains, Branches, and Runouts

Piping shall be installed as indicated.  Pipe shall be accurately cut and 
worked into place without springing or forcing.  Structural portions of 
the building shall not be weakened.  Aboveground piping shall run parallel 
with the lines of the building, unless otherwise indicated.  Branch pipes 
from service lines may be taken from top, bottom, or side of main, using 
crossover fittings required by structural or installation conditions.  
Supply pipes, valves, and fittings shall be kept a sufficient distance 
from other work and other services to permit not less than  1/2 inch  
between finished covering on the different services.  Bare and insulated 
water lines shall not bear directly against building structural elements 
so as to transmit sound to the structure or to prevent flexible movement 
of the lines.  Water pipe shall not be buried in or under floors unless 
specifically indicated or approved.  Changes in pipe sizes shall be made 
with reducing fittings.  Use of bushings will not be permitted except for 
use in situations in which standard factory fabricated components are 
furnished to accommodate specific accepted installation practice.  Change 
in direction shall be made with fittings, except that bending of pipe  4 
inches  and smaller will be permitted, provided a pipe bender is used and 
wide sweep bends are formed.  The center-line radius of bends shall be not 
less than six diameters of the pipe.  Bent pipe showing kinks, wrinkles, 
flattening, or other malformations will not be acceptable.

3.1.1.5   Pipe Drains

Pipe drains indicated shall consist of  3/4 inch  hose bibb with renewable 
seat and ball valve ahead of hose bibb.  At other low points,  3/4 inch  
brass plugs or caps shall be provided.  Disconnection of the supply piping 
at the fixture is an acceptable drain.

3.1.1.6   Expansion and Contraction of Piping

Allowance shall be made throughout for expansion and contraction of water 
pipe.  Each hot-water and hot-water circulation riser shall have expansion 
loops or other provisions such as offsets and changes in direction  where 
indicated and required.  Risers shall be securely anchored as required or 
where indicated to force expansion to loops.  Branch connections from 
risers shall be made with ample swing or offset to avoid undue strain on 
fittings or short pipe lengths.  Horizontal runs of pipe over  50 feet  in 
length shall be anchored to the wall or the supporting construction about 
midway on the run to force expansion, evenly divided, toward the ends.  
Sufficient flexibility shall be provided on branch runouts from mains and 
risers to provide for expansion and contraction of piping.  Flexibility 
shall be provided by installing one or more turns in the line so that 
piping will spring enough to allow for expansion without straining.  If 
mechanical grooved pipe coupling systems are provided, the deviation from 
design requirements for expansion and contraction may be allowed pending 
approval of Contracting Officer.
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3.1.1.7   Thrust Restraint

Plugs, caps, tees, valves and bends deflecting 11.25 degrees or more, 
either vertically or horizontally, in waterlines  4 inches  in diameter or 
larger shall be provided with thrust blocks, where indicated, to prevent 
movement.  Thrust blocking shall be concrete of a mix not leaner than:  1 
cement, 2-1/2 sand, 5 gravel; and having a compressive strength of not 
less than  2000 psi  after 28 days.  Blocking shall be placed between solid 
ground and the fitting to be anchored.  Unless otherwise indicated or 
directed, the base and thrust bearing sides of the thrust block shall be 
poured against undisturbed earth.  The side of the thrust block not 
subject to thrust shall be poured against forms.  The area of bearing will 
be as shown.  Blocking shall be placed so that the joints of the fitting 
are accessible for repair.  Steel rods and clamps, protected by 
galvanizing or by coating with bituminous paint, shall be used to anchor 
vertical down bends into gravity thrust blocks.

3.1.1.8   Commercial-Type Water Hammer Arresters

Commercial-type water hammer arresters shall be provided on hot- and 
cold-water supplies and shall be located as generally indicated, with 
precise location and sizing to be in accordance with PDI WH 201 .  Water 
hammer arresters, where concealed, shall be accessible by means of access 
doors or removable panels.  Commercial-type water hammer arresters shall 
conform to ASSE 1010 .  Vertical capped pipe columns will not be permitted.

3.1.2   Joints

Installation of pipe and fittings shall be made in accordance with the 
manufacturer's recommendations.  Mitering of joints for elbows and 
notching of straight runs of pipe for tees will not be permitted.  Joints 
shall be made up with fittings of compatible material and made for the 
specific purpose intended.

3.1.2.1   Threaded

Threaded joints shall have American Standard taper pipe threads conforming 
to ASME B1.20.1 .  Only male pipe threads shall be coated with graphite or 
with an approved graphite compound, or with an inert filler and oil, or 
shall have a polytetrafluoroethylene tape applied.

3.1.2.2   Mechanical Couplings

Mechanical couplings may be used in conjunction with grooved pipe for 
aboveground, ferrous or non-ferrous, domestic hot and cold water systems, 
in lieu of unions, brazed, soldered, welded, flanged, or threaded joints.

Mechanical couplings are permitted in accessible locations including 
behind access plates.  Flexible grooved joints will not be permitted, 
except as vibration isolators adjacent to mechanical equipment.  Rigid 
grooved joints shall incorporate an angle bolt pad design which maintains 
metal-to-metal contact with equal amount of pad offset of housings upon 
installation to ensure positive rigid clamping of the pipe.

Designs which can only clamp on the bottom of the groove or which utilize 
gripping teeth or jaws, or which use misaligned housing bolt holes, or 
which require a torque wrench or torque specifications will not be 
permitted.
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Grooved fittings and couplings, and grooving tools shall be provided from 
the same manufacturer.  Segmentally welded elbows shall not be used.  
Grooves shall be prepared in accordance with the coupling manufacturer's 
latest published standards.  Grooving shall be performed by qualified 
grooving operators having demonstrated proper grooving procedures in 
accordance with the tool manufacturer's recommendations.

The Contracting Officer shall be notified 24 hours in advance of test to 
demonstrate operator's capability, and the test shall be performed at the 
work site, if practical, or at a site agreed upon.  The operator shall 
demonstrate the ability to properly adjust the grooving tool, groove the 
pipe, and to verify the groove dimensions in accordance with the coupling 
manufacturer's specifications.

3.1.2.3   Unions and Flanges

Unions, flanges and mechanical couplings shall not be concealed in walls, 
ceilings, or partitions.  Unions shall be used on pipe sizes  2-1/2 inches  
and smaller; flanges shall be used on pipe sizes  3 inches  and larger.

3.1.2.4   Grooved Mechanical Joints

Grooves shall be prepared according to the coupling manufacturer's 
instructions.  Grooved fittings, couplings, and grooving tools shall be 
products of the same manufacturer.  Pipe and groove dimensions shall 
comply with the tolerances specified by the coupling manufacturer.  The 
diameter of grooves made in the field shall be measured using a "go/no-go" 
gauge, vernier or dial caliper, narrow-land micrometer, or other method 
specifically approved by the coupling manufacturer for the intended 
application.  Groove width and dimension of groove from end of pipe shall 
be measured and recorded for each change in grooving tool setup to verify 
compliance with coupling manufacturer's tolerances.  Grooved joints shall 
not be used in concealed locations.

3.1.2.5   Cast Iron Soil, Waste and Vent Pipe

Bell and spigot compression and hubless gasketed clamp joints for soil, 
waste and vent piping shall be installed per the manufacturer's 
recommendations.

3.1.2.6   Copper Tube and Pipe

a.  Brazed.  Brazed joints shall be made in conformance with AWS B2.2/B2.2M , 
ASME B16.50 , and CDA A4015 with flux and are acceptable for all pipe 
sizes.  Copper to copper joints shall include the use of 
copper-phosphorus or copper-phosphorus-silver brazing metal without 
flux.  Brazing of dissimilar metals (copper to bronze or brass) shall 
include the use of flux with either a copper-phosphorus, 
copper-phosphorus-silver or a silver brazing filler metal.

b.  Soldered.  Soldered joints shall be made with flux and are only 
acceptable for piping  2 inches  and smaller.  Soldered joints shall 
conform to ASME B31.5  and CDA A4015.  Soldered joints shall not be 
used in compressed air piping between the air compressor and the 
receiver.

c.  Copper Tube Extracted Joint.  Mechanically extracted joints shall be 
made in accordance with ICC IPC .
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d.  Press connection.  Copper press connections shall be made in strict  
accordance with the manufacturer's installation instructions for 
manufactured rated size.  The joints shall be pressed using the 
tool(s) approved by the manufacturer of that joint .  Minimum distance 
between fittings shall be in accordance with the manufacturer's 
requirements.

3.1.2.7   Plastic Pipe

Acrylonitrile-Butadiene-Styrene (ABS) pipe shall have joints made with 
solvent cement.  PVC and CPVC pipe shall have joints made with solvent 
cement elastomeric, threading, (threading of Schedule 80 Pipe is allowed 
only where required for disconnection and inspection; threading of 
Schedule 40 Pipe is not allowed), or mated flanged.

3.1.2.8   Polypropylene Pipe

Joints for polypropylene pipe and fittings shall be made by heat fusion 
welding socket-type or butt-fusion type fittings and shall comply with 
ASTM F2389.

3.1.2.9   Other Joint Methods

3.1.3   Dissimilar Pipe Materials

Connections between ferrous and non-ferrous copper water pipe shall be 
made with dielectric unions or flange waterways.  Dielectric waterways 
shall have temperature and pressure rating equal to or greater than that 
specified for the connecting piping.  Waterways shall have metal 
connections on both ends suited to match connecting piping.  Dielectric 
waterways shall be internally lined with an insulator specifically 
designed to prevent current flow between dissimilar metals.  Dielectric 
flanges shall meet the performance requirements described herein for 
dielectric waterways.  Connecting joints between plastic and metallic pipe 
shall be made with transition fitting for the specific purpose.

3.1.4   Corrosion Protection for Buried Pipe and Fittings

Ductile iron, cast iron, and steel pipe, fittings, and joints shall have a 
protective coating.  Additionally, ductile iron, cast iron, and steel 
pressure pipe shall have a cathodic protection system and joint bonding.  
The cathodic protection system, protective coating system, and joint 
bonding for cathodically protected pipe shall be in accordance with   .  
Coatings shall be selected, applied, and inspected in accordance with 
NACE SP0169 and as otherwise specified.  The pipe shall be cleaned and the 
coating system applied prior to pipe tightness testing.  Joints and 
fittings shall be cleaned and the coating system applied after pipe 
tightness testing.  For tape coating systems, the tape shall conform to 
AWWA C203 and shall be applied with a 50 percent overlap.  Primer utilized 
with tape type coating systems shall be as recommended by the tape 
manufacturer.

3.1.5   Pipe Sleeves and Flashing

Pipe sleeves shall be furnished and set in their proper and permanent 
location.
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3.1.5.1   Sleeve Requirements

Unless indicated otherwise, provide pipe sleeves meeting the following 
requirements:

Secure sleeves in position and location during construction.   Provide 
sleeves of sufficient length to pass through entire thickness of walls, 
ceilings, roofs, and floors.  

A modular mechanical type sealing assembly may be installed in lieu of a 
waterproofing clamping flange and caulking and sealing of annular space 
between pipe and sleeve.  The seals shall consist of interlocking 
synthetic rubber links shaped to continuously fill the annular space 
between the pipe and sleeve using galvanized steel bolts, nuts, and 
pressure plates.  The links shall be loosely assembled with bolts to form 
a continuous rubber belt around the pipe with a pressure plate under each 
bolt head and each nut.  After the seal assembly is properly positioned in 
the sleeve, tightening of the bolt shall cause the rubber sealing elements 
to expand and provide a watertight seal between the pipe and the sleeve.  
Each seal assembly shall be sized as recommended by the manufacturer to 
fit the pipe and sleeve involved.

 Sleeves shall not be installed in structural members, except where 
indicated or approved.  Rectangular and square openings shall be as 
detailed.  Each sleeve shall extend through its respective floor, or roof, 
and shall be cut flush with each surface, except for special 
circumstances. Pipe sleeves passing through floors in wet areas such as 
mechanical equipment rooms, lavatories, kitchens, and other plumbing 
fixture areas shall extend a minimum of  4 inches  above the finished floor.

 Unless otherwise indicated, sleeves shall be of a size to provide a 
minimum of  1/4 inch   clearance between bare pipe or insulation and inside 
of sleeve or between insulation and inside of sleeve.  Sleeves in bearing 
walls and concrete slab on grade floors shall be steel pipe or cast-iron 
pipe.  Sleeves in nonbearing walls or ceilings may be steel pipe, 
cast-iron pipe, galvanized sheet metal with lock-type longitudinal seam, 
or plastic.

Except as otherwise specified, the annular space between pipe and sleeve, 
or between jacket over insulation and sleeve, shall be sealed as indicated 
with sealants conforming to ASTM C920 and with a primer, backstop material 
and surface preparation as specified in Section 07 92 00  JOINT SEALANTS.  
The annular space between pipe and sleeve, between bare insulation and 
sleeve or between jacket over insulation and sleeve shall not be sealed 
for interior walls which are not designated as fire rated.

Sleeves through below-grade walls in contact with earth shall be recessed  
1/2 inch  from wall surfaces on both sides.  Annular space between pipe and 
sleeve shall be filled with backing material and sealants in the joint 
between the pipe and  wall as specified above.  Sealant selected for the 
earth side of the wall shall be compatible with dampproofing/waterproofing 
materials that are to be applied over the joint sealant.  Pipe sleeves in 
fire-rated walls shall conform to the requirements in Section 07 84 00  
FIRESTOPPING.

3.1.5.2   Flashing Requirements

Pipes passing through roof shall be installed through a  16 ounce  copper 
flashing, each within an integral skirt or flange.  Flashing shall be 
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suitably formed, and the skirt or flange shall extend not less than  8 
inches  from the pipe and shall be set over the roof or floor membrane in a 
solid coating of bituminous cement.  The flashing shall extend up the pipe 
a minimum of  10 inches .  For cleanouts, the flashing shall be turned down 
into the hub and caulked after placing the ferrule.  Pipes passing through 
pitched roofs shall be flashed, using lead or copper flashing, with an 
adjustable integral flange of adequate size to extend not less than  8 
inches  from the pipe in all directions and lapped into the roofing to 
provide a watertight seal.  The annular space between the flashing and the 
bare pipe or between the flashing and the metal-jacket-covered insulation 
shall be sealed as indicated.  Flashing for dry vents shall be turned down 
into the pipe to form a waterproof joint.  Pipes, up to and including  10 
inches  in diameter, passing through roof or floor waterproofing membrane 
may be installed through a cast-iron sleeve with caulking recess, anchor 
lugs, flashing-clamp device, and pressure ring with brass bolts.  Flashing 
shield shall be fitted into the sleeve clamping device.  Pipes passing 
through wall waterproofing membrane shall be sleeved as described above.  
A waterproofing clamping flange shall be installed.

3.1.5.3   Waterproofing

Waterproofing at floor-mounted water closets shall be accomplished by 
forming a flashing guard from soft-tempered sheet copper.  The center of 
the sheet shall be perforated and turned down approximately  1-1/2 inches  
to fit between the outside diameter of the drainpipe and the inside 
diameter of the cast-iron or steel pipe sleeve.  The turned-down portion 
of the flashing guard shall be embedded in sealant to a depth of 
approximately  1-1/2 inches ; then the sealant shall be finished off flush 
to floor level between the flashing guard and drainpipe.  The flashing 
guard of sheet copper shall extend not less than  8 inches  from the 
drainpipe and shall be lapped between the floor membrane in a solid 
coating of bituminous cement.  If cast-iron water closet floor flanges are 
used, the space between the pipe sleeve and drainpipe shall be sealed with 
sealant and the flashing guard shall be upturned approximately  1-1/2 inches
 to fit the outside diameter of the drainpipe and the inside diameter of 
the water closet floor flange.  The upturned portion of the sheet fitted 
into the floor flange shall be sealed.

3.1.5.4   Optional Counterflashing

Instead of turning the flashing down into a dry vent pipe, or caulking and 
sealing the annular space between the pipe and flashing or 
metal-jacket-covered insulation and flashing, counterflashing may be 
accomplished by utilizing the following:

a.  A standard roof coupling for threaded pipe up to  6 inches  in diameter.

b.  A tack-welded or banded-metal rain shield around the pipe.

3.1.5.5   Pipe Penetrations of Slab on Grade Floors

Where pipes, fixture drains, floor drains, cleanouts or similar items 
penetrate slab on grade floors, except at penetrations of floors with 
waterproofing membrane as specified in paragraphs FLASHING REQUIREMENTS 
and WATERPROOFING, a groove  1/4 to 1/2 inch  wide by  1/4 to 3/8 inch  deep 
shall be formed around the pipe, fitting or drain.  The groove shall be 
filled with a sealant as specified in Section 07 92 00  JOINT SEALANTS.
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3.1.5.6   Pipe Penetrations

Provide sealants for all pipe penetrations.  All pipe penetrations shall 
be sealed to prevent infiltration of air, insects, and vermin.

3.1.6   Fire Seal

Where pipes pass through fire walls, fire-partitions, fire-rated pipe 
chase walls or floors above grade, a fire seal shall be provided as 
specified in Section 07 84 00  FIRESTOPPING.

3.1.7   Supports

3.1.7.1   General

Hangers used to support piping  2 inches  and larger shall be fabricated to 
permit adequate adjustment after erection while still supporting the 
load.  Pipe guides and anchors shall be installed to keep pipes in 
accurate alignment, to direct the expansion movement, and to prevent 
buckling, swaying, and undue strain.  Piping subjected to vertical 
movement when operating temperatures exceed ambient temperatures shall be 
supported by variable spring hangers and supports or by constant support 
hangers.  In the support of multiple pipe runs on a common base member, a 
clip or clamp shall be used where each pipe crosses the base support 
member.  Spacing of the base support members shall not exceed the hanger 
and support spacing required for an individual pipe in the multiple pipe 
run.  Threaded sections of rods shall not be formed or bent.

3.1.7.2   Pipe Supports and Structural Bracing, Seismic Requirements

Piping and attached valves shall be supported and braced to resist seismic 
loads as specified in Section 13 48 00  SEISMIC BRACING FOR MISCELLANEOUS 
EQUIPMENT and  as shown.  Structural steel required for reinforcement to 
properly support piping, headers, and equipment, but not shown, shall be 
provided.  Material used for supports shall be as specified . .

3.1.7.3   Pipe Hangers, Inserts, and Supports

Installation of pipe hangers, inserts and supports shall conform to 
MSS SP-58  except as modified herein.

a.  Types 5, 12, and 26 shall not be used.

b.  Type 3 shall not be used on insulated pipe.

c.  Type 18 inserts shall be secured to concrete forms before concrete is 
placed.  Continuous inserts which allow more adjustment may be used if 
they otherwise meet the requirements for type 18 inserts.

d.  Type 19 and 23 C-clamps shall be torqued per MSS SP-58  and shall have 
both locknuts and retaining devices furnished by the manufacturer.  
Field-fabricated C-clamp bodies or retaining devices are not 
acceptable.

e.  Type 20 attachments used on angles and channels shall be furnished 
with an added malleable-iron heel plate or adapter.

f.  Type 24 may be used only on trapeze hanger systems or on fabricated 
frames.
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g.  Type 39 saddles shall be used on insulated pipe  4 inches  and larger 
when the temperature of the medium is  60 degrees F  or higher.  Type 39 
saddles shall be welded to the pipe.

h.  Type 40 shields shall:

(1) Be used on insulated pipe less than  4 inches .

(2) Be used on insulated pipe  4 inches  and larger when the temperature 
of the medium is  60 degrees F  or less.

(3) Have a high density insert for all pipe sizes.  High density 
inserts shall have a density of  8 pcf  or greater.

i.  Horizontal pipe supports shall be spaced as specified in MSS SP-58  and 
a support shall be installed not over  1 foot  from the pipe fitting 
joint at each change in direction of the piping.  Pipe supports shall 
be spaced not over  5 feet  apart at valves.  Operating temperatures in 
determining hanger spacing for PVC or CPVC pipe shall be  120 degrees F  
for PVC and  180 degrees F  for CPVC.  Horizontal pipe runs shall 
include allowances for expansion and contraction.

j.  Vertical pipe shall be supported at each floor, except at 
slab-on-grade, at intervals of not more than  15 feet  nor more than  8 
feet  from end of risers, and at vent terminations.  Vertical pipe 
risers shall include allowances for expansion and contraction.

k.  Type 35 guides using steel, reinforced polytetrafluoroethylene (PTFE) 
or graphite slides shall be provided to allow longitudinal pipe 
movement.  Slide materials shall be suitable for the system operating 
temperatures, atmospheric conditions, and bearing loads encountered.  
Lateral restraints shall be provided as needed.  Where steel slides do 
not require provisions for lateral restraint the following may be used:

(1) On pipe  4 inches  and larger when the temperature of the medium is  
60 degrees F  or higher, a Type 39 saddle, welded to the pipe, may 
freely rest on a steel plate.

(2) On pipe less than  4 inches  a Type 40 shield, attached to the pipe 
or insulation, may freely rest on a steel plate.

(3) On pipe  4 inches  and larger carrying medium less that  60 degrees F  
a Type 40 shield, attached to the pipe or insulation, may freely 
rest on a steel plate.

l.  Pipe hangers on horizontal insulated pipe shall be the size of the 
outside diameter of the insulation.  The insulation shall be 
continuous through the hanger on all pipe sizes and applications.

m.  Where there are high system temperatures and welding to piping is not 
desirable, the type 35 guide shall include a pipe cradle, welded to 
the guide structure and strapped securely to the pipe.  The pipe shall 
be separated from the slide material by at least  4 inches  or by an 
amount adequate for the insulation, whichever is greater.

n.  Hangers and supports for plastic pipe shall not compress, distort, cut 
or abrade the piping, and shall allow free movement of pipe except 
where otherwise required in the control of expansion/contraction.
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3.1.7.4   Structural Attachments

Attachment to building structure concrete and masonry shall be by cast-in 
concrete inserts, built-in anchors, or masonry anchor devices.  Inserts 
and anchors shall be applied with a safety factor not less than 5.  
Supports shall not be attached to metal decking.  Supports shall not be 
attached to the underside of concrete filled floor or concrete roof decks 
unless approved by the Contracting Officer.  Masonry anchors for overhead 
applications shall be constructed of ferrous materials only.

3.1.8   Welded Installation

Plumbing pipe weldments shall be as indicated.  Changes in direction of 
piping shall be made with welding fittings only; mitering or notching pipe 
to form elbows and tees or other similar type construction will not be 
permitted.  Branch connection may be made with either welding tees or 
forged branch outlet fittings.  Branch outlet fittings shall be forged, 
flared for improvement of flow where attached to the run, and reinforced 
against external strains.  Beveling, alignment, heat treatment, and 
inspection of weld shall conform to ASME B31.1 .  Weld defects shall be 
removed and repairs made to the weld, or the weld joints shall be entirely 
removed and rewelded.  After filler metal has been removed from its 
original package, it shall be protected or stored so that its 
characteristics or welding properties are not affected.  Electrodes that 
have been wetted or that have lost any of their coating shall not be used.

3.1.9   Pipe Cleanouts

Pipe cleanouts shall be the same size as the pipe except that cleanout 
plugs larger than  4 inches  will not be required.  A cleanout installed in 
connection with cast-iron soil pipe shall consist of a long-sweep 1/4 bend 
or one or two 1/8 bends extended to the place shown.  An extra-heavy 
cast-brass or cast-iron ferrule with countersunk cast-brass head screw 
plug shall be caulked into the hub of the fitting and shall be flush with 
the floor.  Cleanouts in connection with other pipe, where indicated, 
shall be T-pattern, 90-degree branch drainage fittings with cast-brass 
screw plugs, except plastic plugs shall be installed in plastic pipe.  
Plugs shall be the same size as the pipe up to and including  4 inches .  
Cleanout tee branches with screw plug shall be installed at the foot of 
soil and waste stacks, at the foot of interior downspouts, on each 
connection to building storm drain where interior downspouts are 
indicated, and on each building drain outside the building.  Cleanout tee 
branches may be omitted on stacks in single story buildings with 
slab-on-grade construction or where less than  18 inches  of crawl space is 
provided under the floor.  Cleanouts on pipe concealed in partitions shall 
be provided with chromium plated bronze, nickel bronze, nickel brass or 
stainless steel flush type access cover plates.  Round access covers shall 
be provided and secured to plugs with securing screw.  Square access 
covers may be provided with matching frames, anchoring lugs and cover 
screws.  Cleanouts in finished walls shall have access covers and frames 
installed flush with the finished wall.  Cleanouts installed in finished 
floors subject to foot traffic shall be provided with a chrome-plated cast 
brass, nickel brass, or nickel bronze cover secured to the plug or cover 
frame and set flush with the finished floor.  Heads of fastening screws 
shall not project above the cover surface.  Where cleanouts are provided 
with adjustable heads, the heads shall be cast iron .
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3.2   WATER HEATERS AND HOT WATER STORAGE TANKS

3.2.1   Relief Valves

No valves shall be installed between a relief valve and its water heater 
or storage tank.  The P&T relief valve shall be installed where the valve 
actuator comes in contact with the hottest water in the heater.  Whenever 
possible, the relief valve shall be installed directly in a tapping in the 
tank or heater; otherwise, the P&T valve shall be installed in the 
hot-water outlet piping.  A vacuum relief valve shall be provided on the 
cold water supply line to the hot-water storage tank or water heater and 
mounted above and within  6 inches  above the top of the tank or water 
heater.

3.2.2   Heat Traps

Piping to and from each water heater and hot water storage tank shall be 
routed horizontally and downward a minimum of  2 feet  before turning in an 
upward direction.

3.2.3   Connections to Water Heaters

Connections of metallic pipe to water heaters shall be made with 
dielectric unions or flanges.

3.2.4   Expansion Tank

A pre-charged expansion tank shall be installed on the cold water supply 
between the water heater inlet and the cold water supply shut-off valve.  
The Contractor shall adjust the expansion tank air pressure, as 
recommended by the tank manufacturer, to match incoming water pressure.

3.3   FIXTURES AND FIXTURE TRIMMINGS

Polished chromium-plated pipe, valves, and fittings shall be provided 
where exposed to view.  Angle stops, straight stops, stops integral with 
the faucets, or concealed type of lock-shield, and loose-key pattern stops 
for supplies with threaded, sweat or solvent weld inlets shall be 
furnished and installed with fixtures.  Where connections between copper 
tubing and faucets are made by rubber compression fittings, a beading tool 
shall be used to mechanically deform the tubing above the compression 
fitting.  Exposed traps and supply pipes for fixtures and equipment shall 
be connected to the rough piping systems at the wall, unless otherwise 
specified under the item.  Floor and wall escutcheons shall be as 
specified.  Drain lines and hot water lines of fixtures for handicapped 
personnel shall be insulated and do not require polished chrome finish.  
Plumbing fixtures and accessories shall be installed within the space 
shown.

3.3.1   Fixture Connections

Where space limitations prohibit standard fittings in conjunction with the 
cast-iron floor flange, special short-radius fittings shall be provided.  
Connections between earthenware fixtures and flanges on soil pipe shall be 
made gastight and watertight with a closet-setting compound or neoprene 
gasket and seal.  Use of natural rubber gaskets or putty will not be 
permitted.  Fixtures with outlet flanges shall be set the proper distance 
from floor or wall to make a first-class joint with the closet-setting 
compound or gasket and fixture used.
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3.3.2   Flushometer Valves

Flushometer valves shall be secured to prevent movement by anchoring the 
long finished top spud connecting tube to wall adjacent to valve with 
approved metal bracket.  Flushometer valves for water closets shall be 
installed  39 inches  above the floor, except at water closets intended for 
use by the physically handicapped where flushometer valves shall be 
mounted at approximately  30 inches  above the floor and arranged to avoid 
interference with grab bars.  In addition, for water closets intended for 
handicap use, the flush valve handle shall be installed on the wide side 
of the enclosure.

3.3.3   Height of Fixture Rims Above Floor

Lavatories shall be mounted with rim  31 inches  above finished floor.  
Wall-hung drinking fountains and water coolers shall be installed with rim  
42 inches  above floor.  Wall-hung service sinks shall be mounted with rim  
28 inches  above the floor.  Installation of fixtures for use by the 
physically handicapped shall be in accordance with ICC A117.1 COMM .

3.3.4   Fixture Supports

Fixture supports for off-the-floor lavatories, urinals, water closets, and 
other fixtures of similar size, design, and use, shall be of the 
chair-carrier type.  The carrier shall provide the necessary means of 
mounting the fixture, with a foot or feet to anchor the assembly to the 
floor slab.  Adjustability shall be provided to locate the fixture at the 
desired height and in proper relation to the wall.  Support plates, in 
lieu of chair carrier, shall be fastened to the wall structure only where 
it is not possible to anchor a floor-mounted chair carrier to the floor 
slab.

3.3.4.1   Support for Steel Stud Frame Partitions

Chair carrier shall be used.  The anchor feet and tubular uprights shall 
be of the heavy duty design; and feet (bases) shall be steel and welded to 
a square or rectangular steel tube upright.  Wall plates, in lieu of 
floor-anchored chair carriers, shall be used only if adjoining steel 
partition studs are suitably reinforced to support a wall plate bolted to 
these studs.

3.3.4.2   Support for Wood Stud Construction

Where floor is a concrete slab, a floor-anchored chair carrier shall be 
used.  Where entire construction is wood, wood crosspieces shall be 
installed.  Fixture hanger plates, supports, brackets, or mounting lugs 
shall be fastened with not less than No. 10 wood screws,  1/4 inch  thick 
minimum steel hanger, or toggle bolts with nut.  The wood crosspieces 
shall extend the full width of the fixture and shall be securely supported.

3.3.4.3   Wall-Mounted Water Closet Gaskets

Where wall-mounted water closets are provided, reinforced wax, treated 
felt, or neoprene gaskets shall be provided.  The type of gasket furnished 
shall be as recommended by the chair-carrier manufacturer.
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3.3.5   Backflow Prevention Devices

Plumbing fixtures, equipment, and pipe connections shall not cross connect 
or interconnect between a potable water supply and any source of 
nonpotable water.  Backflow preventers shall be installed where indicated 
and in accordance with  at all other locations necessary to preclude a 
cross-connect or interconnect between a potable water supply and any 
nonpotable substance.  In addition backflow preventers shall be installed 
at all locations where the potable water outlet is below the flood level 
of the equipment, or where the potable water outlet will be located below 
the level of the nonpotable substance.  Backflow preventers shall be 
located so that no part of the device will be submerged.  Backflow 
preventers shall be of sufficient size to allow unrestricted flow of water 
to the equipment, and preclude the backflow of any nonpotable substance 
into the potable water system.  Bypass piping shall not be provided around 
backflow preventers.  Access shall be provided for maintenance and 
testing.  Each device shall be a standard commercial unit.

3.3.6   Access Panels

Access panels shall be provided for concealed valves and controls, or any 
item requiring inspection or maintenance.  Access panels shall be of 
sufficient size and located so that the concealed items may be serviced, 
maintained, or replaced.  .

3.3.7   Sight Drains

Sight drains shall be installed so that the indirect waste will terminate  
2 inches  above the flood rim of the funnel to provide an acceptable air 
gap.

3.3.8   Traps

Each trap shall be placed as near the fixture as possible, and no fixture 
shall be double-trapped.  Traps installed on cast-iron soil pipe shall be 
cast iron.  Traps installed on steel pipe or copper tubing shall be 
recess-drainage pattern, or brass-tube type.  Traps installed on plastic 
pipe may be plastic conforming to ASTM D3311.  Traps for acid-resisting 
waste shall be of the same material as the pipe.

3.4   IDENTIFICATION SYSTEMS

3.4.1   Identification Tags

Identification tags made of brass, engraved laminated plastic, or engraved 
anodized aluminum, indicating service and valve number shall be installed 
on valves, except those valves installed on supplies at plumbing fixtures. 
Tags shall be  1-3/8 inch  minimum diameter, and marking shall be stamped or 
engraved.  Indentations shall be black, for reading clarity.  Tags shall 
be attached to valves with No. 12 AWG, copper wire, chrome-plated beaded 
chain, or plastic straps designed for that purpose.

3.4.2   Pipe Color Code Marking

Color code marking of piping shall be as specified in Section 09 90 00  
PAINTS AND COATINGS.
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3.4.3   Color Coding Scheme for Locating Hidden Utility Components

Scheme shall be provided in buildings having suspended grid ceilings.  The 
color coding scheme shall identify points of access for maintenance and 
operation of operable components which are not visible from the finished 
space and installed in the space directly above the suspended grid 
ceiling. The operable components shall include valves, dampers, switches, 
linkages and thermostats.  The color coding scheme shall consist of a 
color code board and colored metal disks.  Each colored metal disk shall 
be approximately  3/8 inch  in diameter and secured to removable ceiling 
panels with fasteners.  The fasteners shall be inserted into the ceiling 
panels so that the fasteners will be concealed from view.  The fasteners 
shall be manually removable without tools and shall not separate from the 
ceiling panels when panels are dropped from ceiling height.  Installation 
of colored metal disks shall follow completion of the finished surface on 
which the disks are to be fastened.  The color code board shall have the 
approximate dimensions of  3 foot  width,  30 inches  height, and  1/2 inch  
thickness.  The board shall be made of wood fiberboard and framed under 
glass or  1/16 inch  transparent plastic cover.  Unless otherwise directed, 
the color code symbols shall be approximately  3/4 inch  in diameter and the 
related lettering in  1/2 inch  high capital letters.  The color code board 
shall be mounted and located in the mechanical or equipment room. 

3.5   ESCUTCHEONS

Escutcheons shall be provided at finished surfaces where bare or insulated 
piping, exposed to view, passes through floors, walls, or ceilings, except 
in boiler, utility, or equipment rooms.  Escutcheons shall be fastened 
securely to pipe or pipe covering and shall be satin-finish, 
corrosion-resisting steel, polished chromium-plated zinc alloy, or 
polished chromium-plated copper alloy.  Escutcheons shall be either 
one-piece or split-pattern, held in place by internal spring tension or 
setscrew.

3.6   PAINTING

Painting of pipes, hangers, supports, and other iron work, either in 
concealed spaces or exposed spaces, is specified in Section 09 90 00  
PAINTS AND COATINGS.

3.6.1   Painting of New Equipment

New equipment painting shall be factory applied or shop applied, and shall 
be as specified herein, and provided under each individual section.

3.6.1.1   Factory Painting Systems

Manufacturer's standard factory painting systems may be provided subject 
to certification that the factory painting system applied will withstand 
125 hours in a salt-spray fog test, except that equipment located outdoors 
shall withstand 500 hours in a salt-spray fog test.  Salt-spray fog test 
shall be in accordance with ASTM B117, and for that test the acceptance 
criteria shall be as follows:  immediately after completion of the test, 
the paint shall show no signs of blistering, wrinkling, or cracking, and 
no loss of adhesion; and the specimen shall show no signs of rust creepage 
beyond  0.125 inch  on either side of the scratch mark.

The film thickness of the factory painting system applied on the equipment 
shall not be less than the film thickness used on the test specimen.  If 
manufacturer's standard factory painting system is being proposed for use 

SECTION 22 00 00  Page 39



Hill Air Force Base, UT, Building 591 HILL591

on surfaces subject to temperatures above  120 degrees F , the factory 
painting system shall be designed for the temperature service.

3.6.1.2   Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of  120 degrees F  shall be cleaned to 
bare metal.

Where more than one coat of paint is specified, apply the second coat 
after the preceding coat is thoroughly dry.  Lightly sand damaged painting 
and retouch before applying the succeeding coat. Color of finish coat 
shall be aluminum or light gray.

a.  Temperatures Less Than  120 Degrees F : Immediately after cleaning, the 
metal surfaces subject to temperatures less than  120 degrees F  shall 
receive one coat of pretreatment primer applied to a minimum dry film 
thickness of  0.3 mil , one coat of primer applied to a minimum dry film 
thickness of  one mil ; and two coats of enamel applied to a minimum dry 
film thickness of  one mil  per coat.

b.  Temperatures Between  120 and 400 Degrees F :  Metal surfaces subject to 
temperatures between  120 and 400 degrees F  shall receive two coats of  
400 degrees F  heat-resisting enamel applied to a total minimum 
thickness of  2 mils .

c.  Temperatures Greater Than  400 Degrees F : Metal surfaces subject to 
temperatures greater than  400 degrees F  shall receive two coats of  600 
degrees F  heat-resisting paint applied to a total minimum dry film 
thickness of  2 mils .

3.7   TESTS, FLUSHING AND DISINFECTION

3.7.1   Plumbing System

The following tests shall be performed on the plumbing system in 
accordance with , except that the drainage and vent system final test 
shall include the smoke test.  The Contractor has the option to perform a 
peppermint test in lieu of the smoke test.  If a peppermint test is 
chosen, the Contractor must submit a testing procedure and reasons for 
choosing this option in lieu of the smoke test to the Contracting Officer 
for approval.

a.  Drainage and Vent Systems Test.  The final test shall include a smoke 
test.

b.  Building Sewers Tests.

c.  Water Supply Systems Tests.

3.7.1.1   Test of Backflow Prevention Assemblies

Backflow prevention assembly shall be tested using gauges specifically 
designed for the testing of backflow prevention assemblies .
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Backflow prevention assembly test gauges shall be tested annually for 
accuracy in accordance with the requirements of State or local regulatory 
agencies. If there is no State or local regulatory agency requirements, 
gauges shall be tested annually for accuracy in accordance with the 
requirements of University of Southern California's Foundation of Cross 
Connection Control and Hydraulic Research or the American Water Works 
Association Manual of Cross Connection (Manual M-14), or any other 
approved testing laboratory having equivalent capabilities for both 
laboratory and field evaluation of backflow prevention assembly test 
gauges.  Report form for each assembly shall include, as a minimum, the 
following:

Data on Device Data on Testing Firm

Type of Assembly Name

Manufacturer Address

Model Number Certified Tester

Serial Number Certified Tester No.

Size Date of Test

Location

Test Pressure Readings Serial Number and Test Data of Gauges

If the unit fails to meet specified requirements, the unit shall be 
repaired and retested.

 3.7.2   Defective Work

If inspection or test shows defects, such defective work or material shall 
be replaced or repaired as necessary and inspection and tests shall be 
repeated.  Repairs to piping shall be made with new materials.  Caulking 
of screwed joints or holes will not be acceptable .

3.7.3   System Flushing

3.7.3.1   During Flushing

Before operational tests or disinfection, potable water piping system 
shall be flushed with hot potable water.  Sufficient water shall be used 
to produce a water velocity that is capable of entraining and removing 
debris in all portions of the piping system.  This requires simultaneous 
operation of all fixtures on a common branch or main in order to produce a 
flushing velocity of approximately  4 fps  through all portions of the 
piping system.  In the event that this is impossible due to size of 
system, the Contracting Officer (or the designated representative) shall 
specify the number of fixtures to be operated during flushing.  Contractor 
shall provide adequate personnel to monitor the flushing operation and to 
ensure that drain lines are unobstructed in order to prevent flooding of 
the facility.  Contractor shall be responsible for any flood damage 
resulting from flushing of the system.  Flushing shall be continued until 
entrained dirt and other foreign materials have been removed and until 
discharge water shows no discoloration.  All faucets and drinking water 
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fountains, to include any device considered as an end point device by 
NSF/ANSI 61 , Section 9, shall be flushed a minimum of  0.25 gallons  per 24 
hour period, ten times over a 14 day period.

3.7.3.2   After Flushing

 System shall be drained at low points.  Strainer screens shall be 
removed, cleaned, and replaced.  After flushing and cleaning, systems 
shall be prepared for testing by immediately filling water piping with 
clean, fresh potable water.  Any stoppage, discoloration, or other damage 
to the finish, furnishings, or parts of the building due to the 
Contractor's failure to properly clean the piping system shall be repaired 
by the Contractor.  When the system flushing is complete, the hot-water 
system shall be adjusted for uniform circulation.  Flushing devices and 
automatic control systems shall be adjusted for proper operation according 
to manufacturer's instructions.  Flow rates on fixtures must not exceed 
those stated in PART 2 of this Section.  Unless more stringent local 
requirements exist, lead levels shall not exceed limits established by 
40 CFR 141.80  (c)(1).  The water supply to the building shall be tested 
separately to ensure that any lead contamination found during potable 
water system testing is due to work being performed inside the building.

3.7.4   Operational Test

Upon completion of flushing and prior to disinfection procedures, the 
Contractor shall subject the plumbing system to operating tests to 
demonstrate satisfactory installation, connections, adjustments, and 
functional and operational efficiency.  Such operating tests shall cover a 
period of not less than 8 hours for each system and shall include the 
following information in a report with conclusion as to the adequacy of 
the system:

a.  Time, date, and duration of test.

b.  Water pressures at the most remote and the highest fixtures.

c.  Operation of each fixture and fixture trim.

d.  Operation of each valve, hydrant, and faucet.

e.  Pump suction and discharge pressures.

f.  Temperature of each domestic hot-water supply.

g.  Operation of each floor and roof drain by flooding with water.

h.  Operation of each vacuum breaker and backflow preventer.

3.7.5   Disinfection

After all system components are provided and operational tests are 
complete, the entire domestic hot- and cold-water distribution system 
shall be disinfected.  Before introducing disinfecting chlorination 
material, entire system shall be flushed with potable water until any 
entrained dirt and other foreign materials have been removed.
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    Water chlorination procedure shall be in accordance with AWWA C651 and 
AWWA C652 as modified and supplemented by this specification.  The 
chlorinating material shall be hypochlorites or liquid chlorine. The 
chlorinating material shall be fed into the water piping system at a 
constant rate at a concentration of at least 50 parts per 
million (ppm) .  Feed a properly adjusted hypochlorite solution 
injected into the system with a hypochlorinator, or inject liquid 
chlorine into the system through a solution-feed chlorinator and 
booster pump until the entire system is completely filled .

    Test the chlorine residual level in the water at 6 hour intervals for 
a continuous period of 24 hours. If at the end of a 6 hour interval, 
the chlorine residual has dropped to less than 25 ppm, flush the 
piping including tanks with potable water, and repeat the above 
chlorination procedures.  During the chlorination period, each valve 
and faucet shall be opened and closed several times.

    After the second 24 hour period, verify that no less than 25 ppm 
chlorine residual remains in the treated system. The 24 hour 
chlorination procedure must be repeated until no less than 25 ppm 
chlorine residual remains in the treated system.

    Upon the specified verification, the system including tanks shall then 
be flushed with potable water until the residual chlorine level is 
reduced to less than one part per million.  During the flushing 
period, each valve and faucet shall be opened and closed several 
times.   

    Take additional samples of water in disinfected containers, for 
bacterial examination, at locations specified by the Contracting 
Officer
Test these samples for total coliform organisms (coliform bacteria, 
fecal coliform, streptococcal, and other bacteria) in accordance with 
AWWA 10084.  The testing method used shall be EPA approved for 
drinking water systems and shall comply with applicable local and 
state requirements.  

    Disinfection shall be repeated until bacterial tests indicate the 
absence of coliform organisms (zero mean coliform density per 100 
milliliters) in the samples for at least 2 full days.  The system will 
not be accepted until satisfactory bacteriological results have been 
obtained.

3.8   POSTED INSTRUCTIONS

Framed instructions under glass or in laminated plastic, including wiring 
and control diagrams showing the complete layout of the entire system, 
shall be posted where directed.  Condensed operating instructions 
explaining preventive maintenance procedures, methods of checking the 
system for normal safe operation, and procedures for safely starting and 
stopping the system shall be prepared in typed form, framed as specified 
above for the wiring and control diagrams and posted beside the diagrams.  
The framed instructions shall be posted before acceptance testing of the 
systems.

3.9   PERFORMANCE OF WATER HEATING EQUIPMENT

Standard rating condition terms are as follows:

SECTION 22 00 00  Page 43



Hill Air Force Base, UT, Building 591 HILL591

EF = Energy factor, minimum overall efficiency.

ET = Minimum thermal efficiency with  70 degrees F  delta T.

SL = Standby loss is maximum (Btu/h) based on a  70 degrees F  
temperature difference between stored water and ambient requirements.

V = Rated volume in gallons

Q = Nameplate input rate in kW (Btu/h)

3.9.1   Storage Water Heaters

3.9.1.1   Electric

a.  Storage capacity of  60 gallons  shall have a minimum energy factor (EF) 
of 0.93 or higher per FEMP requirements.

b.  Storage capacity of  60 gallons  or more shall have a minimum energy 
factor (EF) of 0.91 or higher per FEMP requirements.

3.9.2   Pool Heaters

a.  Gas/oil fuel, capacities and inputs:  ET shall be 78 percent per 
ASHRAE 146.

b.  Heat Pump,  All capacities and inputs shall meet a COP of 4.0 per 
ASHRAE 146

3.10   TABLES

TABLE I

PIPE AND FITTING MATERIALS FOR DRAINAGE, WASTE, VENT AND CONDENSATE DRAIN PIPING
SYSTEMS

Item 
#

Pipe and Fitting 
Materials

SERVICE 
A

SERVICE 
B

SERVICE 
C

SERVICE 
D

SERVICE 
E

SERVICE 
F

SERVICE G

1 Cast iron soil pipe 
and fittings, hub 
and spigot, ASTM A74 
with compression 
gaskets.  Pipe and 
fittings shall be 
marked with the 
CISPI trademark.

X X X X X

2 Cast iron soil pipe 
and fittings 
hubless, CISPI 301  
and ASTM A888. Pipe 
and fittings shall 
be marked with the 
CISPI trademark.

X X X X
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TABLE I

PIPE AND FITTING MATERIALS FOR DRAINAGE, WASTE, VENT AND CONDENSATE DRAIN PIPING
SYSTEMS

Item 
#

Pipe and Fitting 
Materials

SERVICE 
A

SERVICE 
B

SERVICE 
C

SERVICE 
D

SERVICE 
E

SERVICE 
F

SERVICE G

3 Cast iron drainage 
fittings, threaded, 
ASME B16.12  for use 
with Item 10

X X X

4 Cast iron screwed 
fittings (threaded) 
ASME B16.4  for use 
with Item 10

X X

5 Grooved pipe 
couplings, ferrous 
and non-ferrous pipe 
ASTM A536 And 
ASTM A47/A47M

X X X X

6 Ductile iron grooved 
joint fittings for 
ferrous pipe 
ASTM A536 and 
ASTM A47/A47M for 
use with Item 5

X X X X

7 Bronze sand casting 
grooved joint 
pressure fittings 
for non-ferrous pipe 
ASTM B584, for use 
with Item 5

X X X X

8 Wrought copper 
grooved joint 
pressure fittings 
for non-ferrous pipe 
ASTM B75/B75M 
C12200, 
ASTM B152/B152M , 
C11000, ASME B16.22  
ASME B16.22  for use 
with Item 5

X X
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TABLE I

PIPE AND FITTING MATERIALS FOR DRAINAGE, WASTE, VENT AND CONDENSATE DRAIN PIPING
SYSTEMS

Item 
#

Pipe and Fitting 
Materials

SERVICE 
A

SERVICE 
B

SERVICE 
C

SERVICE 
D

SERVICE 
E

SERVICE 
F

SERVICE G

9 Malleable-iron 
threaded fittings, 
galvanized ASME B16.3
 for use with Item 10

X X

10 Steel pipe, seamless 
galvanized, 
ASTM A53/A53M, Type 
S, Grade B

X X X

11 Seamless red brass 
pipe, ASTM B43

X X X

12 Bronzed flanged 
fittings, ASME B16.24
 for use with Items 
11 and 14

X X X

13 Cast copper alloy 
solder joint 
pressure fittings, 
ASME B16.18 for use 
with Item 14

X X X

14 Seamless copper 
pipe, ASTM B42

X X

15 Cast bronze threaded 
fittings, ASME B16.15

X X

16 Copper drainage 
tube, (DWV), 
ASTM B306

X* X X* X X X

17 Wrought copper and 
wrought alloy 
solder-joint 
drainage fittings.  
ASME B16.29

X X X X X X

18 Cast copper alloy 
solder joint 
drainage fittings, 
DWV, ASME B16.23

X X X X X X
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TABLE I

PIPE AND FITTING MATERIALS FOR DRAINAGE, WASTE, VENT AND CONDENSATE DRAIN PIPING
SYSTEMS

Item 
#

Pipe and Fitting 
Materials

SERVICE 
A

SERVICE 
B

SERVICE 
C

SERVICE 
D

SERVICE 
E

SERVICE 
F

SERVICE G

19 Acrylonitrile-Butadiene-Styrene 
(ABS) plastic drain, 
waste, and vent pipe 
and fittings 
ASTM D2661, ASTM F628

X X X X X X

20 Polyvinyl Chloride 
plastic drain, waste 
and vent pipe and 
fittings, ASTM D2665, 
ASTM F891, (Sch 40) 
ASTM F1760

X X X X X X X

21 Process glass pipe 
and fittings, 
ASTM C1053

X

22 High-silicon content 
cast iron pipe and 
fittings (hub and 
spigot, and    
mechanical joint), 
ASTM A518/A518M

X X X

23 Polypropylene (PP) 
waste pipe and 
fittings, ASTM D4101

X

24 Filament-wound 
reinforced 
thermosetting resin 
(RTRP) pipe, 
ASTM D2996

X

SERVICE:

    A - Underground Building Soil, Waste and Storm Drain
    B - Aboveground Soil, Waste, Drain In Buildings
    C - Underground Vent
    D - Aboveground Vent
    E - Interior Rainwater Conductors Aboveground
    F - Corrosive Waste And Vent Above And Belowground
    G - Condensate Drain Aboveground

* - Hard Temper
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TABLE III

STANDARD RATING CONDITIONS AND MINIMUM PERFORMANCE RATINGS FOR WATER HEATING EQUIPMENT

FUEL STORAGE 
CAPACITY 
GALLONS

INPUT RATING TEST PROCEDURE REQUIRED PERFORMANCE

A.  STORAGE WATER HEATERS

Elect. 60 max. 10 CFR 430 EF = 0.93

Elect. 60 min. 10 CFR 430 EF = 0.91

Elect. 20 min. 12 kW max. 10 CFR 430 EF = 0.93-0.00132V minimum

Elect. 20 min. 12 kW max. ANSI Z21.10.3/CSA 4.3
 (Addenda B)

SL = 20+35x(V^^1/2) maximum

TERMS:

EF = Energy factor, minimum overall efficiency.
ET = Minimum thermal efficiency with 70 degrees F delta T.
SL = Standby loss is maximum Btu/h based on a 70 degree F temperature difference 
between stored water and ambient requirements.
V = Rated storage volume in gallons
Q = Nameplate input rate in Btu/h

        -- End of Section --
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SECTION 22 05 48.00 20

MECHANICAL SOUND, VIBRATION, AND SEISMIC CONTROL
04/06

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 575 (2008) Method of Measuring Machinery Sound 
Within an Equipment Space

ANSI/AHRI 370 (2015; Addendum 1 2016) Sound Rating of 
Large Outdoor Refrigerating and 
Air-Conditioning Equipment

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 360 (2016) Specification for Structural Steel 
Buildings

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016) 
Structural Welding Code - Steel

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2014) Standard Specification for Carbon 
Structural Steel

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM C94/C94M (2018) Standard Specification for 
Ready-Mixed Concrete

ASTM D471 (2016a) Standard Test Method for Rubber 
Property - Effect of Liquids

ASTM D2240 (2015; E 2017) Standard Test Method for 
Rubber Property - Durometer Hardness

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1403 (2008) Accepted Industry Practice for 
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Industrial Duct Construction, 2nd Edition

SMACNA 1793 (2012) Architectural Sheet Metal Manual, 
7th Edition

SMACNA 1981 (2008) Seismic Restraint Manual Guidelines 
for Mechanical Systems, 3rd Edition

1.2   RELATED REQUIREMENTS

The provisions of Section 23 03 00.00 20  BASIC MECHANICAL MATERIALS AND 
METHODS apply to this section.

1.3   DEFINITIONS

1.3.1   Decibels dB

Measure of sound level.  Decibels are referenced to either 20 uPa for 
sound pressure levels or one pW for sound power levels.  dBA is the 
overall "A" weighted sound level.

1.3.2   Machinery

The vibration or noise producing equipment that must be isolated.

1.3.3   Manufacturer

The fabricator or supplier of vibration-isolation or seismic-protection 
materials and equipment.  For mechanical equipment and machinery the term 
machinery manufacturer will be used.

1.3.4   Micropascal uPa

10 to the minus 6 power newtons per square meter.

1.3.5   Picowatt pW

10 to the minus 12 power watts.

1.4   SYSTEM DESCRIPTION

1.4.1   Spring Isolator Data

For each type and size of spring isolator, submit the spring outside 
diameter, deflection, operating spring height, unloaded spring height, 
solid spring height, the ratio of the outside diameter to the operating 
spring height, the load to deflection ratio of the springs, and weight and 
sizes of structural steel members.

1.4.2   Machinery Manufacturer's Sound Data

For each piece of indicated machinery to be vibration isolated, the 
calculated sound power test data or sound pressure test data as levels in 
dB in the eight octave bands between 63 and 8,000 Hz.  Refer sound power 
levels to one pW and sound pressure levels to 20 uPa.  Submit the overall 
"A" weighted scale sound pressure level in dB.  Submit the standard test 
procedure used to obtain the sound power or pressure data for the 
applicable vibration isolation equipment size.
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1.4.3   Machinery

For each item of machinery, compare spring static deflections with the 
specified minimum static deflection, to show that the calculated spring 
static deflections are not less than the minimum static deflections 
specified.  Rated spring static deflections are not acceptable in lieu of 
calculated spring static deflections.  When seismic protection is 
required, substantiating calculations are required.

1.4.4   Machinery Vibration Criteria

TABLE 1A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Absorption 
Refrigeration 
Machines

SV-R 1.0 SV-R 1.75 SV-R 2.75

Centrifugal Chillers or Heat Pumps

Hermetic Type SV-B 1.75 SV-B 2.5 SV-B 3.5

Open Type SV-1 1.75 SV-I 2.5 SV-I 3.5

Reciprocating Air or Refrigeration Compressors

500 to 750 rpm S-R 1.75 S-R 2.5 S-R 3.5

751 rpm and up S-R 1.5 S-R 2.5 S-R 3.5

Reciprocating Chillers or Heat Pumps

500 to 750 rpm SV-R 1.75 SV-R 2.5 SV-R 3.5

751 rpm and up SV-R 1.5 SV-R 2.5 SV-R 3.5
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TABLE 1A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Packaged Boilers SV 1.0 SV 2.5 SV-R 3.5

Closed Coupled Pumps

Up to 7-1/2 hp S-I 1.0 S-I 1.0 S-I 1.0

Over 7-1/2 hp S-I 1.5 S-I 2.5 S-I 2.5

Base Mounted Pumps

Up to 20 hp S-I 1.5 S-I 2.5 S-I 2.5

20 to 75 hp S-I 1.5 S-I 2.5 S-I 3.5

Over 75 hp S-I 2.5 S-I 3.5 S-I 3.5

Cooling Towers and 
Evaporative Condensers

SV with deflections specified for centrifugal blowers 
when springs are supported on beams.  Use selection 
listed for column supported floors with up to 30 foot 
column spacing when springs are located on columns or 
bearing walls.

Factory Assembled Air Handling Equipment AH, AC and HV Units (Note (2))

Suspended Units

Up to 5 hp H 1.0 H 1.0 H 1.0

Over 5 hp

Up to 400 rpm H 1.75 H 1.75 H 1.75

Over 401 rpm H 1.0 H 1.5 H 2.5
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TABLE 1A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Floor Mounted Units

Up to 5 hp S 1.0 S 1.0 S 1.0

Over 5 hp

Up to 400 rpm S-R 1.75 S-R 1.75 S-R 2.5

Over 401 rpm S-R 1.0 S-R 1.5 S-R 2.5

Centrifugal Blowers

175 - 224 rpm S-B 4.75 S-B 4.75 S-B 4.75

225 - 299 rpm S-B 3.75 S-B 4.75 S-B 4.75

300 - 374 rpm S-B 2.75 S-B 4.5 S-B 4.75

375 - 499 rpm S-B 2.5 S-B 3.5 S-B 4.5

Over 500 rpm S-B 1.75 S-B 2.5 S-B 3.5

Tubular Centrifugal and Axial Fans (Note (2))

Suspended H with deflection specified for centrifugal blowers

Floor Mounted Arrangements 
1 & 9

S-B with deflections specified for centrifugal blowers

Utility Fans (Note (2))

Suspended H with deflections specified for centrifugal blowers but 
not to exceed 2.75 inches

Floor-Mounted S-R with deflections not specified for centrifugal 
blowers but not to exceed 2.75 inches
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TABLE 1A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

High Pressure Fans (6 Inch 
Water-Column Static 
Pressure) and Other  
Machineries Producing 
Thrust (Note (2))

HR recommended for minimizing undesirable thrust effects

Internal Combustion Engines and Engine Driven Equip

750 rpm and over S 1.5 S 2.5 S 3.5

Dimmer Banks and Transformers

Up to 1000 lbs. NM 0.35 NM 0.35 NM 3.5

Over 1000 lbs. SV 1.0 SV 1.0 SV 1.0

NOTES:

(1)  Equipment Vibration Isolation Schedule Designations (Hyphenated designations 
are combinations of the following:)

B  - Welded structural steel bases.

H  - Spring isolators (suspended equipment and piping).  Where required, provide 
with adjustable preloading devices.

HR - Thrust restraints

I  - Concrete inertia bases with steel forms.

NM - Neoprene mounts.

NP - Neoprene pads.

R  - Structural steel rail for equipment mounts.

S  - Freestanding spring isolators (floor-mounted equipment).

SV - Freestanding spring isolators (floor-mounted equipment).
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TABLE 1A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

SX - Freestanding spring isolators with adjustable cushioned vertical stops and 
cushioned horizontal stops (floor-mounted equipment.  Protected spring isolators SX 
may be substituted wherever S or SV is specified and shall meet all requirements.

(2)  Fans

a.   When fan motors are 75 hp or larger, use the deflection requirements for the 
next wider column spacing.  Except for building slab on grade a minimum of 2.5 
inches should be used unless larger deflections are specified in the centrifugal 
blower table.

b.   Provide sway brace isolators for tubular centrifugal and axial fans when the 
fan pressure exceeds 4 inches water column.

c.   Provide inertia bases for all fans in lieu of structural steel bases or rails 
specified above when the fan pressure exceeds 4 inches water column.

d.   With attaching brackets, suspension spring isolators bridge between the 
structure and the thrust-producing machinery such as high-pressure fan.  Both types 
H and HR normally provide reaction in tension, while types S, SV, and SX normally 
provide reaction in compression.  Thrust restraints are low-cost and effective 
components available from manufacturers.  Use thrust restraints to eliminate the 
need for or reduce the magnitude of inertia mass when the mass is only used to 
reduce the displacement effects of the thrust.

TABLE 1B

Class II Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for basements below grade and floor slabs on earth

Equipment Type (Note (1)) MSD

Absorption Refrigeration 
Machines

NP 0.25

NM 0.35
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TABLE 1B

Class II Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for basements below grade and floor slabs on earth

Equipment Type (Note (1)) MSD

Centrifugal Chillers or Heat Pumps

Hermetic Type NP 0.25

NM 0.35

Open Type NM-I 0.35

Reciprocating Air or Refrigeration Compressors

500 to 750 rpm S 1.0

751 rpm and up S 1.0

Reciprocating Chillers or Heat Pumps

500 to 750 rpm SV 1.0

751 rpm and up SV 1.0

Packaged Boilers NP 0.25

NM 0.35

Pumps

Closed Coupled NP 0.25

Up to 7 1/2 hp NM 0.35

Over 7 1/2 hp S-I 1.0

Base Mounted

Up to 20 hp S-I 1.0

20 to 75 hp S-I 1.0

Over 75 hp S-I 1.0

Cooling Towers and 
Evaporative Condensers

NP 0.25

NM 0.35

Factory Assembled Air Handling Equipment AH, AC and HV Units (Note (2))

Suspended Units

Up to 5 hp H 1.0

Over 5 hp

Up to 400 rpm H 1.75

Over 401 rpm H 1.0

Floor Mounted Units

Up to 5 hp NP 0.25

NM 0.35

Over 5 hp
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TABLE 1B

Class II Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for basements below grade and floor slabs on earth

Equipment Type (Note (1)) MSD

Up to 400 rpm NM 0.35

Over 401 rpm NM 0.35

Centrifugal Blowers

175 - 224 rpm NM-B 0.35

225 - 299 rpm NM-B 0.35

300 - 374 rpm NM-B 0.35

375 - 499 rpm NM-B 0.35

Over 500 rpm NM-B 0.35

Tubular Centrifugal and Axial Fans (Note (2))

Suspended H with deflections specified for centrifugal blowers

Floor Mounted Arrangements 
1 & 9

NM 0.35

Utility Fans (Note (2))

Suspended and centrifugal H with deflections specified for

Floor-Mounted NM 0.35

High Pressure Fans (Over 6 Inch Water-ColumnStatic 
Pressure) and Other Machineries Producing Thrust Note 
(2))

HR recommended for 
minimizing undesirable 
thrust effects

Internal Combustion Engines and Engine Driven Equip

750 rpm and over S 1.0

Dimmer Banks and Transformers

Up to 1000 lbs. NP 0.25

NM 0.35

Over 1000 lbs. SV 1.0

NOTES: Note (1) and Note (2) are same as for TABLE 1A.

Provide vibration isolators and seismic snubbers for mechanical and 
electrical machinery and associated piping and ductwork as indicated, to 
minimize transmission of vibrations and structure borne noise to the 
building structure or spaces or from the building structure to the 
machinery.  Comply with the following vibration schedule.
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1.4.5   Machinery Airborne Sound Level Criteria

TABLE 2A

Sound Data Schedule

Equipment Maximum Sound Power Level (dB)

Octave Band Level Center Frequency (Hz)

63 125 250 500 1000 2000 4000 8000

Air Handling 
Unit

94 90 89 89 89 84 82 79

Make-Up Air Fan 91 91 80 84 82 76 71 65

Air 
Conditioning 
Unit

100 96 90 89 86 80 75 72

Boiler 75 72 72 75 76 63 55 50

Chiller 98 98 96 95 93 94 88 81

Cooling Tower 110 110 105 102 98 95 92 87

Air Compressor 90 89 92 93 92 92 90 81

Pump 85 80 82 82 80 77 74 72

Fan 55 50 48 47 48 46 42 37

1.4.5.1   Basic Criteria

For each piece of machinery in the human work environment, do not exceed 
the maximum airborne sound levels 84 dB A-weighted scale, continuous or 
intermittent, or 140 dB peak sound pressure-level, impact or impulse, 
noise.
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1.4.5.2   Sound Data Schedule

TABLE 2A

Sound Data Schedule

Equipment Maximum Sound Power Level (dB)

Octave Band Level Center Frequency (Hz)

63 125 250 500 1000 2000 4000 8000

Air Handling 
Unit

94 90 89 89 89 84 82 79

Make-Up Air Fan 91 91 80 84 82 76 71 65

Air 
Conditioning 
Unit

100 96 90 89 86 80 75 72

Boiler 75 72 72 75 76 63 55 50

Chiller 98 98 96 95 93 94 88 81

Cooling Tower 110 110 105 102 98 95 92 87

Air Compressor 90 89 92 93 92 92 90 81

Pump 85 80 82 82 80 77 74 72

Fan 55 50 48 47 48 46 42 37

1.4.6   Seismic Protection Criteria

Use a Horizontal Force Factor minimum 60 percent of the machinery weight 
considered passing through the machinery center of gravity in any 
horizontal direction.  Unless vibration isolation is required to protect 
machinery against unacceptable structure transmitted noise or vibration, 
protect the structure or machinery from earthquakes by rigid structurally 
sound attachment to the load-supporting structure.  Protect each piece of 
vibration-isolated machinery with protected spring isolators or separate 
seismic restraint devices.  Determine by calculations the number and size 
of seismic restraints needed for each machinery.  Verify seismic restraint 
vendor's calculations by a registered professional engineer.  Provide 
seismic snubbers and protected spring isolators rated in three principle 
axes.  Verify ratings by independent laboratory testing, by analysis of an 
independent licensed structural engineer .

1.4.7   Welding

AWS D1.1/D1.1M .

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor QC approval. 
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Submittals with an "S" are for inclusion in the Sustainability eNotebook, 
in conformance to Section 01 33 29 , SUSTAINABITY REPORTING.  Submit the 
following in accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Inertia Bases

Machinery Bases

Platforms

Rails

Saddles

SD-03 Product Data

Isolators

Flexible Connectors

Flexible Duct Connectors

Pipe Guides

Seismic Snubbers

Vertical Stops

Thrust Restraints

Inertia Bases

Machinery Bases

Machinery Foundations and Subbases

Platforms

Rails

Saddles

Machinery Manufacturer's Sound Data

SD-05 Design Data

Inertia Bases

Machinery Bases

Platforms

Rails

Saddles

Each Item of Machinery
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Each Item of  Machinery Over 300 Pounds

Submit design calculations for inertia bases, machinery bases, 
platforms, rails, and saddles, either by the machinery 
manufacturer for the recommended machinery mounting or by the 
vibration-isolation equipment manufacturer.

SD-06 Test Reports

Seismic Snubbers

Equipment Vibration Tests

Equipment Sound Level Tests

Protected Spring Isolators

Submit seismic protection rating in three principal axes certified 
by an independent laboratory or analyzed by an independent 
licensed structural engineer.

SD-08 Manufacturer's Instructions

Vibration and Noise Isolation Components

Seismic Protection Components

1.6   QUALITY ASSURANCE

1.6.1   Vibration Isolator Procurement

For each piece of machinery to be isolated from vibration, supply the 
inertia base, machinery base, platform, rails, saddles, vibration isolators, 
seismic snubbers, and other associated materials and equipment as a 
coordinated package by a single manufacturer or by the machinery 
manufacturer.  Select isolators that provide uniform deflection even when 
machinery weight is not evenly distributed.  This requirement does not 
include the flexible connectors or the hangers for the associated piping 
and ductwork.

1.6.2   Unitized Machinery Assemblies

Mounting of unitized assemblies directly on vibration isolation springs is 
acceptable if machinery manufacturer certifies that the end supports of 
the assemblies have been designed for such installation.

PART 2   PRODUCTS

2.1   CORROSION PROTECTION FOR STEEL PARTS

ASTM A123/A123M  hot-dipped galvanized, or equivalent manufacturer standard 
coatings.  Where steel parts are exposed to the weather, provide 
galvanized coating of at least  2 ounces  of zinc per square  foot  of 
surface.  Coat springs with neoprene.

2.2   NEOPRENE

ASTM D471 and ASTM D2240, Grade Durometer 40, 50, or 60, and oil resistant.
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2.3   FLOOR-MOUNTED ISOLATORS

2.3.1   Neoprene Isolation Pads

Provide pads at least  1/4 inch  thick with cross-ribbed or waffle design.  
For concentrated loads, provide steel bearing plates bonded or cold 
cemented to the pads.

2.3.2   Neoprene Isolators

Provide molded neoprene isolators having steel base plates with mounting 
holes and, at the top, steel mounting plates with mounting holes or 
threaded inserts.  Provide elements of type and size coded with molded 
letters or color-coded for capacity identification.  Embed metal parts 
completely in neoprene.

2.4   SPRING ISOLATORS AND PROTECTED SPRING ISOLATORS

Provide spring isolators or protected spring isolators that are adjustable 
and laterally stable with free-standing springs of horizontal stiffness at 
minimum 80 percent of the vertical (axial) stiffness.  For 
machine-attached and floor-attached restraining elements, separate from 
metal-to-metal contact by neoprene cushions  1/8 inch  thick minimum.  
Provide neoprene acoustic friction pads at least  1/4 inch  thick.

2.4.1   Springs

Provide springs with base and compression plates, to keep spring ends 
parallel during and after deflection to operating height.  Provide outside 
coil diameters at least 0.8 of the operating height.  At operating height, 
springs shall have additional travel to complete (solid) compression equal 
to at least 50 percent of the operating deflection.

2.4.2   Mounting and Adjustment

Provide base and compression plates with mounting holes or threaded 
fittings.  Bolt leveling adjustment bolts to machinery or base.

2.5   SUSPENSION ISOLATORS

Provide hangers with suspension isolators encased in open steel brackets. 
Isolate hanger rods from isolator steel brackets with neoprene-lined 
opening.

2.5.1   Suspension Neoprene Isolators

Provide double-deflection elements with minimum  3/8 inch  deflection.

2.5.2   Suspension Spring Isolators

Provide hangers with springs and molded neoprene elements in series. 
Provide isolators with adjustable spring-preloading devices where required 
to maintain constant pipe elevations during installation and when pipe 
operational loads are transferred to the springs.

2.6   MACHINERY BASES , PLATFORMS , RAILS SADDLES

ASTM A36/A36M and AISC 360 .
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2.7   FLEXIBLE CONNECTORS FOR PIPING

Straight or elbow flexible connectors rated for temperatures, pressures, 
and fluids to be conveyed.  Provide flexible connectors with the strength 
4 times operating pressure at highest system operating temperature.  
Provide elbow flexible connectors with a permanently set angle.

2.7.1   Elastomeric Flexible Connectors

Fabricated of multiple plies of tire cord fabric and elastomeric materials 
with integral reinforced elastomeric flanges with galvanized malleable 
iron back up rings.

2.7.2   Metal Flexible Connectors

Fabricated of Grade E phosphor bronze, monel or corrugated stainless steel 
tube covered with comparable bronze or stainless steel braid restraining 
and pressure cover.

2.8   FLEXIBLE DUCT CONNECTORS

Provide flexible duct connectors fabricated in accordance with SMACNA 1403 .

2.9   SEISMIC SNUBBERS FOR EQUIPMENT

Factory-fabricated, omni-directional with factory set air gaps between  1/8 
inch  minimum and  1/4 inch  maximum.  Load capacity of each snubber at 50 
percent neoprene element deflection shall be 0.5g minimum.  Provide 
replaceable neoprene elements  1/4 inch minimum thickness.

2.10   PIPE GUIDES

Factory-fabricated.  Weld steel bar guides to the pipe at a maximum radial 
spacing of 60 degrees.  The outside diameter around the guide bars shall 
be smaller than the inside diameter of the guide sleeve in accordance with 
standard field construction practice.  For pipe temperatures below  60 
degrees F , provide metal sleeve, minimum  one pound per cubic foot  density 
insulation.

2.11   THRUST RESTRAINTS

Adjustable spring thrust restraints, able to resist the thrust force with 
at least 25 percent unused capacity.  The operating spring deflection 
shall be not less than 50 percent of the static deflection of the 
isolation supporting the machinery.

2.12   SEISMIC PROTECTION COMPONENTS FOR PIPING AND DUCTWORK

Section 23 03 00.00 20  BASIC MECHANICAL MATERIALS AND METHODS. 

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Vibration and Noise Isolation Components

Install vibration-and-noise isolation materials and equipment in 
accordance with machinery manufacturer's instructions.
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3.1.2   Suspension Vibration Isolators

Provide suspension isolation hangers for piping, suspended equipment, and 
suspended equipment platforms in mechanical equipment rooms, as 
specified.  For operating load static deflections of  1/4 inch  or less, 
provide neoprene pads or single deflection neoprene isolators.  For 
operating load static deflections over  5/16 to 3/8 inch , provide 
double-deflection neoprene element isolators.  For operating load static 
deflections over  3/8 inch , provide isolators with spring and neoprene 
elements in series.

3.1.3   Vertical Stops

For machinery affected by wind pressure or having an operational weight 
different from installed weight, provide resilient vertical limit stops 
which prevent spring extension when weight is removed.  Provide vertical 
stops for machinery containing liquid, such as water chillers, evaporative 
coolers, boilers, and cooling towers.  Spring isolated or protected spring 
isolated machinery must rock and move freely within limits of stops or 
seismic restraint devices.

3.1.4   Thrust Restraints

Where required, provide pairs of thrust restraints, symmetrically 
installed on both sides of the steady state line of thrust. 

3.1.5   Flexible Pipe and Duct Connectors

Install flexible connectors in accordance with the manufacturer's 
instructions.  When liquid pulsation dampening is required, flexible 
connectors with spherical configuration may be used.  

3.1.6   Seismic Snubbers

Provide snubbers as close as possible to each vibration isolator as 
indicated.  After installing and leveling of the machinery, adjust 
snubbers in accordance with the snubber manufacturer's instructions.

3.1.7   Machinery

Provide vibration isolators, flexible connectors and seismic snubbers in 
accordance with manufacturer's recommendations.  Machinery with spring 
isolators or protected spring isolators shall rock or move freely within 
limits of stops or seismic snubber restraints.

3.1.7.1   Stability

Isolators shall be stable during starting and stopping of machinery 
without traverse and eccentric movement of machinery that would damage or 
adversely affect the machinery or attachments.

3.1.7.2   Lateral Motion

The installed vibration isolation system for each piece of floor or 
ceiling mounted machinery shall have a maximum lateral motion under 
machinery start up and shut down conditions of not more than  1/4 inch .  
Restrain motions in excess by approved spring mountings.
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3.1.7.3   Unbalanced Machinery

Provide foundation suspension systems specifically designed to resist 
horizontal forces for machinery with large unbalanced horizontal forces. 
Vibration isolator systems shall conform to the machinery manufacturer's 
recommendations.

3.1.7.4   Nonrotating Machinery

Mount nonrotating machinery in systems which includes rotating or 
vibrating machinery on isolators having the same deflection as the hangers 
and supports for the pipe connected to.

3.1.7.5   Unitized Machinery Assemblies

TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Absorption 
Refrigeration 
Machines

SV-R 1.0 SV-R 1.75 SV-R 2.75

Centrifugal Chillers or Heat Pumps

Hermetic Type SV-B 1.75 SV-B 2.5 SV-B 3.5

Open Type SV-1 1.75 SV-I 2.5 SV-I 3.5

Reciprocating Air or Refrigeration Compressors

500 to 750 rpm S-R 1.75 S-R 2.5 S-R 3.5

751 rpm and up S-R 1.5 S-R 2.5 S-R 3.5

Reciprocating Chillers or Heat Pumps
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

500 to 750 rpm SV-R 1.75 SV-R 2.5 SV-R 3.5

751 rpm and up SV-R 1.5 SV-R 2.5 SV-R 3.5

Packaged 
Boilers

SV 1.0 SV 2.5 SV-R 3.5

Closed Coupled Pumps

Up to 7-1/2 hp S-I 1.0 S-I 1.0 S-I 1.0

Over 7-1/2 hp S-I 1.5 S-I 2.5 S-I 2.5

Base Mounted Pumps

Up to 20 hp S-I 1.5 S-I 2.5 S-I 2.5

20 to 75 hp S-I 1.5 S-I 2.5 S-I 3.5

Over 75 hp S-I 2.5 S-I 3.5 S-I 3.5

Cooling Towers and 
Evaporative Condensers

SV with deflections specified for centrifugal blowers 
when springs are supported on beams.  Use selection 
listed for column supported floors with up to 30 foot 
column spacing when springs are located on columns or 
bearing walls.

Factory Assembled Air Handling Equipment AH, AC and HV Units (Note (2))

Suspended Units

Up to 5 hp H 1.0 H 1.0 H 1.0

Over 5 hp
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Up to 400 rpm H 1.75 H 1.75 H 1.75

Over 401 rpm H 1.0 H 1.5 H 2.5

Floor Mounted Units

Up to 5 hp S 1.0 S 1.0 S 1.0

Over 5 hp

Up to 400 rpm S-R 1.75 S-R 1.75 S-R 2.5

Over 401 rpm S-R 1.0 S-R 1.5 S-R 2.5

Centrifugal Blowers

175 - 224 rpm S-B 4.75 S-B 4.75 S-B 4.75

225 - 299 rpm S-B 3.75 S-B 4.75 S-B 4.75

300 - 374 rpm S-B 2.75 S-B 4.5 S-B 4.75

375 - 499 rpm S-B 2.5 S-B 3.5 S-B 4.5

Over 500 rpm S-B 1.75 S-B 2.5 S-B 3.5

Tubular Centrifugal and Axial Fans (Note (2))

Suspended H with deflection specified for centrifugal blowers

Floor Mounted Arrangements 
1 & 9

S-B with deflections specified for centrifugal blowers

Utility Fans (Note (2))
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Suspended H with deflections specified for centrifugal blowers but 
not to exceed 2.75 inches

Floor-Mounted S-R with deflections not specified for centrifugal 
blowers but not to exceed 2.75 inches

High Pressure Fans (6 Inch 
Water-Column Static 
Pressure) and Other  
Machineries Producing 
Thrust (Note (2))

HR recommended for minimizing undesirable thrust effects

Internal Combustion Engines and Engine Driven Equip

750 rpm and 
over

S 1.5 S 2.5 S 3.5

Dimmer Banks and Transformers

Up to 1000 lbs. NM 0.35 NM 0.35 NM 3.5

Over 1000 lbs. SV 1.0 SV 1.0 SV 1.0

NOTES:

(1)  Equipment Vibration Isolation Schedule Designations (Hyphenated designations 
are combinations of the following:)

B  - Welded structural steel bases.

H  - Spring isolators (suspended equipment and piping).  Where required, provide 
with adjustable preloading devices.

HR - Thrust restraints

I  - Concrete inertia bases with steel forms.

NM - Neoprene mounts.
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column Spacing Slab on earth and
0-30 feet

31-40 feet 41-50 feet

Equipment Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

Type 
(Note (1))

MSD (Note 
(1))

NP - Neoprene pads.

R  - Structural steel rail for equipment mounts.

S  - Freestanding spring isolators (floor-mounted equipment).

SV - Freestanding spring isolators (floor-mounted equipment).

SX - Freestanding spring isolators with adjustable cushioned vertical stops and 
cushioned horizontal stops (floor-mounted equipment.  Protected spring isolators SX 
may be substituted wherever S or SV is specified and shall meet all requirements.

(2)  Fans

a.   When fan motors are 75 hp or larger, use the deflection requirements for the 
next wider column spacing.  Except for building slab on grade a minimum of 2.5 
inches should be used unless larger deflections are specified in the centrifugal 
blower table.

b.   Provide sway brace isolators for tubular centrifugal and axial fans when the 
fan pressure exceeds 4 inches water column.

c.   Provide inertia bases for all fans in lieu of structural steel bases or rails 
specified above when the fan pressure exceeds 4 inches water column.

d.   With attaching brackets, suspension spring isolators bridge between the 
structure and the thrust-producing machinery such as high-pressure fan.  Both types 
H and HR normally provide reaction in tension, while types S, SV, and SX normally 
provide reaction in compression.  Thrust restraints are low-cost and effective 
components available from manufacturers.  Use thrust restraints to eliminate the 
need for or reduce the magnitude of inertia mass when the mass is only used to 
reduce the displacement effects of the thrust.

Unitized assemblies such as chillers with evaporator and condenser, and 
top mounted centrifugal compressor or unitized absorption refrigeration 
machines, structurally designed with end supports, may be mounted on steel 
rails and springs in lieu of steel bases and springs.  Where the slab or 
deck is less than  4 inches  thick, provide spring isolation units with the 
deflection double that of the vibration isolation schedule, up to a 
maximum static deflection of  5 inches .
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3.1.7.6   Roof and Upper Floor Mounted Machinery

TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column
Spacing

Slab on earth and 0-30
feet

31-40 feet 41-50 feet

Equipment Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Absorption 
Refrigeration 
Machines

SV-R 1.0 SV-R 1.75 SV-R 2.75

Centrifugal Chillers or Heat Pumps

Hermetic 
Type

SV-B 1.75 SV-B 2.5 SV-B 3.5

Open Type SV-1 1.75 SV-I 2.5 SV-I 3.5

Reciprocating Air or Refrigeration Compressors

500 to 750 
rpm

S-R 1.75 S-R 2.5 S-R 3.5

751 rpm 
and up

S-R 1.5 S-R 2.5 S-R 3.5

Reciprocating Chillers or Heat Pumps

500 to 750 
rpm

SV-R 1.75 SV-R 2.5 SV-R 3.5

751 rpm 
and up

SV-R 1.5 SV-R 2.5 SV-R 3.5

Packaged 
Boilers

SV 1.0 SV 2.5 SV-R 3.5

Closed Coupled Pumps

Up to 
7-1/2 hp

S-I 1.0 S-I 1.0 S-I 1.0
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column
Spacing

Slab on earth and 0-30
feet

31-40 feet 41-50 feet

Equipment Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Over 7-1/2 
hp

S-I 1.5 S-I 2.5 S-I 2.5

Base Mounted Pumps

Up to 20 hp S-I 1.5 S-I 2.5 S-I 2.5

20 to 75 hp S-I 1.5 S-I 2.5 S-I 3.5

Over 75 hp S-I 2.5 S-I 3.5 S-I 3.5

Cooling Towers and 
Evaporative Condensers

SV with deflections specified for centrifugal blowers when 
springs are supported on beams.  Use selection listed for 
column supported floors with up to 30 foot column spacing 
when springs are located on columns or bearing walls.

Factory Assembled Air Handling Equipment AH, AC and HV Units (Note (2))

Suspended Units

Up to 5 hp H 1.0 H 1.0 H 1.0

Over 5 hp

Up to 400 
rpm

H 1.75 H 1.75 H 1.75

Over 401 
rpm

H 1.0 H 1.5 H 2.5

Floor Mounted Units

Up to 5 hp S 1.0 S 1.0 S 1.0

Over 5 hp
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column
Spacing

Slab on earth and 0-30
feet

31-40 feet 41-50 feet

Equipment Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Up to 400 
rpm

S-R 1.75 S-R 1.75 S-R 2.5

Over 401 
rpm

S-R 1.0 S-R 1.5 S-R 2.5

Centrifugal Blowers

175 - 224 
rpm

S-B 4.75 S-B 4.75 S-B 4.75

225 - 299 
rpm

S-B 3.75 S-B 4.75 S-B 4.75

300 - 374 
rpm

S-B 2.75 S-B 4.5 S-B 4.75

375 - 499 
rpm

S-B 2.5 S-B 3.5 S-B 4.5

Over 500 
rpm

S-B 1.75 S-B 2.5 S-B 3.5

Tubular Centrifugal and Axial Fans (Note (2))

Suspended H with deflection specified for centrifugal blowers

Floor Mounted 
Arrangements 1 & 9

S-B with deflections specified for centrifugal blowers

Utility Fans (Note (2))

Suspended H with deflections specified for centrifugal blowers but not 
to exceed 2.75 inches

Floor-Mounted S-R with deflections not specified for centrifugal blowers 
but not to exceed 2.75 inches

High Pressure Fans (6 
Inch Water-Column 
Static Pressure) and 
Other  Machineries 
Producing Thrust (Note 
(2))

HR recommended for minimizing undesirable thrust effects
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column
Spacing

Slab on earth and 0-30
feet

31-40 feet 41-50 feet

Equipment Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Internal Combustion Engines and Engine Driven Equip

750 rpm 
and over

S 1.5 S 2.5 S 3.5

Dimmer Banks and Transformers

Up to 1000 
lbs.

NM 0.35 NM 0.35 NM 3.5

Over 1000 
lbs.

SV 1.0 SV 1.0 SV 1.0

NOTES:

(1)  Equipment Vibration Isolation Schedule Designations (Hyphenated designations are 
combinations of the following:)

B  - Welded structural steel bases.

H  - Spring isolators (suspended equipment and piping).  Where required, provide with 
adjustable preloading devices.

HR - Thrust restraints

I  - Concrete inertia bases with steel forms.

NM - Neoprene mounts.

NP - Neoprene pads.

R  - Structural steel rail for equipment mounts.

S  - Freestanding spring isolators (floor-mounted equipment).

SV - Freestanding spring isolators (floor-mounted equipment).

SX - Freestanding spring isolators with adjustable cushioned vertical stops and 
cushioned horizontal stops (floor-mounted equipment.  Protected spring isolators SX 
may be substituted wherever S or SV is specified and shall      meet all 
requirements.

(2)  Fans
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TABLE 3A

Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for 4-8 inch slab on grade and column supported.

Column
Spacing

Slab on earth and 0-30
feet

31-40 feet 41-50 feet

Equipment Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

Type (Note 
(1))

MSD (Note 
(1))

a.   When fan motors are 75 hp or larger, use the deflection requirements for the 
next wider column spacing.  Except for building slab on grade a minimum of 2.5 inches 
should be used unless larger deflections are specified in the centrifugal blower 
table.

b.   Provide sway brace isolators for tubular centrifugal and axial fans when the fan 
pressure exceeds 4 inches water column.

c.   Provide inertia bases for all fans in lieu of structural steel bases or rails 
specified above when the fan pressure exceeds 4 inches water column.

d.   With attaching brackets, suspension spring isolators bridge between the 
structure and the thrust-producing machinery such as high-pressure fan.  Both types H 
and HR normally provide reaction in tension, while types S, SV, and SX normally 
provide reaction in compression.  Thrust restraints are low-cost and effective 
components available from manufacturers.  Use thrust restraints to eliminate the 
need for or reduce the magnitude of inertia mass when the mass is only used to 
reduce the displacement effects of the thrust.

TABLE 3B

Class II Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for basements below grade and floor slabs on earth

Equipment Type (Note (1)) MSD

Absorption Refrigeration 
Machines

NP 0.25

NM 0.35

Centrifugal Chillers or Heat Pumps

Hermetic Type NP 0.25

NM 0.35

Open Type NM-I 0.35
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TABLE 3B

Class II Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for basements below grade and floor slabs on earth

Equipment Type (Note (1)) MSD

Reciprocating Air or Refrigeration Compressors

500 to 750 rpm S 1.0

751 rpm and up S 1.0

Reciprocating Chillers or Heat Pumps

500 to 750 rpm SV 1.0

751 rpm and up SV 1.0

Packaged Boilers NP 0.25

NM 0.35

Pumps

Closed Coupled NP 0.25

Up to 7 1/2 hp NM 0.35

Over 7 1/2 hp S-I 1.0

Base Mounted

Up to 20 hp S-I 1.0

20 to 75 hp S-I 1.0

Over 75 hp S-I 1.0

Cooling Towers and 
Evaporative Condensers

NP 0.25

NM 0.35

Factory Assembled Air Handling Equipment AH, AC and HV Units (Note (2))

Suspended Units

Up to 5 hp H 1.0

Over 5 hp

Up to 400 rpm H 1.75

Over 401 rpm H 1.0

Floor Mounted Units

Up to 5 hp NP 0.25

NM 0.35

Over 5 hp

Up to 400 rpm NM 0.35

Over 401 rpm NM 0.35

Centrifugal Blowers

175 - 224 rpm NM-B 0.35

225 - 299 rpm NM-B 0.35
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TABLE 3B

Class II Vibration Isolator Types and Minimum Static Deflection

(MSD, inches) for basements below grade and floor slabs on earth

Equipment Type (Note (1)) MSD

300 - 374 rpm NM-B 0.35

375 - 499 rpm NM-B 0.35

Over 500 rpm NM-B 0.35

Tubular Centrifugal and Axial Fans (Note (2))

Suspended H with deflections specified for centrifugal blowers

Floor Mounted Arrangements 
1 & 9

NM 0.35

Utility Fans (Note (2))

Suspended and centrifugal H with deflections specified for

Floor-Mounted NM 0.35

High Pressure Fans (Over 6 Inch Water-Column Static 
Pressure) and Other Machineries Producing Thrust (Note 
(2))

HR recommended for 
minimizing undesirable 
thrust effects

Internal Combustion Engines and Engine Driven Equip

750 rpm and over S 1.0

Dimmer Banks and Transformers

Up to 1000 lbs. NP 0.25

NM 0.35

Over 1000 lbs. SV 1.0

NOTES: Note (1) and Note (2) are same as for TABLE 3A.

On the roof or upper floors, mount machinery on isolators with vertical 
stops.  Rest isolators on beams or structures designed and installed in 
accordance with the SMACNA 1793, Plate 61.

3.1.8   Piping 

Provide vibration isolation for piping .  The isolator deflections shall 
be equal to or greater than the static deflection of the vibration 
isolators provided for the connected machinery as follows:
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3.1.8.1   Piping Connected to Vibration Isolated Machinery

For a distance of  50 feet  or 50 pipe diameters, whichever is greater.

3.1.8.2   Chilled, Hot, and Dual Temperature Piping

For risers from pumps and for the first  20 feet  of the branch connection 
of the main supply and return piping at each floor.

3.1.9   Water and Steam Distribution Piping Application

Resiliently support piping with combination spring and neoprene isolation 
hangers.  Provide spring elements with  5/8 inch  static deflection; install 
the hanger with spacing so that the first harmonic natural frequency is 
not less than 360 Hz.  Provide double-deflection neoprene elements.  For 
the first two isolation hangers from the rotating equipment of  3 1/2 inch  
and smaller piping systems, ensure a deflection equal to the 
equipment-isolation static deflection.  For the first four piping 
isolation hanger supports from rotating equipment of  4 inch  and larger 
piping systems, use resilient hanger-rod isolators at a fixed elevation 
regardless of load changes.  Incorporate an adjustable preloading device 
to transfer the load to the spring element within the hanger mounting 
after the piping system has been filled with water.

3.1.10   Pipe Hanger and Support Installation

3.1.10.1   Pipe Hangers

Provide eye-bolts or swivel joints for pipe hangers to permit pipe thermal 
or mechanical movement without angular misalignment of hanger vibration 
isolator.

3.1.10.2   Valves

Provide vibration isolation hangers and supports at modulating, pressure 
reducing, or control valves which will induce fluid pulsations.  When 
required or indicated, isolate valves with flexible connectors.

3.1.10.3   Machinery Without Flexible Connections

When piping is not connected to vibrating machinery with flexible 
connectors, provide the first four hangers with isolation elements 
designed for deflections equal to equipment vibration isolator deflections 
(including static, operating, and start-up).

3.1.10.4   Pipe Risers

Provide pipe riser supports with bearing plates and two layers of  1/4 inch  
thick ribbed or waffled neoprene pad loaded to not more than  50 psi .  
Separate isolation pads with  1/4 inch  steel plate.  Weld pipe riser clamps 
at anchor points to the pipe and to pairs of vertical acoustical pipe 
anchor mountings which shall be rigidly fastened to the steel framing.

3.1.10.5   Supports at Base of Pipe Risers

Piping isolation supports at the base of risers shall be two layers of  1/2 
inch  thick heavy-duty neoprene pad separated by  1/4 inch  thick steel 
plate.  Use bearing plates sized to provide a pad loading of not more than  
500 psi .  Weld the stanchion between the pipe and isolation support to the 
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pipe and weld or bolt to the isolation support.  Bolt isolation support to 
the floor slab with resilient sleeves and washers.  Where supplementary 
steel is required to support piping, provide a maximum deflection of  0.08 
inches  at the mid-span of this steel under the load.  Rigidly support 
piping from the supplementary steel with the supplementary steel isolated 
from the building structure with isolators.

3.1.10.6   Pipe Anchors

Attach each end of the pipe anchor to an omni-directional pipe isolator 
which in turn shall be rigidly fastened to the steel framing or structural 
concrete.  Provide a telescoping pipe isolator of two sizes of steel 
tubing separated by a minimum  1/2 inch  thick pad of heavy-duty neoprene or 
heavy-duty neoprene and canvas.  Provide vertical restraints by similar 
material to prevent vertical travel in either direction.  The load on the 
isolation material shall not exceed  500 psi .

3.1.11   Equipment Room Sound Isolation

Do not allow direct contact between pipe or ducts and walls, floor slabs, 
roofs, ceilings or partitions of equipment rooms.

3.1.11.1   Pipe Penetrations

Provide galvanized Schedule 40 pipe sleeves and tightly pack annular space 
between sleeves and pipe with insulation having a flame spread rating not 
more than 25 and a smoke developed rating not more than 50 when tested in 
accordance with ASTM E84, maximum effective temperature  1000 degrees F , 
bulk density  6 pounds/cu. ft.  minimum.  Provide uninsulated pipe with a  
one inch  thick mineral fiber sleeve the full length of the penetration and 
seal each end with an interior or exterior and weather resistant 
non-hardening compound.  Provide sealant and mineral-fiber sleeve of a 
flame spread rating not more than 25 and a smoke developed rating not more 
than 50 when tested in accordance with ASTM E84.

3.1.11.2   Duct Penetrations

Pack openings around ducts with mineral fiber insulation the full length 
of the penetration having a flame spread rating not more than 25 and a 
smoke developed rating not more than 50 when tested in accordance with 
ASTM E84.  At each end of duct opening provide sealing collars and seal 
with an interior or exterior and weather resistant non-hardening compound.

3.1.11.3   Ducts Passing Through Equipment Rooms

Provide with sound insulation equal to the sound attenuation value of the 
wall, floor, or ceiling penetrated.

3.1.12   Machinery Foundations and Subbases

Provide cast in place anchor bolts as recommended by the machinery 
manufacturer.

3.1.12.1   Machinery Subbases

Provide concrete subbases at least  4 inches  high for floor mounted 
equipment .  Rest subbases on structural floor and reinforce with steel 
rods interconnected with floor reinforcing bars by tie bars hooked at both 
ends.  Provide at least  2 inch  clearance between subbases and inertia 

SECTION 22 05 48.00 20  Page 30



Hill Air Force Base, UT, Building 591 HILL591

bases, steel bases, and steel saddles with machinery in operation.

3.1.12.2   Common Machinery Foundations

Mount electrical motors on the same foundations as driven machinery. 
Support piping connections, strainers, valves, and risers on the same 
foundation as the pumps.

3.1.12.3   Foundation and Subbase Concrete

Cast concrete foundations and subbases of ASTM C94/C94M 2500 psi  concrete 
reinforced with steel bars as indicated or recommended by machinery 
manufacturer.

3.1.12.4   Anchor Bolts and Grout

Secure machinery to foundations and inertia bases with anchor bolts.  
Grout equipment with baseplates, the full area under baseplates with 
premixed non-shrinking grout.  After grout has set, remove wedges, shims, 
and jack bolts and fill spaces with grout.

3.1.13   Seismic Restraints for Piping and Ductwork

Provide seismic restraints in accordance with SMACNA 1981.

3.1.14   Suspended Machinery Platforms

Provide with vibration-isolation hangers.

3.1.15   Electrical Connections

Provide flexible conduit or multiple conductor cable connections for 
machinery with sufficient extra length to permit  2 inch  minimum 
displacement in any direction without damage.

3.1.16   Systems Not To Be Vibration Isolated

Do not provide vibration isolation for electrical raceways and conduits or 
for fire protection, storm, sanitary, and domestic water piping systems 
which do not include pumps or other vibrating, rotating, or pulsating 
equipment including control and pressure reducing valves.

3.2   FIELD QUALITY CONTROL

Provide equipment and apparatus required for performing inspections and 
tests.  Notify Contracting Officer 14 days prior to machinery seismic 
testing.  Rebalance, adjust, or replace machinery with noise or vibration 
levels in excess of those given in the machinery specifications, or 
machinery manufacturer's data.

3.2.1   Field Inspections

Prior to initial operation, inspect the vibration isolators and seismic 
snubbers for conformance to drawings, specifications, and manufacturer's 
data and instructions.  Check for vibration and noise transmission through 
connections, piping, ductwork, foundations, and walls.  Check connector 
alignment before and after filling of system and during operation.  
Correct misalignment without damage to connector and in accordance with 
manufacturer's recommendations.
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3.2.2   Spring Isolator Inspection

After installation of spring isolators or protected spring isolators, and 
seismic restraint devices, the machinery shall rock freely on its spring 
isolators within limits of stops or seismic restraint devices.  Eliminate 
or correct interferences.

3.2.3   Tests

Adjust, repair, or replace isolators as required to reduce vibration and 
noise transmissions to specified levels.

3.2.3.1   Equipment Vibration Tests

Perform vibration tests to determine conformance with vibration isolation 
schedule specified .

3.2.3.2   Equipment Sound Level Tests

Measure continuous or intermittent steady state noise with a sound level 
meter set for low response.  Measure impact or impulse noise as dB peak 
sound pressure level (20 uPa) with an impact noise analyzer.  Measure work 
distance from person to machinery noise center.  Perform sound level tests 
to determine conformance with sound level schedule .

a.  Interior Machinery Sound

In accordance with AHRI 575 , measure the sound data for air conditioning 
and refrigeration machinery, such as fans, boilers, valves, engines, 
turbines, or transformers.  Measure the sound pressure levels around 
mechanical and electrical machinery located in equipment spaces,  3 feet  
horizontally from the edge closest to the acoustical center of the 
machinery at points  3 feet and 5.5 feet  above floor.  Take measurements at 
the center of each side of the machinery.  Locate the microphone at least  
3 feet  from the observer and measuring instruments.  Observer shall not be 
between the machinery and the measuring instrument.

b.  Exterior Machinery Sound

Measure sound data in accordance with ANSI/AHRI 370  for machinery 
radiating noise outside the building in such applications as grade 
installations, area-ways, wall and roof installations for cooling towers, 
refrigerant condensers, engine driven generator sets, fans, air 
conditioning machinery, heat pumps, evaporative coolers, exhaust 
silencers, and air intakes.

        -- End of Section --
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SECTION 22 07 19.00 40

PLUMBING PIPING INSULATION
08/16

PART 1   GENERAL

Section 22 00 00  PLUMBING, GENERAL PURPOSE applies to work specified in 
this section.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B209 (2014) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM C195 (2007; R 2013) Standard Specification for 
Mineral Fiber Thermal Insulating Cement

ASTM C449 (2007; R 2013) Standard Specification for 
Mineral Fiber Hydraulic-Setting Thermal 
Insulating and Finishing Cement

ASTM C533 (2017) Standard Specification for Calcium 
Silicate Block and Pipe Thermal Insulation

ASTM C534/C534M (2016) Standard Specification for 
Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular 
Form

ASTM C547 (2017) Standard Specification for Mineral 
Fiber Pipe Insulation

ASTM C552 (2017; E 2018) Standard Specification for 
Cellular Glass Thermal Insulation

ASTM C591 (20172019) Standard Specification for 
Unfaced Preformed Rigid Cellular 
Polyisocyanurate Thermal Insulation

ASTM C592 (2016) Standard Specification for Mineral 
Fiber Blanket Insulation and Blanket-Type 
Pipe Insulation (Metal-Mesh Covered) 
(Industrial Type)

ASTM C647 (2008; R 2013) Properties and Tests of 
Mastics and Coating Finishes for Thermal 
Insulation

ASTM C795 (2008; R 2018) Standard Specification for 
Thermal Insulation for Use in Contact with 
Austenitic Stainless Steel
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ASTM C916 (2014) Standard Specification for 
Adhesives for Duct Thermal Insulation

ASTM C920 (2018) Standard Specification for 
Elastomeric Joint Sealants

ASTM C921 (2010) Standard Practice for Determining 
the Properties of Jacketing Materials for 
Thermal Insulation

ASTM C1136 (2017a) Standard Specification for 
Flexible, Low Permeance Vapor Retarders 
for Thermal Insulation

ASTM D579/D579M (2015) Standard Specification for Greige 
Woven Glass Fabrics

ASTM D5590 (2000; R 2010; E 2012) Standard Test 
Method for Determining the Resistance of 
Paint Films and Related Coatings to Fungal 
Defacement by Accelerated Four-Week Agar 
Plate Assay

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM E96/E96M (2016) Standard Test Methods for Water 
Vapor Transmission of Materials

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 220 (2018) Standard on Types of Building 
Construction

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE AMS 3779 (2016; Rev B) Tape Adhesive, Pressure 
Sensitive Thermal Radiation Resistant, 
Aluminum Foil/Glass Cloth

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-PRF-19565 (1988; Rev C) Coating Compounds, Thermal 
Insulation, Fire- and Water-Resistant, 
Vapor-Barrier

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings
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Installation Drawings ; G

SD-03 Product Data

Adhesives ; G

Coatings ; G

Insulating Cement ; G

Insulation Materials ; G

Jacketing ; G

Tape; G

SD-08 Manufacturer's Instructions

Installation Manual ; G

SD-11 Closeout Submittals

Record Drawings

Adhesives ; S

Coatings ; S

Insulation Materials ; S

Recycled Materials ; S

1.3   QUALITY CONTROL

1.3.1   Recycled Materials

Provide thermal insulation containing recycled materials to the extent 
practicable, provided that the material meets all other requirements of 
this section.  The minimum recycled material content of the following 
insulation types are:

a.  Rock Wool - 75 percent slag by weight

b.  Fiberglass - 20-25 percent glass cullet by weight

c.  Plastic Rigid Foam - 9 percent recovered material

d.  Polyisocyanurate/Polyurethane - 9 percent recovered material

e.  Rigid Foam - 9 percent recovered material

Submit recycled materials  documentation indicating percentage of 
post-industrial and post-consumer recycled content per unit of product.  
Indicate relative dollar value of recycled content products to total 
dollar value of products included in project.
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PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

2.1.1   Performance Requirements

Provide noncombustible thermal-insulation system materials, as defined by 
NFPA 220 .  Provide adhesives, coatings, sealants, facings, jackets, and 
thermal-insulation materials, except cellular elastomers, with a 
flame-spread classification (FSC) of 25 or less , and a smoke-developed 
classification (SDC) of 50 or less .  Determine these maximum values in 
accordance with ASTM E84 .  Provide coatings and sealants that are 
nonflammable in their wet state.

Provide adhesives, coatings, and sealants with published or certified 
temperature ratings suitable for the entire range of working temperatures 
normal for the surfaces to which they are to be applied.

2.2   COMPONENTS

2.2.1   Insulation

2.2.1.1   Mineral Fiber Insulation

Provide mineral fiber insulation conforming to ASTM C592 and suitable for 
surface temperatures up to  370 degrees F .  Provide insulation with a 
density not less than  4-pound per cubic foot  and with thermal conductivity 
not greater than  0.26 Btu-inch per hour per square foot per degree F  at  
150 degrees F  mean.

2.2.1.2   Cellular Elastomer Insulation

Provide cellular elastomer insulation conforming to ASTM C534/C534M.  
Ensure the water vapor permeability does not exceed  0.30 grain per foot 
per inch per hour per square foot mercury pressure difference  for  1-inch  
thickness of cellular elastomer.

2.2.1.3   Cellular Glass Insulation

Conform to ASTM C552, Type II, Grade 2, pipe covering for Cellular Glass.  
Substitutions for this material are not permitted.  Ensure minimum 
thickness is not less than  1-1/2 inches .

2.2.1.4   Calcium Silicate Insulation

Conform to ASTM C533.  Ensure the apparent thermal conductivity does not 
exceed  0.54 Btu-inch per hour per square foot per degree F  at  200 degrees F
 mean.

2.2.1.5   Fiberglass Insulation

Conform to ASTM C547.  Ensure the apparent thermal conductivity does not 
exceed  0.54 Btu-inch per hour per square foot per degree F  at  200 degrees F
 mean.

Fiber glass pipe insulation having an insulating efficiency not less than 
that of the specified thickness of mineral fiber pipe insulation may be 
provided in lieu of mineral fiber pipe insulation for aboveground piping.
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2.2.1.6   Polyisocyanurate Pipe Insulation

Conform to ASTM C591 for polyisocyanurate, minimum density of  1.7 pounds 
per cubic foot .

2.2.1.7   Pipe Barrel

For temperatures up to and including  1200 degrees F , use pipe barrel 
insulation Type II, Molded, Grade A or Type III, Precision V-Groove, Grade 
A.

2.2.1.8   Pipe Fittings

Provide molded pipe fitting insulation covering for use at temperatures up 
to and including  1200 degrees F .

2.2.1.9   Flexible Blankets

Provide flexible blankets and felts for use at temperatures up to and 
including  350 degrees F  with a density of  1 pound per cubic foot .  Ensure 
thermal conductivity is no greater than  0.26 Btu per hour per square foot 
per degree F  at  75 degrees F  mean.

2.2.2   Adhesives

2.2.2.1   Vapor-Barrier Material Adhesives

Ensure adhesives conform to the requirements of ASTM C916, Type I, when 
attaching fibrous-glass insulation to metal surfaces or attaching 
insulation to itself, to metal, and to various other substrates.

2.2.2.2   Cellular Elastomer Insulation Adhesive

For cellular elastomer insulation adhesive, provide a solvent cutback 
chloroprene elastomer conforming to ASTM C916, Type I, and is approved by 
the manufacturer of the cellular elastomer for the intended use.

2.2.3   Insulating Cement

2.2.3.1   General Purpose Insulating Cement

Provide general purpose insulating cement, , conforming to ASTM C195.  
Ensure composite is rated for 1800 degrees F  service, with a 
thermal-conductivity maximum of  0.85 Btu per inch per hour per square foot 
for each degree F  temperature differential at  200 degrees F  mean 
temperature for a  1 inch  thickness.

2.2.3.2   Finishing Insulating Cement

Provide finishing insulating cement of a mineral-fiber, hydraulic-setting 
type conforming to ASTM C449.

2.2.4   Caulk

Provide elastomeric joint sealant in accordance with ASTM C920, Type S, 
Grade NS, Class 25, Use A.
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2.2.5   Corner Angles

Provide a nominal  0.016 inch  thick aluminum  1 by 1 inch  corner angle 
piping insulation with factory applied kraft backing.  Ensure aluminum 
conforms to  ASTM B209, Alloy 3003 .

2.2.6   Jacketing

2.2.6.1   PVC Jacket

Provide  0.010 inch  thick, factory-premolded polyvinylchloride,  that is 
self-extinguishing, with high-impact strength and moderate chemical 
resistance.  Ensure jacket has a permeability rating of  0.01 grain per 
hour per square foot per inch of mercury  pressure difference, determined 
in accordance with ASTM E96/E96M.  Provide manufacturer's standard 
solvent-weld type vapor-barrier joint adhesive.

Ensure conformance to ASTM C1136 for, Type I, low-vapor transmission, 
high-puncture resistance vapor barriers.

2.2.7   Coatings

2.2.7.1   Outdoor Vapor-Barrier Finishing

Provide a nonasphaltic, hydrocarbon polymer, mastic coating.  Ensure the 
coating conforms to the requirements of ASTM C1136 and ASTM C921.

2.2.7.2   Indoor Vapor-Barrier Finishing

Provide a pigmented resin and solvent compound coatings conforming to 
ASTM C1136, Type II.

2.2.7.3   Outdoor and Indoor Nonvapor-Barrier Finishing (NBF)

Provide a pigmented polymer-emulsion as recommended by the insulation 
material manufacturer for the surface to be coated.

2.2.7.4   Vapor Retarder

The vapor retarder coating shall be fire and water resistant and 
appropriately selected for either outdoor or indoor service.  Color shall 
be white.  The water vapor permeance of the compound shall be 0.013 perms 
or less at  43 mils  dry film thickness as determined according to procedure 
B of ASTM E96/E96M utilizing apparatus described in ASTM E96/E96M.  The 
coating shall be nonflammable, fire resistant type.  To resist 
mold/mildew, coating shall meet ASTM D5590 with 0 growth rating.  Coating 
shall meet MIL-PRF-19565  Type II (if selected for indoor service) and be 
Qualified Products Database listed.  All other application and service 
properties shall be in accordance with ASTM C647.

2.2.7.5   Cellular-Elastomer Finishing

Provide a polyvinylchloride lacquer coating recommended by the 
manufacturer of the cellular elastomer finish.

2.2.7.6   Coating Color

Provide as specified by the Contracting Officer for the coating color.
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2.2.8   Tape

Provide a knitted elastic cloth glass lagging specifically suitable for 
continuous spiral wrapping of insulated pipe bends and fittings that 
produces a smooth, tight, wrinkle-free surface.  Conform to requirements 
of SAE AMS 3779 , ASTM D579/D579M, and ASTM C921 for tape, weighing not 
less than  10 ounces per square yard .

2.3   MATERIALS

Submit manufacturer's catalog data for the following items:

a.  Adhesives

b.  Coatings

c.  Insulating Cement

d.  Insulation Materials

e.  Jacketing

f.  Tape

Provide compatible materials that do not contribute to corrosion, soften, 
or otherwise attack surfaces to which applied, in either the wet or dry 
state.  Meet ASTM C795 requirements for materials to be used on stainless 
steel surfaces.  Provide materials that are asbestos free.

PART 3   EXECUTION

Apply insulation only to the system or component surfaces that have 
previously been tested and approved by the Contracting Officer.

3.1   PREPARATION

Submit installation drawings  for pipe insulation, conforming with the 
adhesive manufacturer's written instructions for installation.  Submit 
installation manual  clearly stating the manufacturer's instructions for 
insulation materials.

Clean surfaces to remove oil and grease before insulation adhesives or 
mastics are applied.  Provide solvent cleaning required to bring metal 
surfaces to such condition.

3.2   INSTALLATION OF INSULATION SYSTEMS

Apply materials in conformance with the recommendations of the 
manufacturer.

Install smooth and continuous contours on exposed work.  Smoothly and 
securely paste down cemented laps, flaps, bands, and tapes.  Apply 
adhesives on a full-coverage basis.

Install insulation lengths tightly butted against each other at joints.  
Where lengths are cut, provide smooth and square and without breakage of 
end surfaces.  Where insulation terminates, neatly taper and effectively 
seal ends, or finish as specified.  Direct longitudinal seams of exposed 
insulation away from normal view.
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Use insulation meeting maximum value conductance as tested at any point, 
do not use an average.  Meet or exceed the specified maximum conductance 
by adding additional insulation thickness.

3.2.1   Hot-Water, Steam, and Condensate-Return Piping

Install a mineral fiber insulation with glass cloth jacket, Type T-2, with 
a thickness of not less than required by 2018 IECC .  Insulate aboveground 
pipes, valve bodies, fittings, unions, flanges, and miscellaneous surfaces.

3.2.2   Cold-Water and Condensate-Drain Piping

Insulate aboveground pipes, valve bodies, fittings, unions, flanges, and 
miscellaneous surfaces.

Provide  3/8 inch  mineral fiber insulation with glass cloth jacket, Type 
T-2, with a thickness of not less than required by 2018 IECC .

3.2.3   Refrigerant Suction Piping

Install a cellular-elastomer insulation, Type T-3, with a nominal 
thickness of  3/4-inch .  Insulate surfaces, including valve, fittings, 
unions, and flanges.

3.3   APPLICATION

3.3.1   Type T-1, Mineral Fiber with Vapor-Barrier Jacket

Apply factory and field attached vapor barrier jacket to piping insulated 
with mineral fiber.  Maintain vapor seal.  Securely cement jackets, jacket 
laps, flaps, and bands in place with vapor-barrier adhesive.  Provide 
jacket overlaps not less than  1-1/2 inches  and jacketing bands for butt 
joints  3-inches  in width.

Insulate exposed-to-view fittings and valve bodies with preformed 
mineral-fiber of the same thickness as the pipe-barrel insulation.  
Temporarily secure fitting insulation in place with light cord ties.  
Apply a  60-mil  coating of white indoor vapor-barrier coating and, while 
still wet, wrap with glass lagging tape with 50 percent overlap, and 
smoothly blend into the adjacent jacketing.  Apply additional coating as 
needed with rubber-gloved hands to smooth fillets or contour coating.  
Allow to fully cure before the finish coating is applied.  Field fabricate 
and install insulation for concealed fittings and special configurations.  
Build up insulation from mineral fiber and a special mastic consisting of 
a mixture of insulating cement and lagging adhesive diluted with 3 parts 
water.  Where standard vapor-barrier jacketing cannot be used, make the 
surfaces vapor tight by using coating and glass lagging cloth or tape as 
previously specified.

In lieu of materials and methods previously specified, fittings may be 
wrapped with a twine-secured, mineral-wool blanket to the required 
thickness and covered with premolded polyvinylchloride jackets.  Make 
seams vapor tight with a double bead of manufacturer's standard 
vapor-barrier adhesive applied in accordance with the manufacturer's 
instructions.  Hold all jacket ends in place with AISI 300 series 
corrosion-resistant steel straps,  15-mils  thick by  1/2-inch  wide.

Set pipe insulation into an outdoor vapor-barrier coating applied 
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intermittently over a minimum length of  6 inches  at maximum  12 feet  
spacing.  Seal the ends of the insulation to the jacketing with the same 
coating material to provide an effective vapor-barrier stop.

Do not use staples as a means to apply insulation.  Install continuous 
vapor-barrier materials over all surfaces, including areas inside pipe 
sleeves, hangers, and other concealment.

Provide piping insulation at hangers consisting of  13-pounds per cubic foot
 density; fibrous-glass inserts or expanded, rigid, closed-cell, 
polyvinylchloride.  Where required, seal junctions with vapor-barrier 
jacket, glass-cloth mesh tape, and vapor-barrier coating.

Expose white-bleached kraft paper side of the jacketing to view.

Finish exposed-to-view insulation with not less than a  6-mil  dry-film 
thickness of nonvapor-barrier coating suitable for painting.

3.3.2   Type T-2, Mineral Fiber with Glass Cloth Jacket

Apply factory attached presized, white, glass cloth jacket to piping 
insulated with mineral fiber.  Securely cement jackets, jacket laps, 
flaps, and bands in place with vapor-barrier adhesive.  Provide jacket 
overlaps not less than  1-1/2 inches  and jacketing bands for butt joints  3 
inches wide.

Insulate exposed-to-view fittings with preformed mineral-fiber of the same 
thickness as the pipe insulation.  Temporarily secure in place with light 
cord ties.  Install impregnated glass lagging tape with indoor 
vapor-barrier on 50 percent overlap basis.  Blend tape smoothly into the 
adjacent jacketing.  Apply additional coating as needed, using rubber 
gloved hands to a smooth fillets or contour coatings.  Tape ends of 
insulation to the pipe at valves  2 inches  and smaller.  Field fabricate 
and install insulation for concealed fittings and special configurations.  
Build up insulation from mineral fiber and a mixture of insulating cement 
and lagging adhesive, diluted with 3 parts water.  Finish surfaces with 
glass cloth or tape lagging.

Cover all valves  2-1/2 inches  and larger and all flanges with preformed 
insulation of the same thickness as the adjacent insulation.

3.3.3   Type T-3, Cellular Elastomer

Cover piping-system surfaces with flexible cellular-elastomer sheet or 
preformed insulation.  Maintain vapor seal.  Cement insulation into 
continuous material using a solvent cutback chloroprene adhesive 
recommended by the manufacturer for the specific purpose.  Apply adhesive 
to both of the contact surfaces on a 100-percent coverage basis to a 
minimum thickness of  10-mils  wet or approximately  150 square feet per 
gallon  of undiluted adhesive.

Set cold water piping insulation into an outdoor vapor-barrier coating 
applied intermittently over a minimum length of  6 inches at maximum 
intervals of  12 feet .  At piping supports, ensure insulation is continuous 
by using outside-carrying type clevis hangers with insulation shield.  
Install Cork load-bearing inserts between the pipe and insulation shields 
to prevent insulation compression.

Insulate hot-water, cold-water, and condensate drain pipes to the extent 

SECTION 22 07 19.00 40  Page 9



Hill Air Force Base, UT, Building 591 HILL591

shown with nominal  3/8-inch  thick, fire retardant (FR), cellular 
elastomer, preformed pipe insulation.  Seal joints with adhesive.

At pipe hangers or supports where the insulation rests on the pipe hanger 
strap, cut the insulation with a brass cork borer and insert a No. 3 
superior grade cork.  Seal seams with approved adhesive.  Insulate sweat 
fitting with miter-cut pieces of cellular elastomer insulation of the same 
nominal pipe size and thickness as the insulation on the adjacent piping 
or tubing.  Join miter-cut pieces with approved adhesive.  Slit and snap 
covers over the fitting, and seal joints with approved adhesive.

Insulate screwed fittings with sleeve-type covers formed from miter-cut 
pieces of cellular elastomer thermal insulation having an inside diameter 
large enough to overlap adjacent pipe insulation.  Lap pipe insulation 
against fittings, and overlap not less than  1 inch .  Use adhesive to join 
cover pieces and cement the cover to the pipe insulation.

Finish surfaces exposed to view or ultraviolet light with not less than a  2
 mil  minimum dry-film thickness application of a polyvinylchloride lacquer 
recommended by the manufacturer. Apply in not less than two coats.

3.3.4   Type T-4, Cellular Glass with Vapor-Barrier Jacket

Apply factory and field attached vapor barrier jacket to piping insulated 
with cellular glass.  Maintain vapor seal.  Securely cement jackets, 
jacket laps, flaps, and bands in place with vapor-barrier adhesive.  
Provide jacket overlaps not less than  1-1/2 inches .  Provide jacket bands 
for butt joints of not less than 3 inches  width.  Provide insulation 
continuous through hangers.  Bed insulation in an outdoor vapor-barrier 
coating applied to all piping surfaces.

Insulate flanges, unions, valves, anchors, and fittings with factory 
premolded or prefabricated or field fabricated segments of insulation of 
the same material and thickness as the adjoining pipe insulation.  When 
segments of insulation are used, provide elbows with not less than three 
segments.  For other fittings and valves, cut segments to the required 
curvature or nesting size.

Secure segments of the insulation in place with twine or copper wire.  
After the insulation segments are firmly in place, apply a vapor-barrier 
coating over the insulation in two coats with glass tape imbedded between 
coats.  Vary the tint of the first coat from the expected white color of 
the second coat to ensure the complete application of the two coats.  
Apply coatings to a total dry-film thickness of  1/16 inch  minimum.  
Overlap glass tape seams not less than 1inch  and tape ends not less than  4
inches .

In lieu of materials and methods specified above, fittings may be wrapped 
with  3/8-inch  thick, vapor-barrier, adhesive-coated strips of cellular 
elastomer insulation.  Install insulation under tension, compressed to 25 
percent of original thickness, and wrapped until overall thickness is 
equal to adjacent insulation.  Secure cellular elastomer in place with 
twine and sealed with vapor-barrier coating applied to produce not less 
than  1/16-inch dry-film thickness.  Cover fittings with premolded 
polyvinylchloride jackets.  Make seams vapor-tight with a double bead of 
manufacturer's standard vapor-barrier adhesive applied in accordance with 
the manufacturer's instructions.  Hold jacket ends in place with AISI 300 
series corrosion-resistant steel straps,  15-mils  thick by  1/2-inch  wide.
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To prevent condensation, insulate anchors secured directly to piping for 
not less than  6 inches  from the surface of the pipe insulation.

Install white-bleached kraft paper side of jacket exposed to view.

Finish exposed-to-view insulation with not less than a  6-mil  dry-film 
thickness of nonvapor-barrier coating suitable for painting.

3.3.5   Type T-5, Calcium Silicate with Glass Cloth Jacket (Piping)

Apply factory attached presized, white glass cloth jacket to piping 
insulated with calcium silicate.  Field apply jackets when required.  
Securely cement jackets, jacket laps, flaps, and bands in place with 
vapor-barrier adhesive.  Ensure jacket overlap is not less than  1-1/2 
inches  and jacketing bands for butt joints are  4 inches  wide.  Fabricate 
fittings from segmented pipe barrel sections bedded in general purpose 
insulating cement and wired in place.  Fill voids with a general purpose 
insulating cement with not less than  1/4 inch  thick, final coating.  
Apply glass lagging tape with a minimum overlap of 50 percent glass 
lagging tape with lagging adhesive, blended smoothly into adjacent 
jacketing.  Apply additional adhesive as needed using rubber-gloved hands 
to smooth filets and contour coatings.

3.3.6   Type T-6, Mineral Fiber with Aluminum Jacket

Apply factory or field attached aluminum jacket to piping insulated with 
mineral fiber.

Insulate fittings and valve bodies with preformed mineral-fiber of the 
same thickness as the pipe-barrel insulation.  Temporarily secure fitting 
insulation in place with light cord ties.  Apply a  60-mil  coating of 
vapor-barrier mastic, and while still tacky, wrap with glass lagging tape.

Apply additional mastic as needed using rubber-gloved hands to smooth 
fillets or contour coatings.  Field fabricate and install insulation for 
special configurations.  Build up insulation from mineral fiber and a 
mixture of insulating cement and lagging adhesive diluted with 3 parts 
water.  Only where standard aluminum jacketing cannot be used, make the 
surfaces vapor-tight by using mastic and glass lagging cloth or tape as 
specified above with an added finish coat of mastic.

Set pipe insulation into outdoor vapor-barrier coating applied 
intermittently over a minimum length of  6-inches  with a maximum coating 
application of  12-foot .  Seal ends of the insulation to the jacketing with 
the same coating material to provide effective vapor barrier stops.

Install continuous vapor barrier over all surfaces, including areas inside 
pipe sleeves, hangers, and other concealment.

Apply piping insulation to both sides of pipe hangers.  Insulate junctions 
with a special mastic mixture, glass cloth mesh tape, and mastic as 
previously specified.

Securely cement jacket laps, flaps, and bands in place with aluminum 
jacket sealant.  Provide  6 inch  wide minimum jacketing bands for butt 
joints.

Wherever possible, lap joints against the weather so that the water runs 
off the lower edge and in accordance with the pipe drainage pitch.  Locate 
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longitudinal laps on horizontal lines 45 degrees below the horizontal 
centerline and alternately staggered  1 inch .  Lap jacketing material a 
minimum of  2 inches , circumferentially sealed with mastic, and strapped to 
provide a waterproof covering throughout.  Locate straps  8 inches  on 
center and pull up tight to hold jacketing securely in place.  Use screws 
in addition to straps when necessary to obtain a waterproof covering.  
Place extra straps on each side of supporting devices and at openings.  
Where flanging access occurs, strap a chamfer sheet to the pipe at 
jacketing.

Stiffen exposed longitudinal edges of aluminum jacketing by bending a  1 
inch  hem on one edge.

Provide expansion joints for maximum and minimum dimensional fluctuations.

To prevent corrosion, do not allow the aluminum jacketing to come in 
direct contact with other types of metal.

At openings in jacket, apply an outdoor vapor-barrier coating for  2 inches  
in all directions.  Apply jacketing while waterproofing is tacky.

Use screws at each corner of each sheet, at fitting jackets, and as 
necessary for the service.  Place Number 7,  3/8 inch  long, binding-head 
aluminum sheet metal screws through the mastic seal.

3.3.7   Type T-7, Calcium Silicate with Glass Cloth Jacket (Surfaces)

Cover surfaces with insulation block bedded in an insulating cement and 
covered with glass cloth jacketing.

Clean surfaces with a chlorinated solvent.  Mix general purpose insulating 
cement with 3 parts water to 1 part nonvapor-barrier adhesive to bring to 
application consistency.  Set block into bedding and joints and fill 
spaces with a bedding mix and wrap with galvanized chicken wire mesh well 
laced into an envelope.  Trowel a  3/8 inch  thick coating of bedding mix 
jacket on the nonvapor-barrier adhesive and glass cloth.  Finish surfaces 
with not less than a  6-mil  dry-film thickness of nonvapor-barrier coating.

Aluminum sheet jacketing may be used in lieu of glass cloth.

3.3.8   Type T-9, Cellular Elastomer

Clean pump surfaces with solvent.  Apply not less than  1 inch  of general 
purpose insulating cement, mixed with nonvapor-barrier adhesive diluted 
with 3 parts water, to achieve smooth surface and configuration contours.  
After all water has been removed, cover surfaces with  1/2 inch  thick 
cellular elastomer insulation, attached and joined into a continuous sheet 
with an outdoor vapor-barrier coating recommended by the insulation 
manufacturer for the specific purpose.  Apply coating to both of the 
contact surfaces on a 100-percent coverage basis with a minimum thickness 
of  10 mils wet.  Blend coating into the adjacent flange insulation.  Cover 
joint with a band of cellular elastomer equal to the flange assembly 
width.  Use same coating to seal insulation to the casing at penetrations 
and terminations.  Insulate pumps in a manner that permits insulation to 
be removed to repair or replace pumps.

Finish insulation with a  2 mil  minimum dry-film application of a 
polyvinylchloride lacquer coating recommended by the manufacturer and 
applied in not less than two coats.
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3.3.9   Type T-10, Mineral-Fiber Fill

Pack voids surrounding pipe with mineral-fiber fill.

3.3.10   Type T-17, Calcium Silicate Weatherproof Jacket

Cover piping system surfaces with calcium silicate insulation.  Cover 
fittings and valve bodies with preformed insulation of the same material 
and thickness as the adjoining pipe insulation.

3.4   CLOSEOUT ACTIVITIES

Final acceptance of the performed work is dependent upon providing Record 
Drawings  details to the Contracting Officer.  Include construction 
details, by building area, the insulation material type, amount, and 
installation method.  An illustration or map of the pipe routing locations 
may serve this purpose.

Provide a cover letter/sheet clearly marked with the system name, date, 
and the words "Record Drawings Insulation/Material" for the data.  Forward 
to the Condition Monitoring Office for inclusion in the Maintenance 
Database."

        -- End of Section --
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SECTION 23 00 00

AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS
08/18

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

AMCA 201 (2002; R 2011) Fans and Systems

AMCA 210 (2016) Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating

AMCA 300 (2014) Reverberant Room Method for Sound 
Testing of Fans

AMCA 301 (2014) Methods for Calculating Fan Sound 
Ratings from Laboratory Test Data

AMCA 500-D (2018) Laboratory Methods of Testing 
Dampers for Rating

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 410 (2001; Addendum 1 2002; Addendum 2 2005; 
Addendum 3 2011) Forced-Circulation 
Air-Cooling and Air-Heating Coils

AHRI 430 (2009) Central-Station Air-Handling Units

AHRI Guideline D (1996) Application and Installation of 
Central Station Air-Handling Units

AMERICAN BEARING MANUFACTURERS ASSOCIATION (ABMA)

ABMA 9 (2015) Load Ratings and Fatigue Life for 
Ball Bearings

ABMA 11 (2014) Load Ratings and Fatigue Life for 
Roller Bearings

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 52.2 (2012) Method of Testing General 
Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size

ASHRAE 62.1 (2010) Ventilation for Acceptable Indoor 
Air Quality
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ASHRAE 70 (2006; R 2011) Method of Testing for 
Rating the Performance of Air Outlets and 
Inlets

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

ASME INTERNATIONAL (ASME)

ASME A13.1 (2015) Scheme for the Identification of 
Piping Systems

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2018) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A167 (2011) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM B209 (2014) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM B280 (2018) Standard Specification for Seamless 
Copper Tube for Air Conditioning and 
Refrigeration Field Service

ASTM B766 (1986; R 2015) Standard Specification for 
Electrodeposited Coatings of Cadmium

ASTM C553 (2013) Standard Specification for Mineral 
Fiber Blanket Thermal Insulation for 
Commercial and Industrial Applications

ASTM C1071 (20162019) Standard Specification for 
Fibrous Glass Duct Lining Insulation 
(Thermal and Sound Absorbing Material)

ASTM E2016 (2015) Standard Specification for 
Industrial Woven Wire Cloth

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2016; SUPP 20162018) Motors and Generators
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NEMA MG 10 (2017) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2018) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NFPA 701 (2019) Standard Methods of Fire Tests for 
Flame Propagation of Textiles and Films

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1966 (2005) HVAC Duct Construction Standards 
Metal and Flexible, 3rd Edition

SMACNA 1981 (2008) Seismic Restraint Manual Guidelines 
for Mechanical Systems, 3rd Edition

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-101 (2014; Rev C) Color Code for Pipelines and 
for Compressed Gas Cylinders

U.S. DEPARTMENT OF ENERGY (DOE)

Energy Star (1992; R 2006) Energy Star Energy 
Efficiency Labeling System (FEMP)

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 82 Protection of Stratospheric Ozone

UNDERWRITERS LABORATORIES (UL)

UL 6 (2007; Reprint Nov 2014) Electrical Rigid 
Metal Conduit-Steel

UL 181 (2013; Reprint Apr 2017) UL Standard for 
Safety Factory-Made Air Ducts and Air 
Connectors

UL 586 (2009; Reprint Dec 2017) UL Standard for 
Safety High-Efficiency Particulate, Air 
Filter Units

UL 705 (2017; Reprint Oct 2018) UL Standard for 
Safety Power Ventilators
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UL 900 (2015) Standard for Air Filter Units

UL 1995 (2015) UL Standard for Safety Heating and 
Cooling Equipment

UL 2021 (2015; Reprint Dec 2016) UL Standard for 
Safety Fixed and Location-Dedicated 
Electric Room Heaters

UL Bld Mat Dir (updated continuously online) Building 
Materials Directory

UL Electrical Constructn (2012) Electrical Construction Equipment 
Directory

1.2   SYSTEM DESCRIPTION

Furnish ductwork, piping offsets, fittings, and accessories as required to 
provide a complete installation.  Coordinate the work of the different 
trades to avoid interference between piping, equipment, structural, and 
electrical work.  Provide complete, in place, all necessary offsets in 
piping and ductwork, and all fittings, and other components, required to 
install the work as indicated and specified.

1.2.1   Mechanical Equipment Identification

The number of charts and diagrams must be equal to or greater than the 
number of mechanical equipment rooms.  Where more than one chart or 
diagram per space is required, mount these in edge pivoted, swinging leaf, 
extruded aluminum frame holders which open to 170 degrees.

1.2.1.1   Charts

Provide chart listing of equipment by designation numbers and capacities 
such as flow rates, pressure and temperature differences, heating and 
cooling capacities, horsepower, pipe sizes, and voltage and current 
characteristics.

1.2.1.2   Diagrams

Submit proposed diagrams, at least 2 weeks prior to start of related 
testing.  provide neat mechanical drawings provided with extruded aluminum 
frame under  1/8-inch  glass or laminated plastic, system diagrams that 
show the layout of equipment, piping, and ductwork, and typed condensed 
operation manuals explaining preventative maintenance procedures, methods 
of checking the system for normal, safe operation, and procedures for 
safely starting and stopping the system.  After approval, post these items 
where directed.

1.2.2   Service Labeling

Label equipment, including fans, air handlers, terminal units, etc. with 
labels made of self-sticking, plastic film designed for permanent 
installation.  Provide labels in accordance with the typical examples 
below:
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SERVICE LABEL AND TAG DESIGNATION

Air handling unit Number AHU - 4

Control and instrument air CONTROL AND INSTR.

Exhaust Fan Number EF -  1

Identify similar services with different temperatures or pressures.  Where 
pressures could exceed  125 pounds per square inch, gage , include the 
maximum system pressure in the label.  Label and arrow piping in 
accordance with the following:

a.  Each point of entry and exit of pipe passing through walls.

b.  Each change in direction, i.e., elbows, tees.

c.  In congested or hidden areas and at all access panels at each point 
required to clarify service or indicated hazard.

d.  In long straight runs, locate labels at distances within eyesight of 
each other not to exceed  75 feet .  All labels must be visible and 
legible from the primary service and operating area.

For Bare or Insulated Pipes

for Outside Diameters of Lettering

1/2 thru 1-3/8 inch 1/2 inch 

1-1/2 thru 2-3/8 inch 3/4 inch

2-1/2 inch and larger 1-1/4 inch

1.2.3   Color Coding

Color coding of all piping systems must be in accordance with ASME A13.1  
MIL-STD-101 .

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Detail Drawings ; G

SD-03 Product Data

SECTION 23 00 00  Page 5



Hill Air Force Base, UT, Building 591 HILL591

Metallic Flexible Duct

Insulated Nonmetallic Flexible Duct Runouts

Duct Connectors

Duct Access Doors ; G

Fire Dampers

Manual Balancing Dampers ; G

Automatic Smoke-Fire Dampers

Sound Attenuation Equipment

Acoustical Duct Liner

Diffusers

Registers and Grilles

Louvers

Air Vents, Penthouses, and Goosenecks

Centrifugal Fans

In-Line Centrifugal Fans

Axial Flow Fans

Panel Type Power Wall Ventilators

Centrifugal Type Power Wall Ventilators

Centrifugal Type Power Roof Ventilators

Propeller Type Power Roof Ventilators

Air-Curtain Fans

Ceiling Exhaust Fans

Energy Star  label for ceiling exhaust fan product ; S

Air Handling Units ; G

Room Fan-Coil Units ; G

Coil Induction Units ; G

Constant Volume, Single Duct Terminal Units ; G

Variable Volume, Single Duct Terminal Units ; G

Variable Volume, Single Duct, Fan-Powered Terminal Units ; G
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Dual Duct Terminal Units ; G

Ceiling Induction Terminal Units ; G

Reheat Units ; G

Unit Ventilators

Energy Recovery Devices ; G

Hydronic Modular Panels ; G

Prefabricated Radiant-Heating Electric Panels ; G

Test Procedures

Diagrams ; G

Indoor Air Quality for Duct Sealants ; S

SD-06 Test Reports

Performance Tests ; G

Damper Acceptance Test ; G

SD-07 Certificates

Bolts
Ozone Depleting Substances Technician Certification

SD-08 Manufacturer's Instructions

Manufacturer's Installation Instructions

Operation and Maintenance Training

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals ; G

Fire Dampers ; G

Manual Balancing Dampers ; G

Automatic Smoke-Fire Dampers ; G

Centrifugal Fans ; G

In-Line Centrifugal Fans ; G

Axial Flow Fans ; G

Panel Type Power Wall Ventilators ; G

Centrifugal Type Power Wall Ventilators ; G

Centrifugal Type Power Roof Ventilators ; G
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Propeller Type Power Roof Ventilators ; G

Air-Curtain Fans ; G

Ceiling Exhaust Fans ; G

Air Handling Units ; G

Room Fan-Coil Units ; G

Coil Induction Units ; G

Constant Volume, Single Duct Terminal Units ; G

Variable Volume, Single Duct Terminal Units ; G

Variable Volume, Single Duct, Fan-Powered Terminal Units ; G

Dual Duct Terminal Units ; G

Ceiling Induction Terminal Units ; G

Reheat Units ; G

Unit Ventilators ; G

Energy Recovery Devices ; G

Hydronic Modular Panels ; G

Prefabricated Radiant-Heating Electric Panels ; G

SD-11 Closeout Submittals

Indoor Air Quality During Construction ; S

1.4   QUALITY ASSURANCE

Except as otherwise specified, approval of materials and equipment is 
based on manufacturer's published data.

a.  Where materials and equipment are specified to conform to the 
standards of the Underwriters Laboratories, the label of or listing 
with reexamination in UL Bld Mat Dir , and UL 6  is acceptable as 
sufficient evidence that the items conform to Underwriters 
Laboratories requirements.  In lieu of such label or listing, submit a 
written certificate from any nationally recognized testing agency, 
adequately equipped and competent to perform such services, stating 
that the items have been tested and that the units conform to the 
specified requirements.  Outline methods of testing used by the 
specified agencies.

b.  Where materials or equipment are specified to be constructed or 
tested, or both, in accordance with the standards of the ASTM 
International (ASTM), the ASME International (ASME), or other 
standards, a manufacturer's certificate of compliance of each item is 
acceptable as proof of compliance.
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c.  Conformance to such agency requirements does not relieve the item from 
compliance with other requirements of these specifications.

1.4.1   Prevention of Corrosion

Protect metallic materials against corrosion.  Provide rust-inhibiting 
treatment and standard finish for the equipment enclosures.  Do not use 
aluminum in contact with earth, and where connected to dissimilar metal.  
Protect aluminum by approved fittings, barrier material, or treatment.  
Provide hot-dip galvanized ferrous parts such as anchors, bolts, braces, 
boxes, bodies, clamps, fittings, guards, nuts, pins, rods, shims, 
thimbles, washers, and miscellaneous parts not of corrosion-resistant 
steel or nonferrous materials in accordance with ASTM A123/A123M  for 
exterior locations and cadmium-plated in conformance with ASTM B766 for 
interior locations.

1.4.2   Asbestos Prohibition

Do not use asbestos and asbestos-containing products.

1.4.3   Ozone Depleting Substances Technician Certification

All technicians working on equipment that contain ozone depleting 
refrigerants must be certified as a Section 608 Technician to meet 
requirements in 40 CFR 82 , Subpart F.  Provide copies of technician 
certifications to the Contracting Officer at least 14 calendar days prior 
to work on any equipment containing these refrigerants.

1.4.4   Detail Drawings

Submit detail drawings showing equipment layout, including assembly and 
installation details and electrical connection diagrams; ductwork layout 
showing the location of all supports and hangers, typical hanger details, 
gauge reinforcement, reinforcement spacing rigidity classification, and 
static pressure and seal classifications.  Include any information 
required to demonstrate that the system has been coordinated and functions 
properly as a unit on the drawings and show equipment relationship to 
other parts of the work, including clearances required for operation and 
maintenance.  Submit drawings showing bolt-setting information, and 
foundation bolts prior to concrete foundation construction for all 
equipment indicated or required to have concrete foundations.  Submit 
function designation of the equipment and any other requirements specified 
throughout this Section with the shop drawings.

1.4.5   Test Procedures

Submit proposed test procedures and test schedules for the  performance 
tests of systems, at least 2 weeks prior to the start of related testing.

1.5   DELIVERY, STORAGE, AND HANDLING

Protect stored equipment at the jobsite from the weather, humidity and 
temperature variations, dirt and dust, or other contaminants.  
Additionally, cap or plug all pipes until installed.
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PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide components and equipment that are "standard products" of a 
manufacturer regularly engaged in the manufacturing of products that are 
of a similar material, design and workmanship.  "Standard products" is 
defined as being in satisfactory commercial or industrial use for 2 years 
before bid opening, including applications of components and equipment 
under similar circumstances and of similar size, satisfactorily completed 
by a product that is sold on the commercial market through advertisements, 
manufacturers' catalogs, or brochures.  Products having less than a 2-year 
field service record are acceptable if a certified record of satisfactory 
field operation, for not less than 6000 hours exclusive of the 
manufacturer's factory tests, can be shown.  Provide equipment items that 
are supported by a service organization.

2.2   IDENTIFICATION PLATES

In addition to standard manufacturer's identification plates, provide 
engraved laminated phenolic identification plates for each piece of 
mechanical equipment.  Identification plates are to designate the function 
of the equipment.  Submit designation with the shop drawings.  Provide 
identification plates that are layers, black-white-black, engraved to show 
white letters on black background.  Letters must be upper case.  
Identification plates that are  1-1/2-inches  high and smaller must be  
1/16-inch  thick, with engraved lettering  1/8-inch  high; identification 
plates larger than  1-1/2-inches  high must be  1/8-inch  thick, with engraved 
lettering of suitable height.  Identification plates  1-1/2-inches  high and 
larger must have beveled edges.  Install identification plates using a 
compatible adhesive.

2.3   EQUIPMENT GUARDS AND ACCESS

Fully enclose or guard belts, pulleys, chains, gears, couplings, 
projecting setscrews, keys, and other rotating parts exposed to personnel 
contact according to OSHA requirements.  Properly guard or cover with 
insulation of a type specified, high temperature equipment and piping 
exposed to contact by personnel or where it creates a potential fire 
hazard.  

2.4   ELECTRICAL WORK

a.  Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment, except controllers 
indicated as part of motor control centers.  Provide electrical 
equipment, including motors and wiring, as specified in Section 
26 20 00 INTERIOR DISTRIBUTION SYSTEM.  Provide manual or automatic 
control and protective or signal devices required for the operation 
specified and control wiring required for controls and devices 
specified, but not shown.  For packaged equipment, include 
manufacturer provided controllers with the required monitors and timed 
restart.

b.  For single-phase motors, provide high-efficiency type, 
fractional-horsepower alternating-current motors, including motors 
that are part of a system, in accordance with NEMA MG 11.  Provide 
premium efficiency type integral size motors in accordance with 
NEMA MG 1.
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c.  For polyphase motors, provide squirrel-cage medium induction motors, 
including motors that are part of a system , and that meet the 
efficiency ratings for premium efficiency motors in accordance with 
NEMA MG 1.  Select premium efficiency polyphase motors in accordance 
with NEMA MG 10.

d.  Provide motors in accordance with NEMA MG 1 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Provide motors rated for continuous 
duty with the enclosure specified.  Provide motor duty that allows for 
maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Provide motor torque capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period.  Provide motor starters complete with thermal overload 
protection and other necessary appurtenances.  Fit motor bearings with 
grease supply fittings and grease relief to outside of the enclosure.

e.  

2.5   ANCHOR BOLTS

Provide anchor bolts for equipment placed on concrete equipment pads or on 
concrete slabs.  Bolts to be of the size and number recommended by the 
equipment manufacturer and located by means of suitable templates.  
Installation of anchor bolts must not degrade the surrounding concrete.

2.6   SEISMIC ANCHORAGE

Anchor equipment in accordance with applicable seismic criteria for the 
area and as defined in SMACNA 1981

2.7   PAINTING

Paint equipment units in accordance with approved equipment manufacturer's 
standards unless specified otherwise.  Field retouch only if approved.  
Otherwise, return equipment to the factory for refinishing.

2.8   INDOOR AIR QUALITY

Provide equipment and components that comply with the requirements of 
ASHRAE 62.1  unless more stringent requirements are specified herein.

2.9   DUCT SYSTEMS

2.9.1   Metal Ductwork

Provide metal ductwork construction, including all fittings and 
components, that complies with SMACNA 1966, as supplemented and modified 
by this specification .

a.  Provide radius type elbows with a centerline radius of 1.5 times the 
width or diameter of the duct where space permits.  Otherwise, elbows 
having a minimum radius equal to the width or diameter of the duct or 
square elbows with factory fabricated turning vanes are allowed.
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b.  Provide ductwork that meets the requirements of Seal Class C.  Provide 
ductwork in VAV systems upstream of the VAV boxes that meets the 
requirements of Seal Class A.

c.  Provide sealants that conform to fire hazard classification specified 
in Section 23 07 00  THERMAL INSULATION FOR MECHANICAL SYSTEMS and are 
suitable for the range of air distribution and ambient temperatures to 
which it is exposed.  Do not use pressure sensitive tape as a 
sealant.  Provide duct sealant products that meet either emissions 
requirements of CDPH SECTION 01350  (limit requirements for either 
office or classroom spaces regardless of space type) or VOC content 
requirements of SCAQMD Rule 1168  (HVAC duct sealants are classified as 
"Other" within the SCAQMD Rule 1168  sealants table).  Provide 
validation of indoor air quality for duct sealants .

d.  Make spiral lock seam duct, and flat oval with duct sealant and lock 
with not less than 3 equally spaced drive screws or other approved 
methods indicated in SMACNA 1966.  Apply the sealant to the exposed 
male part of the fitting collar so that the sealer is on the inside of 
the joint and fully protected by the metal of the duct fitting.  Apply 
one brush coat of the sealant over the outside of the joint to at least
 2 inch  band width covering all screw heads and joint gap.  Dents in 
the male portion of the slip fitting collar are not acceptable.  
Fabricate outdoor air intake ducts and plenums with watertight 
soldered or brazed joints and seams.

2.9.1.1   Metallic Flexible Duct

a.  Provide duct that conforms to UL 181  and NFPA 90A with factory-applied 
insulation, vapor barrier, and end connections.  Provide duct assembly 
that does not exceed 25 for flame spread and 50 for smoke developed.  
Provide ducts designed for working pressures of  2 inches water gauge 
positive  and  1.5 inches water gauge negative .  Provide flexible round 
duct length that does not exceed  5 feet .  Secure connections by 
applying adhesive for  2 inches  over rigid duct, apply flexible duct  2 
inches  over rigid duct, apply metal clamp, and provide minimum of 
three No. 8 sheet metal screws through clamp and rigid duct.

b.  Inner duct core:  Provide interlocking spiral or helically corrugated 
flexible core constructed of zinc-coated steel, aluminum, or stainless 
steel; or constructed of inner liner of continuous galvanized spring 
steel wire helix fused to continuous, fire-retardant, flexible vapor 
barrier film, inner duct core.

c.  Insulation:  Provide inner duct core that is insulated with mineral 
fiber blanket type flexible insulation, minimum of  1 inch  thick.  
Provide insulation covered on exterior with manufacturer's standard 
fire retardant vapor barrier jacket for flexible round duct.

2.9.1.2   Insulated Nonmetallic Flexible Duct Runouts

Use flexible duct runouts only where indicated.  Runout length is 
indicated on the drawings, and is not to exceed  5 feet .  Provide runouts 
that are preinsulated, factory fabricated, and that comply with NFPA 90A 
and UL 181 .  Provide either field or factory applied vapor barrier.  
Provide not less than  20 ounce  glass fabric duct connectors  coated on both 
sides with neoprene.  Where coil induction or high velocity units are 
supplied with vertical air inlets, use a streamlined, vaned and mitered 
elbow transition piece for connection to the flexible duct or hose.  
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Provide a die-stamped elbow and not a flexible connector as the last elbow 
to these units other than the vertical air inlet type.  Insulated flexible 
connectors are allowed as runouts.  Provide insulated material and vapor 
barrier that conform to the requirements of Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.  Do not expose the insulation material 
surface to the air stream.

2.9.1.3   General Service Duct Connectors

Provide a flexible duct connector approximately  6 inches  in width where 
sheet metal connections are made to fans or where ducts of dissimilar 
metals are connected.  For round/oval ducts, secure the flexible material 
by stainless steel or zinc-coated, iron clinch-type draw bands.  For 
rectangular ducts, install the flexible material locked to metal collars 
using normal duct construction methods.  Provide a composite connector 
system that complies with NFPA 701  and is classified as "flame-retardent 
fabrics" in UL Bld Mat Dir .

2.9.1.4   Aluminum Ducts

 ASTM B209, alloy 3003-H14 for aluminum sheet and alloy 6061-T6 or 
equivalent strength for aluminum connectors and bar stock.

2.9.2   Duct Access Doors

Provide hinged access doors conforming to SMACNA 1966 in ductwork and 
plenums where indicated and at all air flow measuring primaries, automatic 
dampers, fire dampers, coils, thermostats, and other apparatus requiring 
service and inspection in the duct system.  Provide access doors upstream 
and downstream of air flow measuring primaries and heating and cooling 
coils.  Provide doors that are a minimum  15 by 18 inches , unless otherwise 
shown.  Where duct size does not accommodate this size door, make the 
doors as large as practicable.  Equip doors  24 by 24 inches  or larger with 
fasteners operable from inside and outside the duct.  Use insulated type 
doors in insulated ducts.

2.9.3   Manual Balancing Dampers

Furnish manual balancing dampers with accessible operating mechanisms.  
Use chromium plated operators (with all exposed edges rounded) in finished 
portions of the building.  Provide manual volume control dampers that are 
operated by locking-type quadrant operators.  Install dampers that are 2 
gauges heavier than the duct in which installed.  Unless otherwise 
indicated, provide opposed blade type multileaf dampers with maximum blade 
width of  12 inches .  Provide access doors or panels for all concealed 
damper operators and locking setscrews.  Provide stand-off mounting 
brackets, bases, or adapters not less than the thickness of the insulation 
when the locking-type quadrant operators for dampers are installed on 
ducts to be thermally insulated, to provide clearance between the duct 
surface and the operator.  Provide stand-off mounting items that are 
integral with the operator or standard accessory of the damper 
manufacturer.

2.9.4   Air Supply And Exhaust Air Dampers

Provide outdoor air supply and exhaust air dampers that have a maximum 
leakage rate when tested in accordance with AMCA 500-D as required by  
ASHRAE 90.1 - IP , including maximum Damper Leakage for:  
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a.  Climate Zones 1,2,6,7,8 the maximum damper leakage at  1.0 inch w.g.  
for motorized dampers is  4 cfm per square foot  of damper area and 
non-motorized dampers are not allowed.  

b.  All other Climate Zones the maximum damper leakage at  1.0 inch w.g.  is  
10 cfm per square foot  and for non-motorized dampers is  20 cfm per 
square foot  of damper area.

Dampers smaller than  24 inches  in either direction may have leakage of  40 
cfm per square foot .

2.9.5   Air Deflectors (Volume Extractors) and Branch Connections

Provide air deflectors (volume extractors) at all duct mounted supply 
outlets, at takeoff or extension collars to supply outlets, at duct branch 
takeoff connections, and at 90 degree elbows, as well as at locations as 
indicated on the drawings or otherwise specified.  Conical branch 
connections or 45 degree entry connections are allowed in lieu of 
deflectors for branch connections.  Furnish all air deflectors (volume 
extractors), except those installed in 90 degree elbows, with an approved 
means of adjustment.  Provide easily accessible means for adjustment 
inside the duct or from an adjustment with sturdy lock on the face of the 
duct.  When installed on ducts to be thermally insulated, provide external 
adjustments with stand-off mounting brackets, integral with the adjustment 
device, to provide clearance between the duct surface and the adjustment 
device not less than the thickness of the thermal insulation.  Provide 
factory-fabricated air deflectors consisting of curved turning vanes or 
louver blades designed to provide uniform air distribution and change of 
direction with minimum turbulence or pressure loss.  Provide factory or 
field assembled air deflectors (volume extractors).  Make adjustment from 
the face of the diffuser or by position adjustment and lock external to 
the duct.  Provide stand-off brackets on insulated ducts as described 
herein.  Provide fixed air deflectors (volume extractors), also called 
turning vanes, in 90 degree elbows.

2.9.6   Sound Attenuation Equipment

2.9.6.1   System with total pressure of  4 Inch Water Gauge  and Lower

Use sound attenuators only where indicated.  Provide factory fabricated 
sound attenuators that are constructed of galvanized steel sheets.  
Provide attenuator with outer casing that is not less than  22 gauge .  
Provide fibrous glass acoustical fill.  Provide net sound reduction 
indicated.  Obtain values on a test unit not less than  24 by 24 inches  
outside dimensions made by a certified nationally recognized independent 
acoustical laboratory.  Provide air flow capacity as indicated or 
required.  Provide pressure drop through the attenuator that does not 
exceed the value indicated, or that is not in excess of 15 percent of the 
total external static pressure of the air handling system, whichever is 
less.  Acoustically test attenuators with metal duct inlet and outlet 
sections while under the rated air flow conditions.  Include with the 
noise reduction data the effects of flanking paths and vibration 
transmission.  Construct sound attenuators to be airtight when operating 
at the internal static pressure indicated or specified for the duct 
system, but in no case less than  2 inch water gauge .

2.9.7   Diffusers, Registers, and Grilles

Provide factory-fabricated units of steel that distribute the specified 
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quantity of air evenly over space intended without causing noticeable 
drafts, air movement faster than  50 fpm  in occupied zone, or dead spots 
anywhere in the conditioned area.  Provide outlets for diffusion, spread, 
throw, and noise level as required for specified performance.  Certify 
performance according to ASHRAE 70.  Provide sound rated and certified 
inlets and outlets according to ASHRAE 70.  Provide sound power level as 
indicated.  Provide diffusers and registers with volume damper with 
accessible operator, unless otherwise indicated; or if standard with the 
manufacturer, an automatically controlled device is acceptable.  Provide 
opposed blade type volume dampers for all diffusers and registers, except 
linear slot diffusers.  Provide linear slot diffusers with round or 
elliptical balancing dampers.  Where the inlet and outlet openings are 
located less than  7 feet  above the floor, protect them by a grille or 
screen according to NFPA 90A.

2.9.7.1   Diffusers

Provide diffuser types indicated.  Furnish ceiling mounted units with 
anti-smudge devices, unless the diffuser unit minimizes ceiling smudging 
through design features.  Provide diffusers with air deflectors of the 
type indicated.  Provide air handling troffers or combination light and 
ceiling diffusers conforming to the requirements of 
UL Electrical Constructn  for the interchangeable use as cooled or heated 
air supply diffusers or return air units.  Install ceiling mounted units 
with rims tight against ceiling.  Provide sponge rubber gaskets between 
ceiling and surface mounted diffusers for air leakage control.  Provide 
suitable trim for flush mounted diffusers.  For connecting the duct to 
diffuser, provide duct collar that is airtight and does not interfere with 
volume controller.  Provide return or exhaust units that are similar to 
supply diffusers.

2.9.7.2   Registers and Grilles

Provide units that are four-way directional-control type, except provide 
return and exhaust registers that are fixed horizontal or vertical louver 
type similar in appearance to the supply register face.  Furnish registers 
with sponge-rubber gasket between flanges and wall or ceiling.  Install 
wall supply registers at least  6 inches  below the ceiling unless otherwise 
indicated.  Locate return and exhaust registers  6 inches  above the floor 
unless otherwise indicated.  Achieve four-way directional control by a 
grille face which can be rotated in 4 positions or by adjustment of 
horizontal and vertical vanes.  Provide grilles as specified for 
registers, without volume control damper.

2.9.8   Louvers

Provide louvers for installation in exterior walls that are associated 
with the air supply and distribution system  as  indicated in construction 
drawings. .

2.9.9   Air Vents, Penthouses, and Goosenecks

Fabricate air vents, penthouses, and goosenecks from galvanized steel  
sheets with galvanized structural shapes.  Provide sheet metal thickness, 
reinforcement, and fabrication that conform to SMACNA 1966.  Accurately 
fit and secure louver blades to frames.  Fold or bead edges of louver 
blades for rigidity and baffle these edges to exclude driving rain.  
Provide air vents, penthouses, and goosenecks with bird screen.
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2.9.10   Bird Screens and Frames

Provide bird screens that conform to ASTM E2016, No. 2 mesh, aluminum or 
stainless steel.  Provide "medium-light" rated aluminum screens.  Provide 
"light" rated stainless steel screens.  Provide removable type frames 
fabricated from either stainless steel or extruded aluminum.

2.10   AIR SYSTEMS EQUIPMENT

2.10.1   Fans

Test and rate fans according to AMCA 210.  Calculate system effect on air 
moving devices in accordance with AMCA 201 where installed ductwork 
differs from that indicated on drawings.  Install air moving devices to 
minimize fan system effect.  Where system effect is unavoidable, determine 
the most effective way to accommodate the inefficiencies caused by system 
effect on the installed air moving device.  The sound power level of the 
fans must not exceed 85 dBA when tested according to AMCA 300 and rated in 
accordance with AMCA 301.  Provide all fans with an AMCA seal.  Connect 
fans to the motors either directly or indirectly with V-belt drive.    
Provide variable pitch motor sheaves for  15 hp  and below, and fixed pitch 
as defined by AHRI Guideline D  (A fixed-pitch sheave is provided on both 
the fan shaft and the motor shaft. This is a non-adjustable speed 
drive.).  Select variable pitch sheaves to drive the fan at a speed which 
can produce the specified capacity when set at the approximate midpoint of 
the sheave adjustment.  When fixed pitch sheaves are furnished, provide a 
replaceable sheave when needed to achieve system air balance.  Provide 
motors for V-belt drives with adjustable rails or bases.  Provide 
removable metal guards for all exposed V-belt drives, and provide 
speed-test openings at the center of all rotating shafts.  Provide fans 
with personnel screens or guards on both suction and supply ends, except 
that the screens need not be provided, unless otherwise indicated, where 
ducts are connected to the fan.  Provide fan and motor assemblies with 
vibration-isolation supports or mountings as indicated.  Use 
vibration-isolation units that are standard products with published 
loading ratings.  Select each fan to produce the capacity required at the 
fan static pressure indicated.  Provide sound power level as indicated.  
Obtain the sound power level values according to AMCA 300.  Provide 
standard AMCA arrangement, rotation, and discharge as indicated.  Provide 
power ventilators that conform to UL 705  and have a UL label.

2.10.1.1   Inline Ceiling Exhaust Fans

Provide inline, centrifugal type, direct driven suspended cabinet-type 
ceiling exhaust fans.  Provide fans with acoustically insulated housing.  
Provide chatter-proof backdraft damper.  Mount fan motors on vibration 
isolators.  Furnish unit with mounting flange for hanging unit from 
above.  Provide U.L. listed fans.  Provide Energy Star  labeled ceiling 
exhaust fan product.  Provide proof of Energy Star  label for ceiling 
exhaust fan product .

2.10.2   Coils

Provide fin-and-tube type coils constructed of seamless copper tubes and 
aluminum or copper fins mechanically bonded or soldered to the tubes...    
Provide casing and tube support sheets that are not lighter than  16 gauge  
galvanized steel, formed to provide structural strength.  When required, 
provide multiple tube supports to prevent tube sag.  Mount coils for 
counterflow service.  Rate and certify coils to meet the requirements of 

SECTION 23 00 00  Page 16



Hill Air Force Base, UT, Building 591 HILL591

AHRI 410 .

2.10.2.1   Direct-Expansion Coils

Provide suitable direct-expansion coils for the refrigerant involved.  
Provide refrigerant piping that conforms to ASTM B280 and clean, dehydrate 
and seal.  Provide seamless copper tubing suction headers or seamless or 
resistance welded steel tube suction headers with copper connections.  
Provide supply headers that consist of a distributor which distributes the 
refrigerant through seamless copper tubing equally to all circuits in the 
coil.  Provide circuited tubes to ensure minimum pressure drop and maximum 
heat transfer.  Provide circuiting that permits refrigerant flow from 
inlet to suction outlet without causing oil slugging or restricting 
refrigerant flow in coil.  Provide field installed coils which are 
completely dehydrated and sealed at the factory upon completion of 
pressure tests.  Pressure test coils in accordance with UL 1995 .

2.10.3   Air Filters

List air filters according to requirements of UL 900 , except list high 
efficiency particulate air filters of 99.97 percent efficiency by the DOP 
Test method under the Label Service to meet the requirements of UL 586 .

2.10.3.1   Extended Surface Pleated Panel Filters

Provide  2 inch  depth, sectional, disposable type filters of the size 
indicated with a MERV of 8 when tested according to ASHRAE 52.2 .  Provide 
initial resistance at  500 fpm  that does not exceed  0.36 inches water gauge .  
Provide UL Class 2 filters, and nonwoven cotton and synthetic fiber mat 
media.  Attach a wire support grid bonded to the media to a moisture 
resistant fiberboard frame.  Bond all four edges of the filter media to 
the inside of the frame to prevent air bypass and increase rigidity.

2.10.3.2   Replaceable Media Filters

Provide the dry-media type replaceable media filters, of the size required 
to suit the application.  Provide filtering media that is not less than  2 
inches  thick fibrous glass media pad supported by a structural wire grid 
or woven wire mesh.  Enclose pad in a holding frame of not less than  16 
gauge  galvanized steel, equipped with quick-opening mechanism for changing 
filter media.  Base the air flow capacity of the filter on net filter face 
velocity not exceeding  300 fpm , with initial resistance of  0.13 inches 
water gauge .  Provide MERV that is not less than 8 when tested according 
to ASHRAE 52.2 .

2.10.3.3   Holding Frames

Fabricate frames from not lighter than  16 gauge  sheet steel with 
rust-inhibitor coating.  Equip each holding frame with suitable filter 
holding devices.  Provide gasketed holding frame seats.  Make all joints 
airtight.

2.11   AIR HANDLING UNITS

2.11.1   Factory-Fabricated Air Handling Units

Provide single-zone draw-through type or single-zone blow-through type 
units as indicated.  Units must include fans, coils, airtight insulated 
casing, prefilters, secondary filter sections, adjustable V-belt drives, 
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belt guards for externally mounted motors, access sections where 
indicated,  vibration-isolators, and appurtenances required for specified 
operation.  Provide vibration isolators as indicated.  Physical dimensions 
of each air handling unit must be suitable to fit space allotted to the 
unit with the capacity indicated.  Provide air handling unit that is rated 
in accordance with AHRI 430  and AHRI certified for cooling.

2.11.1.1   Casings

Provide the following:

a.  Casing sections  2 inch  double wall type , constructed of a minimum  18 
gauge  galvanized steel, or  18 gauge  corrosion-resisting sheet steel 
conforming to ASTM A167, Type 304. Design and construct casing with an 
integral insulated structural galvanized steel frame such that 
exterior panels are non-load bearing.

b.  Individually removable exterior panels with standard tools.  Removal 
must not affect the structural integrity of the unit.  Furnish casings 
with access sections, according to paragraph AIR HANDLING UNITS, 
inspection doors, and access doors, all capable of opening a minimum 
of 90 degrees, as indicated.

c.  

d.  Factory applied fibrous glass insulation that conforms to ASTM C1071, 
except that the minimum thickness and density requirements do not 
apply, and that meets the requirements of NFPA 90A.  Make air handling 
unit casing insulation uniform over the entire casing.  Foil-faced 
insulation is not an acceptable substitute for use on double-wall 
access doors and inspections doors and casing sections.

e.  Duct liner material, coating, and adhesive that conforms to 
fire-hazard requirements specified in Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.  Protect exposed insulation edges 
and joints where insulation panels are butted with a metal nosing 
strip or coat to meet erosion resistance requirements of ASTM C1071.

f .  A latched and hinged inspection door, in the fan and coil sections.  

2.11.1.2   Heating and Cooling Coils

Provide coils as specified in paragraph AIR SYSTEMS EQUIPMENT.

2.11.1.3   Air Filters

Provide air filters as specified in paragraph AIR SYSTEMS EQUIPMENT for 
types and thickness indicated.

2.11.1.4   Fans

Provide the following:

a.  Fans that are double-inlet, centrifugal type with each fan in a 
separate scroll.  Dynamically balance fans and shafts prior to 
installation into air handling unit, then after it has been installed 
in the air handling unit, statically and dynamically balance the 
entire fan assembly.  Mount fans on steel shafts, accurately ground 
and finished.
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b.  Fan bearings that are sealed against dust and dirt and are precision 
self-aligning ball or roller type, with L50 rated bearing life at not 
less than 200,000 hours as defined by ABMA 9 and ABMA 11.  Provide 
bearings that are permanently lubricated or lubricated type with 
lubrication fittings readily accessible at the drive side of the 
unit.  Support bearings by structural shapes, or die formed sheet 
structural members, or support plates securely attached to the unit 
casing.  Do not fasten bearings directly to the unit sheet metal 
casing.  Furnish fans and scrolls with coating indicated.

c.  Fans that are driven by a unit-mounted, or a floor-mounted motor 
connected to fans by V-belt drive complete with belt guard for 
externally mounted motors.  Furnish belt guards that are the 
three-sided enclosed type with solid or expanded metal face.  Design 
belt drives for not less than a 1.3 service factor based on motor 
nameplate rating.

d.    Where fixed sheaves are required, the use of variable pitch sheaves 
is allowed during air balance, but replace them with an appropriate 
fixed sheave after air balance is completed.  Select variable pitch 
sheaves to drive the fan at a speed that produces the specified 
capacity when set at the approximate midpoint of the sheave 
adjustment.  Furnish motors for V-belt drives with adjustable bases, 
and with totally enclosed enclosures.

2.11.1.5   Access Sections and Filter/Mixing Boxes

Provide access sections where indicated and furnish with access doors as 
shown.  Construct access sections and filter/mixing boxes in a manner 
identical to the remainder of the unit casing and equip with access 
doors.  Design mixing boxes to minimize air stratification and to promote 
thorough mixing of the air streams.

2.12   RADIANT PANELS

2.12.1   Prefabricated Radiant-Heating Electric Panels

2.12.1.1   Description

Sheet metal enclosed panel with heating element suitable for lay-in 
installation flush with T-bar ceiling grid . Comply with UL 2021

2.12.1.2   Panel

Minimum 0.027 inch  thick, galvanized steel sheet back panel riveted to 
minimum 0.040 inch  thick, galvanized steel sheet front panel with fused-on 
crystalline surface.

2.12.1.3   Heating Element

Powdered graphite sandwiched between sheets of electric insulation.

2.12.1.4   Electrical Connections

Nonheating, high-temperature, insulated-copper leads, factory connected to 
heating element.
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2.12.1.5   Exposed-Side Panel Finish

 Baked-enamel finish in color as selected by Architect.

2.12.1.6   Surface-Mounting Trim

Sheet metal with baked-enamel finish in color as selected by C.O.T.R .

2.12.1.7   Wall Thermostat

Bimetal, sensing elements; with contacts suitable for line-voltage 
circuit, and manually operated on-off switch with contactors, relays, and 
control transformers.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing the work.

3.2   INSTALLATION

a.  Install materials and equipment in accordance with the requirements of 
the contract drawings and approved manufacturer's installation 
instructions .  Accomplish installation by workers skilled in this type 
of work.  Perform installation so that there is no degradation of the 
designed fire ratings of walls, partitions, ceilings, and floors.

b.  No installation is permitted to block or otherwise impede access to 
any existing machine or system.  Install all hinged doors to swing 
open a minimum of 120 degrees.  Provide an area in front of all access 
doors that clears a minimum of  3 feet .  In front of all access doors 
to electrical circuits, clear the area the minimum distance to 
energized circuits as specified in OSHA Standards, part 1910.333 
(Electrical-Safety Related work practices)and an additional  3 feet .

c.  Except as otherwise indicated, install emergency switches and alarms 
in conspicuous locations.  Mount all indicators, to include gauges, 
meters, and alarms in order to be easily visible by people in the area.

3.2.1   Condensate Drain Lines

Provide water seals in the condensate drain from all units .  Provide a 
depth of each seal of  2 inches  plus  the number of inches, measured in 
water gauge , of the total static pressure rating of the unit to which the 
drain is connected.  Provide water seals that are constructed of 2 tees 
and an appropriate U-bend with the open end of each tee plugged.  Provide 
pipe cap or plug cleanouts where indicated.  Connect drains indicated to 
connect to the sanitary waste system using an indirect waste fitting.  
Insulate air conditioner drain lines as specified in Section 23 07 00  
THERMAL INSULATION FOR MECHANICAL SYSTEMS.

3.2.2   Equipment and Installation

Provide frames and supports for tanks, compressors, pumps, valves, air 
handling units, fans, coils, dampers, and other similar items requiring 
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supports.  Floor mount or ceiling hang air handling units as indicated.  
Anchor and fasten as detailed.  Set floor-mounted equipment on not less 
than  6 inch  concrete pads or curbs doweled in place unless otherwise 
indicated.  Make concrete foundations heavy enough to minimize the 
intensity of the vibrations transmitted to the piping, duct work and the 
surrounding structure, as recommended in writing by the equipment 
manufacturer.  In lieu of a concrete pad foundation, build a concrete 
pedestal block with isolators placed between the pedestal block and the 
floor.  Make the concrete foundation or concrete pedestal block a mass not 
less than three times the weight of the components to be supported.  
Provide the lines connected to the pump mounted on pedestal blocks with 
flexible connectors.  Submit foundation drawings as specified in paragraph 
DETAIL DRAWINGS.  Provide concrete for foundations as specified in Section 
03 30 00  CAST-IN-PLACE CONCRETE.

3.2.3   Access Panels

Install access panels for concealed valves, vents, controls, dampers, and 
items requiring inspection or maintenance of sufficient size, and locate 
them so that the concealed items are easily serviced and maintained or 
completely removed and replaced.  Provide access panels as specified in 
Section 05 50 13  MISCELLANEOUS METAL FABRICATIONS.

3.2.4   Flexible Duct

Install pre-insulated flexible duct in accordance with the latest printed 
instructions of the manufacturer to ensure a vapor tight joint.  Provide 
hangers, when required to suspend the duct, of the type recommended by the 
duct manufacturer and set at the intervals recommended.

3.2.5   Metal Ductwork

Install according to SMACNA 1966 unless otherwise indicated.  Install duct 
supports for sheet metal ductwork according to SMACNA 1966, unless 
otherwise specified.  Do not use friction beam clamps indicated in 
SMACNA 1966.  Anchor risers on high velocity ducts in the center of the 
vertical run to allow ends of riser to move due to thermal expansion.  
Erect supports on the risers that allow free vertical movement of the 
duct.  Attach supports only to structural framing members and concrete 
slabs.  Do not anchor supports to metal decking unless a means is provided 
and approved for preventing the anchor from puncturing the metal decking.  
Where supports are required between structural framing members, provide 
suitable intermediate metal framing.  Where C-clamps are used, provide 
retainer clips.

3.2.6   Dust Control

To prevent the accumulation of dust, debris and foreign material during 
construction, perform temporary dust control protection.  Protect the 
distribution system (supply and return) with temporary seal-offs at all 
inlets and outlets at the end of each day's work.  Keep temporary 
protection in place until system is ready for startup.

3.2.7   Insulation

Provide thickness and application of insulation materials for ductwork, 
piping, and equipment according to Section 23 07 00  THERMAL INSULATION FOR 
MECHANICAL SYSTEMS.  Externally insulate outdoor air intake ducts and 
plenums .
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3.2.8   Duct Test Holes

Provide holes with closures or threaded holes with plugs in ducts and 
plenums as indicated or where necessary for the use of pitot tube in 
balancing the air system.  Plug insulated duct at the duct surface, 
patched over with insulation and then marked to indicate location of test 
hole if needed for future use.

3.2.9   Power Transmission Components Adjustment

Test V-belts and sheaves for proper alignment and tension prior to 
operation and after 72 hours of operation at final speed.  Uniformly load 
belts on drive side to prevent bouncing.  Make alignment of direct driven 
couplings to within 50 percent of manufacturer's maximum allowable range 
of misalignment.

3.3   EQUIPMENT PADS

Provide equipment pads to the dimensions shown or, if not shown, to 
conform to the shape of each piece of equipment served with a minimum  
3-inch  margin around the equipment and supports.  Allow equipment bases 
and foundations, when constructed of concrete or grout, to cure a minimum 
of 28 calendar days before being loaded.

3.4   CUTTING AND PATCHING

Install work in such a manner and at such time that a minimum of cutting 
and patching of the building structure is required.  Make holes in exposed 
locations, in or through existing floors, by drilling and smooth by 
sanding.  Use of a jackhammer is permitted only where specifically 
approved.  Make holes through masonry walls to accommodate sleeves with an 
iron pipe masonry core saw.

3.5   CLEANING

Thoroughly clean surfaces of piping and equipment that have become covered 
with dirt, plaster, or other material during handling and construction 
before such surfaces are prepared for final finish painting or are 
enclosed within the building structure.  Before final acceptance, clean 
mechanical equipment, including piping, ducting, and fixtures, and free 
from dirt, grease, and finger marks.  When the work area is in an occupied 
space such as office, laboratory or warehouse  protect all furniture and 
equipment from dirt and debris.  Incorporate housekeeping for field 
construction work which leaves all furniture and equipment in the affected 
area free of construction generated dust and debris; and, all floor 
surfaces vacuum-swept clean.

3.6   PENETRATIONS

Provide sleeves and prepared openings for duct mains, branches, and other 
penetrating items, and install during the construction of the surface to 
be penetrated.  Cut sleeves flush with each surface.  Place sleeves for 
round duct  15 inches  and smaller.  Build framed, prepared openings for 
round duct larger than  15 inches  and square, rectangular or oval ducts.  
Sleeves and framed openings are also required where grilles, registers, 
and diffusers are installed at the openings.  Provide  one inch  clearance 
between penetrating and penetrated surfaces except at grilles, registers, 
and diffusers.  Pack spaces between sleeve or opening and duct or duct 
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insulation with mineral fiber conforming with ASTM C553, Type 1, Class B-2.

3.6.1   Sleeves

Fabricate sleeves, except as otherwise specified or indicated, from  20 
gauge  thick mill galvanized sheet metal.  Where sleeves are installed in 
bearing walls or partitions, provide black steel pipe conforming with 
ASTM A53/A53M, Schedule 20.

3.6.2   Framed Prepared Openings

Fabricate framed prepared openings from  20 gauge  galvanized steel, unless 
otherwise indicated.

3.6.3   Insulation

Provide duct insulation in accordance with Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS continuous through sleeves and prepared 
openings except firewall penetrations.  Terminate duct insulation at fire 
dampers and flexible connections.  For duct handling air at or below  60 
degrees F , provide insulation continuous over the damper collar and 
retaining angle of fire dampers, which are exposed to unconditioned air.

3.6.4   Closure Collars

Provide closure collars of a minimum  4 inches  wide, unless otherwise 
indicated, for exposed ducts and items on each side of penetrated surface, 
except where equipment is installed.  Install collar tight against the 
surface and fit snugly around the duct or insulation.  Grind sharp edges 
smooth to prevent damage to penetrating surface.  Fabricate collars for 
round ducts  15 inches  in diameter or less from  20 gauge  galvanized steel.  
Fabricate collars for square and rectangular ducts, or round ducts with 
minimum dimension over  15 inches  from  18 gauge  galvanized steel.  
Fabricate collars for square and rectangular ducts with a maximum side of  
15 inches  or less from  20 gauge  galvanized steel.  Install collars with 
fasteners a maximum of  6 inches  on center.  Attach to collars a minimum of 
4 fasteners where the opening is  12 inches  in diameter or less, and a 
minimum of 8 fasteners where the opening is  20 inches  in diameter or less.

3.6.5   Firestopping

Where ducts pass through fire-rated walls, fire partitions, and fire rated 
chase walls, seal the penetration with fire stopping materials as 
specified in Section 07 84 00  FIRESTOPPING.

3.7   FIELD PAINTING OF MECHANICAL EQUIPMENT

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except clean to bare 
metal on metal surfaces subject to temperatures in excess of  120 degrees F .  
Where more than one coat of paint is specified, apply the second coat 
after the preceding coat is thoroughly dry.  Lightly sand damaged painting 
and retouch before applying the succeeding coat.  Provide aluminum or 
light gray finish coat.
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3.7.1   Temperatures less than  120 degrees F

Immediately after cleaning, apply one coat of pretreatment primer applied 
to a minimum dry film thickness of  0.3 mil , one coat of primer applied to 
a minimum dry film thickness of  one mil ; and two coats of enamel applied 
to a minimum dry film thickness of  one mil  per coat to metal surfaces 
subject to temperatures less than  120 degrees F .

3.7.2   Temperatures between  120 and 400 degrees F

Apply two coats of  400 degrees F  heat-resisting enamel applied to a total 
minimum thickness of  two mils  to metal surfaces subject to temperatures 
between  120 and 400 degrees F .

3.7.3   Finish Painting

The requirements for finish painting of items only primed at the factory, 
and surfaces not specifically noted otherwise, are specified in Section 
09 90 00  PAINTS AND COATINGS.

3.7.4   Color Coding Scheme for Locating Hidden Utility Components

Use scheme in buildings having suspended grid ceilings.  Provide color 
coding scheme that identifies points of access for maintenance and 
operation of components and equipment that are not visible from the 
finished space and are accessible from the ceiling grid, consisting of a 
color code board and colored metal disks.  Make each colored metal disk 
approximately  3/8 inch  diameter and secure to removable ceiling panels 
with fasteners.  Insert each fastener into the ceiling panel so as to be 
concealed from view.  Provide fasteners that are manually removable 
without the use of tools and that do not separate from the ceiling panels 
when the panels are dropped from ceiling height.  Make installation of 
colored metal disks follow completion of the finished surface on which the 
disks are to be fastened.  Provide color code board that is approximately  
3 foot  wide,  30 inches  high, and  1/2 inches  thick.  Make the board of 
wood fiberboard and frame under glass or  1/16 inch  transparent plastic 
cover.  Make the color code symbols approximately  3/4 inch  in diameter and 
the related lettering in  1/2 inch  high capital letters.  Mount the color 
code board where indicated . 

3.8   IDENTIFICATION SYSTEMS

Provide identification tags made of brass, engraved laminated plastic, or 
engraved anodized aluminum, indicating service and item number on all 
valves and dampers.  Provide tags that are  1-3/8 inch  minimum diameter 
with stamped or engraved markings.  Make indentations black for reading 
clarity.  Attach tags to valves with No. 12 AWG  0.0808-inch  diameter 
corrosion-resistant steel wire, copper wire, chrome-plated beaded chain or 
plastic straps designed for that purpose.

3.9   DAMPER ACCEPTANCE TEST

Submit the proposed schedule, at least 2 weeks prior to the start of 
test.  Operate all fire dampers and smoke dampers under normal operating 
conditions, prior to the occupancy of a building to determine that they 
function properly.  Test each fire damper equipped with fusible link by 
having the fusible link cut in place.  Test dynamic fire dampers with the 
air handling and distribution system running.  Reset all fire dampers with 
the fusible links replaced after acceptance testing.  To ensure optimum 
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operation and performance, install the damper so it is square and free 
from racking.

3.10   TESTING, ADJUSTING, AND BALANCING

The requirements for testing, adjusting, and balancing are specified in 
Section 23 05 93  TESTING, ADJUSTING AND BALANCING FOR HVAC.  Begin 
testing, adjusting, and balancing only when the air supply and 
distribution, including controls, has been completed, with the exception 
of performance tests.

3.11   PERFORMANCE TESTS

After testing, adjusting, and balancing is complete as specified, test 
each system as a whole to see that all items perform as integral parts of 
the system and temperatures and conditions are evenly controlled 
throughout the building.  Record the testing during the applicable 
season.  Make corrections and adjustments as necessary to produce the 
conditions indicated or specified.  Conduct capacity tests and general 
operating tests by an experienced engineer.  Provide tests that cover a 
period of not less than 1 day for each system and demonstrate that the 
entire system is functioning according to the specifications.  Make 
coincidental chart recordings at points indicated on the drawings for the 
duration of the time period and record the temperature at space 
thermostats or space sensors, the humidity at space humidistats or space 
sensors and the ambient temperature and humidity in a shaded and weather 
protected area.

Submit test reports for the  performance tests in booklet form, upon 
completion of testing.  Document phases of tests performed including 
initial test summary, repairs/adjustments made, and final test results in 
the reports.

3.12   CLEANING AND ADJUSTING

  Inside of air handling units  thoroughly clean ducts, plenums, and casing 
of debris and blow free of small particles of rubbish and dust and then 
vacuum clean before installing outlet faces.  Wipe equipment clean, with 
no traces of oil, dust, dirt, or paint spots.  Provide temporary filters 
prior to startup of all fans that are operated during construction, and 
provide new filters after all construction dirt has been removed from the 
building, and the ducts, plenums, casings, and other items specified have 
been vacuum cleaned.  Perform and document that proper " Indoor Air Quality 
During Construction " procedures have been followed; provide documentation 
showing that after construction ends, and prior to occupancy, new filters 
were provided and installed.  Maintain system in this clean condition 
until final acceptance.  Properly lubricate bearings with oil or grease as 
recommended by the manufacturer.  Tighten belts to proper tension.  Adjust 
control valves and other miscellaneous equipment requiring adjustment to 
setting indicated or directed.  Adjust fans to the speed indicated by the 
manufacturer to meet specified conditions.  Maintain all equipment 
installed under the contract until close out documentation is received, 
the project is completed and the building has been documented as 
beneficially occupied.
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3.13   RADIANT PANELS

3.13.1   Installation

Install radiant panels level and plumb, maintaining sufficient clearance 
for normal services and maintenance.

3.13.2   Soldering

When soldering copper fittings at the panel, a heat pad will be used to 
protect the panel finish.

3.13.3   Connections

Install piping adjacent to radiant panels to allow for service and 
maintenance.

3.14   OPERATION AND MAINTENANCE

3.14.1   Operation and Maintenance Manuals

Submit six manuals at least 2 weeks prior to field training.  Submit data 
complying with the requirements specified in Section 01 78 23  OPERATION 
AND MAINTENANCE DATA.  Submit Data Package 3 for the items/units listed 
under SD-10 Operation and Maintenance Data

3.14.2   Operation And Maintenance Training

Conduct a training course for the members of the operating staff as 
designated by the Contracting Officer.   Make the training period consist 
of a total of 4 hours of normal working time and start it after all work 
specified herein is functionally completed and the Performance Tests have 
been approved.  Conduct field instruction that covers all of the items 
contained in the Operation and Maintenance Manuals as well as 
demonstrations of routine maintenance operations.  Submit the proposed 
On-site Training schedule concurrently with the Operation and Maintenance 
Manuals and at least 14 days prior to conducting the training course.

         -- End of Section --
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SECTION 23 03 00.00 20

BASIC MECHANICAL MATERIALS AND METHODS
08/10

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B117 (2016) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2017; Errata 1-2 2017; INT 1 2017) 
National Electrical Safety Code

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2016; SUPP 20162018) Motors and Generators

NEMA MG 10 (2017) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 
National Electrical Code

1.2   RELATED REQUIREMENTS

This section applies to all sections of Divisions: 21, FIRE SUPPRESSION; 
22, PLUMBING; and 23, HEATING, VENTILATING, AND AIR CONDITIONING of this 
project specification, unless specified otherwise in the individual 
section.

1.3   QUALITY ASSURANCE

1.3.1   Material and Equipment Qualifications

Provide materials and equipment that are standard products of 
manufacturers regularly engaged in the manufacture of such products, which 
are of a similar material, design and workmanship.  Standard products must 
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have been in satisfactory commercial or industrial use for 2 years prior 
to bid opening.  The 2-year use must include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
must have been for sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2 year period.

1.3.2   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or 
laboratory tests, can be shown.

1.3.3   Service Support

The equipment items must be supported by service organizations.  Submit a 
certified list of qualified permanent service organizations for support of 
the equipment which includes their addresses and qualifications.  These 
service organizations must be reasonably convenient to the equipment 
installation and able to render satisfactory service to the equipment on a 
regular and emergency basis during the warranty period of the contract.

1.3.4   Manufacturer's Nameplate

For each item of equipment, provide a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.3.5   Modification of References

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "must" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction", or words of 
similar meaning, to mean the Contracting Officer.

1.3.5.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions must be considered mandatory, the word 
"should" is interpreted as "must."  Reference to the "code official" must 
be interpreted to mean the "Contracting Officer."  For Navy owned 
property, references to the "owner" must be interpreted to mean the 
"Contracting Officer."  For leased facilities, references to the "owner" 
must be interpreted to mean the "lessor."  References to the "permit 
holder" must be interpreted to mean the "Contractor."

1.3.5.2   Administrative Interpretations

For ICC Codes referenced in the contract documents, the provisions of 
Chapter 1, "Administrator," do not apply.  These administrative 
requirements are covered by the applicable Federal Acquisition Regulations 
(FAR) included in this contract and by the authority granted to the 
Officer in Charge of Construction to administer the construction of this 
project.  References in the ICC Codes to sections of Chapter 1, must be 
applied appropriately by the Contracting Officer as authorized by his 
administrative cognizance and the FAR.
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1.4   DELIVERY, STORAGE, AND HANDLING

Handle, store, and protect equipment and materials to prevent damage 
before and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.5   ELECTRICAL REQUIREMENTS

Furnish motors, controllers, disconnects and contactors with their 
respective pieces of equipment.  Motors, controllers, disconnects and 
contactors must conform to and have electrical connections provided.  
Furnish internal wiring for components of packaged equipment as an 
integral part of the equipment. Extended voltage range motors will not be 
permitted.  Controllers and contactors shall have a maximum of 120 volt 
control circuits, and must have auxiliary contacts for use with the 
controls furnished.  When motors and equipment furnished are larger than 
sizes indicated, the cost of additional electrical service and related 
work must be included under the section that specified that motor or 
equipment.  Power wiring and conduit for field installed equipment must be 
provided under and conform to the requirements of Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.

1.6   ELECTRICAL INSTALLATION REQUIREMENTS

Electrical installations must conform to IEEE C2 , NFPA 70 , and 
requirements specified herein.

1.6.1   New Work

Provide electrical components of mechanical equipment, such ascontrol or 
push-button stations, float or pressure switches, solenoid valves, 
integral disconnects, and other devices functioning to control mechanical 
equipment, as well as control wiring and conduit for circuits rated 100 
volts or less, to conform with the requirements of the section covering 
the mechanical equipment.  Extended voltage range motors are not to be 
permitted.  The interconnecting power wiring and conduit, control wiring 
rated 120 volts (nominal) and conduit,  and the electrical power circuits 
must be provided under Division 26, except internal wiring for components 
of package equipment must be provided as an integral part of the 
equipment.  When motors and equipment furnished are larger than sizes 
indicated, provide any required changes to the electrical service as may 
be necessary and related work as a part of the work for the section 
specifying that motor or equipment.

1.6.2   Modifications to Existing Systems

Where existing mechanical systems and motor-operated equipment require 
modifications, provide electrical components under Division 26.

1.6.3   High Efficiency Motors

1.6.3.1   High Efficiency Single-Phase Motors

Unless otherwise specified, single-phase fractional-horsepower 
alternating-current motors must be high efficiency types corresponding to 
the applications listed in NEMA MG 11.
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1.6.3.2   High Efficiency Polyphase Motors

Unless otherwise specified, polyphase motors must be selected based on 
high efficiency characteristics relative to the applications as listed in 
NEMA MG 10.  Additionally, polyphase squirrel-cage medium induction motors 
with continuous ratings must meet or exceed energy efficient ratings in 
accordance with Table 12-6C of NEMA MG 1.

1.6.4   Three-Phase Motor Protection

Provide controllers for motors rated one  1 horsepower  and larger with 
electronic phase-voltage monitors designed to protect motors from 
phase-loss, undervoltage, and overvoltage.  Provide protection for motors 
from immediate restart by a time adjustable restart relay.

1.7   INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent 
instructors to give full instruction to the designated Government 
personnel in the adjustment, operation, and maintenance, including 
pertinent safety requirements, of the specified equipment or system.  
Instructors must be thoroughly familiar with all parts of the installation 
and must be trained in operating theory as well as practical operation and 
maintenance work.

Instruction must be given during the first regular work week after the 
equipment or system has been accepted and turned over to the Government 
for regular operation.  The number of man-days (8 hours per day) of 
instruction furnished must be as specified in the individual section.  
When more than 4 man-days of instruction are specified, use approximately 
half of the time for classroom instruction.  Use other time for 
instruction with the equipment or system.

When significant changes or modifications in the equipment or system are 
made under the terms of the contract, provide additional instruction to 
acquaint the operating personnel with the changes or modifications.

1.8   ACCESSIBILITY

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Install concealed valves, 
expansion joints, controls, dampers, and equipment requiring access, in 
locations freely accessible through access doors.

PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

3.1   PAINTING OF NEW EQUIPMENT

New equipment painting must be factory applied or shop applied, and must 
be as specified herein, and provided under each individual section.

3.1.1   Factory Painting Systems

Manufacturer's standard factory painting systems may be provided subject 
to certification that the factory painting system applied will withstand 

SECTION 23 03 00.00 20  Page 4



Hill Air Force Base, UT, Building 591 HILL591

125 hours in a salt-spray fog test, except that equipment located outdoors 
must withstand 500 hours in a salt-spray fog test.  Salt-spray fog test 
must be in accordance with ASTM B117, and for that test the acceptance 
criteria must be as follows:  immediately after completion of the test, 
the paint must show no signs of blistering, wrinkling, or cracking, and no 
loss of adhesion; and the specimen must show no signs of rust creepage 
beyond  0.125 inch  on either side of the scratch mark.

The film thickness of the factory painting system applied on the equipment 
must not be less than the film thickness used on the test specimen.  If 
manufacturer's standard factory painting system is being proposed for use 
on surfaces subject to temperatures above  120 degrees F , the factory 
painting system must be designed for the temperature service.

3.1.2   Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of  120 degrees F  must be cleaned to bare 
metal.

Where more than one coat of paint is specified, apply the second coat 
after the preceding coat is thoroughly dry.  Lightly sand damaged painting 
and retouch before applying the succeeding coat. Color of finish coat must 
be aluminum or light gray.

a.  Temperatures Less Than  120 Degrees F : Immediately after cleaning, the 
metal surfaces subject to temperatures less than  120 degrees F  must 
receive one coat of pretreatment primer applied to a minimum dry film 
thickness of  0.3 mil , one coat of primer applied to a minimum dry film 
thickness of  1 mil ; and two coats of enamel applied to a minimum dry 
film thickness of  1 mil  per coat.

b.  Temperatures Between  120 and 400 Degrees F :  Metal surfaces subject to 
temperatures between  120 and 400 degrees F  must receive two coats of  
400 degrees F  heat-resisting enamel applied to a total minimum 
thickness of  2 mils .

c.  Temperatures Greater Than  400 Degrees F : Metal surfaces subject to 
temperatures greater than  400 degrees F  must receive two coats of  600 
degrees F  heat-resisting paint applied to a total minimum dry film 
thickness of  2 mils .

        -- End of Section --
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SECTION 23 05 48.00 40

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT
08/15

PART 1   GENERAL

Section 23 00 00  AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST 
SYSTEMS applies to work specified in this section to the extent applicable.

Section 23 05 15  COMMON PIPING FOR HVAC applies to work specified in this 
section to the extent applicable.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ACOUSTICAL SOCIETY OF AMERICA (ASA)

ASA S2.71 (1983; R 2006) Guide to the Evaluation of 
Human Exposure to Vibration in Buildings

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB PROCEDURAL STANDARDS (2015) Procedural Standards for TAB 
(Testing, Adjusting and Balancing) 
Environmental Systems

1.2   ADMINISTRATIVE REQUIREMENTS

Within ten  working days of Contract Award, submit equipment and 
performance data  for vibration isolator systems including equipment base 
design; inertia-block mass relative to support equipment weight; spring 
loads and free, operating, and solid heights of spring; spring diameters; 
nonmetallic isolator loading and deflection; disturbing frequency; natural 
frequency of mounts; deflection of working member; and anticipated amount 
of physical movement at the reference points.

Ensure the data includes information on the following:

a.  Mountings

b.  Bases

c.  Isolators

d.  Floor-Mounted Piping

e.  Vertical Piping

Five  working days prior to commencement of installation, submit 
installation drawings  for vibration isolator systems including equipment 
and performance requirements.

Indicate within outline drawings  for vibration isolator systems, overall 
physical features, dimensions, ratings, service requirements, and weights 
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of equipment.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Installation Drawings ; G

Outline Drawings ; G

SD-03 Product Data

Equipment and Performance Data ; G

Isolators ; G

SD-06 Test Reports

Type of Isolator ; G

Type of Base ; G

Allowable Deflection ; G

Measured Deflection ; G

1.4   QUALITY CONTROL

Ensure all vibration-control apparatus is the product of a single 
manufacturing source, where possible.  Human exposure levels should be 
considered using ASA S2.71  and NEBB PROCEDURAL STANDARDS.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Scheduled isolation mounting is in  inches  and is a minimum static 
deflection.

Spans referred to in paragraph EQUIPMENT, means longest bay dimension.

Determine exact mounting sizes and number of isolators by the isolator 
manufacturer based on equipment that will be installed.  Check equipment 
revolutions per minute (rpm) and spring deflections to verify that 
resonance cannot occur.

2.1.1   Design Requirements

Design for vibration isolation using NEBB PROCEDURAL STANDARDS as 
applicable to the following sections.
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2.1.1.1   Mountings

Provide the following mountings:

Type A:  Composite pad, with  0.25-inch  thick elastomer top and bottom 
layers, molded to contain a pattern with nonslip characteristics in 
all horizontal directions.  Elastomer loading is not to exceed  40 
pounds per square inch (psi) .  Ensure minimum overall thickness is  1 
inch .  Maximum deflections up to  0.25-inch  are allowed.

Type B:  Double rubber-in-shear with molded-in steel reinforcement in 
top and bottom.  Maximum deflections up to  0.50-inch  are allowed.

Type C:  Free-standing laterally stable open-spring type for 
deflections over  0.50-inch , with built-in bearing and leveling 
provisions,  0.25-inch  thick Type A base elastomer pads, and 
accessories.  Ensure outside diameter of each spring is equal to or 
greater than 0.9 times the operating height of the spring under rated 
load.

Type D:  Partially housed type, containing one or more vertically 
restrained springs with at least  0.50-inch  clearance maintained around 
springs, with adjustable limit stops,  0.25-inch  thick Type A base 
elastomer pads, and accessories.

Type E:  Pendulum-suspension configuration with free-standing stable 
spring with resilient horizontal and vertical restraints to allow 
maximum movements of  0.25-inch  in each direction,  0.25-inch  thick Type 
A base elastomer pads.

Type F:  Combination spring and rubber-in-shear steel framed for 
hanger-rod mounting, with minimum total static deflection of  1-inch .

Type G:  Air spring with body constructed of reinforced elastomer 
specifically suitable for application environment.  Select air spring 
to provide a natural frequency equal to  5-inches  of deflection of 
conventional specified steel springs.  Provide facilities for 
dead-level adjustment and height-control of supported equipment.

2.2   EQUIPMENT

Vibration isolation design per NEBB PROCEDURAL STANDARDS.

2.2.1   Air-Cooled Condensing Unit Locations

TYPE
EQUIPMENT

20-FOOT ROOF-SPAN
PROVISIONS*

30-FOOT ROOF-SPAN
PROVISIONS*

40-FOOT ROOF-SPAN
PROVISIONS*

Through 5 hp over 900 
rpm

B-U-0.5 D-U-1.0 D-U-1.75

Over 5 hp to 500 rpm B-U-0.5 D-U-1.75 D-U-2.5

500 rpm and over B-U-0.5 D-U-1.0 D-U-1.75
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TYPE
EQUIPMENT

20-FOOT ROOF-SPAN
PROVISIONS*

30-FOOT ROOF-SPAN
PROVISIONS*

40-FOOT ROOF-SPAN
PROVISIONS*

*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.2   Low-Pressure Suspended Air-Handling Unit (AHU) Locations

Vibration-isolation provisions apply to ceiling-suspended Air Moving and 
Conditioning Association Class A packaged central-station units.

TYPE
EQUIPMENT

20-FOOT ROOF-SPAN
PROVISIONS*

30-FOOT
ROOF-SPAN

PROVISIONS*

40-FOOT
ROOF-SPAN

PROVISIONS*

Through 5 hp F-U-1.0 F-U-1.0 F-U-1.0

7-1/2 hp and over 250 
to 500 rpm

F-U-1.75 F-U-1.75 F-U-1.75

500 rpm and over F-U-1.0 F-U-1.25 F-U-1.55

*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.3   Low-Pressure AHU Locations

Vibration-isolation provisions apply to floor-mounted Air Moving and 
Conditioning Association Class A packaged central-station units.

TYPE
EQUIPMENT

BASEMENT
BELOW-GRADE
PROVISIONS*

ON/ABOVE
GRADE

20-FOOT
FLOOR-SPAN

PROVISIONS*

ON/ABOVE
GRADE

30-FOOT
FLOOR-SPAN

PROVISIONS*

ON/ABOVE
GRADE

40-FOOT
FLOOR-SPAN

PROVISIONS*

Through 5 hp B-U-0.35 C-U-1.0 C-U-1.0 C-U-1.0

7-1/2 hp and over 
250 to 500 rpm

B-U-0.35 C-U-1.75 C-U-1.75 C-U-1.75

500 rpm B-U-0.35 C-U-1.0 C-U-1.5

*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.4   Pipe And Duct Vibration Isolation

Type G:  Provide isolators with in-series contained steel springs and 
preformed fibrous-glass or chloroprene-elastomer elements for 
connecting to building-structure attachments.  Load devices by 
supported system during operating conditions to produce a minimum 
spring and elastomer static deflection of  1-inch and 3/8-inch , 
respectively.

Type H:  Provide isolators  with contained chloroprene-elastomer 
elements for connecting to building-structure attachments.  Load 
devices by supported system during operating conditions to produce a 
minimum elastomer static deflection of  3/8-inch .
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Type J:  Provide isolators with elastomers mounted on floor-supported 
columns or directly on the floor.  Load devices by supported system 
during operating conditions to produce a minimum elastomer static 
deflection of  3/8-inch .

2.2.4.1   Floor-Mounted Piping

Type K:  Provide isolators with springs mounted on floor-supported 
columns or directly on the floor.  Load devices by supported system 
during operating conditions to produce a minimum spring static 
deflection of  1-inch .

2.2.4.2   Vertical Piping

Type L:  Provide isolators which are pipe base-support devices with 
one or more contained steel springs.  Load devices by supported system 
during operating conditions to produce a minimum static deflection of  
1-inch .  Equip devices with precompression and vertical-limit 
features, as well as a minimum  1/4-inch  thick elastomer sound pad and 
isolation washers, for mounting to floor.

Type M:  Provide isolators which are elastomer mounted baseplate and 
riser pipe-guide devices, with contained double acting  elastomer 
elements which under rated load have a minimum static deflection of  
3/8-inch .  Size isolator to accommodate thermal insulation within the 
stationary guide ring.

2.3   MATERIALS

Ensure rubber is natural rubber and elastomer is chloroprene.  Shore A 
durometer measurement of both materials and range between 40 and 60.

Inorganic materials such as precompressed, high-density, fibrous glass 
encased in a resilient moisture-impervious membrane may be used in lieu of 
specified natural rubber and elastomers.  Where this substitution is made, 
ensure specified deflections are modified by the manufacturing source to 
accommodate physical characteristics of inorganic materials and to provide 
equal or better vibration isolation.

Ensure weather-exposed metal vibration-isolator parts are corrosion 
protected.  Chloroprene coat springs.

2.4   TESTS, INSPECTIONS, AND VERIFICATIONS

Submit test reports for testing vibration isolation for each type of 
isolator  and each type of base .  Meet referenced standards contained 
within this section.  Include in test reports allowable deflection  and 
measured deflection  also meeting referenced standards within this section.

PART 3   EXECUTION

3.1   INSTALLATION

Install equipment in accordance with manufacturer's recommendations.

Ensure vibration-isolation installation and deflection testing after 
equipment start-up is directed by a competent representative of the 
manufacturer.
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3.2   FIELD QUALITY CONTROL

3.2.1   Tests and Reports

Ensure vibration-isolation devices are deflection tested.  Submit test 
reports substantiating that all equipment has been isolated as specified 
and that minimum specified deflections have been met.  Make all 
measurements in the presence of the Contracting Officer.

        -- End of Section --
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SECTION 23 05 93

TESTING, ADJUSTING, AND BALANCING FOR HVAC
11/15

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASSOCIATED AIR BALANCE COUNCIL (AABC)

AABC MN-1 (2002; 6th ed) National Standards for 
Total System Balance

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB MASV (2006) Procedural Standards for 
Measurements and Assessment of Sound and 
Vibration

NEBB PROCEDURAL STANDARDS (2015) Procedural Standards for TAB 
(Testing, Adjusting and Balancing) 
Environmental Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1780 (2002) HVAC Systems - Testing, Adjusting 
and Balancing, 3rd Edition

SMACNA 1858 (2004) HVAC Sound And Vibration Manual - 
First Edition

SMACNA 1972 CD (2012) HVAC Air Duct Leakage Test Manual - 
2nd Edition

1.2   DEFINITIONS

a.  AABC:  Associated Air Balance Council

b.  COTR:  Contracting Officer's Technical Representative

c.  DALT:  Duct air leakage test

d.  DALT'd:  Duct air leakage tested

e.  HVAC:  Heating, ventilating, and air conditioning; or heating, 
ventilating, and cooling

f.  NEBB:  National Environmental Balancing Bureau

g.  Out-of-tolerance data:  Pertains only to field acceptance testing of 
Final DALT or TAB report.  When applied to DALT work, this phase means 
  When applied to TAB work this phase means "a measurement taken 
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during TAB field acceptance testing which does not fall within the 
range of plus 5 to minus 5 percent of the original measurement 
reported on the TAB Report for a specific parameter."

h.  Season of maximum heating load:  The time of year when the outdoor 
temperature at the project site remains within  plus or minus 30 
degrees Fahrenheit  of the project site's winter outdoor design 
temperature, throughout the period of TAB data recording.

i.  Season of maximum cooling load:  The time of year when the outdoor 
temperature at the project site remains within  plus or minus 5 degrees 
Fahrenheit  of the project site's summer outdoor design temperature, 
throughout the period of TAB data recording.

j.  Season 1, Season 2:  Depending upon when the project HVAC is completed 
and ready for TAB, Season 1 is defined, thereby defining Season 2.  
Season 1 could be the season of maximum heating load, or the season of 
maximum cooling load.

k.  Sound measurements terminology:  Defined in AABC MN-1, NEBB MASV, or 
SMACNA 1858 (TABB).

l.  TAB:  Testing, adjusting, and balancing (of HVAC systems)

m.  TAB'd:  HVAC Testing/Adjusting/Balancing procedures performed

n.  TAB Agency:  TAB Firm
r.  TABB:  Testing Adjusting and Balancing Bureau

1.2.1   Similar Terms

In some instances, terminology differs between the Contract and the TAB 
Standard primarily because the intent of this Section is to use the 
industry standards specified, along with additional requirements listed 
herein to produce optimal results.

The following table of similar terms is provided for clarification only.  
Contract requirements take precedent over the corresponding AABC, NEBB, or 
TABB requirements where differences exist.

SIMILAR TERMS

Contract Term AABC Term NEBB Term TABB Term

TAB Standard National Standards 
for Testing and 
Balancing Heating, 
Ventilating, and Air 
Conditioning Systems

Procedural Standards 
for Testing, 
Adjusting and 
Balancing of 
Environmental Systems

International 
Standards for 
Environmental 
Systems Balance

TAB Specialist TAB Engineer TAB Supervisor TAB Supervisor
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SIMILAR TERMS

Contract Term AABC Term NEBB Term TABB Term

Systems Readiness 
Check

Construction Phase 
Inspection

Field Readiness 
Check & Preliminary 
Field Procedures

Field Readiness 
Check & Prelim. 
Field Procedures

1.3   WORK DESCRIPTION 

The work includes testing, adjusting, and balancing (TAB) of new and 
existing heating, ventilating, and cooling (HVAC) air distribution systems 
including equipment and performance data , ducts, and piping which are 
located within, on, under, between, and adjacent to buildings.

Perform TAB in accordance with the requirements of the TAB procedural 
standard recommended by the TAB trade association that approved the TAB 
Firm's qualifications.  Comply with requirements of AABC MN-1, 
NEBB PROCEDURAL STANDARDS, or SMACNA 1780 (TABB) as supplemented and 
modified by this specification section.  All recommendations and suggested 
practices contained in the TAB procedural standards are considered 
mandatory.

Conduct DALT and TAB of the indicated existing systems and equipment and 
submit the specified DALT and TAB reports for approval.  Conduct DALT 
testing in compliance with the requirements specified in SMACNA 1972 CD, 
except as supplemented and modified by this section.  Conduct DALT and TAB 
work in accordance with the requirements of this section.

1.3.1   Air Distribution Systems

Test, adjust, and balance systems (TAB) in compliance with this section.  
Obtain Contracting Officer's written approval before applying insulation 
to exterior of air distribution systems as specified under Section 23 07 00
 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

1.3.2   Water Distribution Systems

TAB systems in compliance with this section.  Obtain Contracting Officer's 
written approval before applying insulation to water distribution systems 
as specified under Section 23 07 00  THERMAL INSULATION FOR MECHANICAL 
SYSTEMS.  At Contractor's option and with Contracting Officer's written 
approval, the piping systems may be insulated before systems are TAB'd.

Terminate piping insulation immediately adjacent to each flow control 
valve, automatic control valve, or device.  Seal the ends of pipe 
insulation and the space between ends of pipe insulation and piping, with 
waterproof vapor barrier coating.

After completion of work under this section, insulate the flow control 
valves and devices as specified under Section 23 07 00  THERMAL INSULATION 
FOR MECHANICAL SYSTEMS.

1.3.3   TAB SCHEMATIC DRAWINGS

Show the following information on TAB Schematic Drawings:
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1.  A unique number or mark for each piece of equipment or terminal.

2.  Air quantities at air terminals.

3.  Air quantities and temperatures in air handling unit schedules.

4.  Water quantities and temperatures in thermal energy transfer equipment 
schedules.

5.  Water quantities and heads in pump schedules.

6.  Water flow measurement fittings and balancing fittings.

7.  Ductwork Construction and Leakage Testing Table that defines the DALT 
test requirements, including each applicable HVAC duct system ID or 
mark, duct pressure class, duct seal class, and duct leakage test 
pressure.  This table is included in the file for Graphics for Unified 
Facilities Guide Specifications:
http://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/forms-graphics-tables

Submit three copies of the TAB Schematic Drawings and Report Forms  to the 
Contracting Officer, no later than 21 days prior to the start of TAB field 
measurements.

1.3.4   Related Requirements

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Records of Existing Conditions ; G

SD-02 Shop Drawings

TAB Schematic Drawings and Report Forms ; G

SD-03 Product Data

Equipment and Performance Data ; G

TAB Related HVAC Submittals ; G

  A list of the TAB Related HVAC Submittals, no later than 7 days 
after the approval of the TAB team engineer .

SD-06 Test Reports

Completed Pre-Final DALT Report ; G
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Certified Final DALT Report ; G

SD-07 Certificates

Independent TAB Agency and Personnel Qualifications ; G

DALT and TAB Submittal and Work Schedule ; G

TAB Pre-Field Engineering Report ; G

1.5   QUALITY ASSURANCE

1.5.1   Independent TAB Agency and Personnel Qualifications

To secure approval for the proposed agency, submit information certifying 
that the TAB agency is a first tier subcontractor who is not affiliated 
with any other company participating in work on this contract, including 
design, furnishing equipment, or construction.  Further, submit the 
following, for the agency, to Contracting Officer for approval: 

a.  Independent AABC or NEBB or TABB TAB agency:

    TAB agency:  AABC registration number and expiration date of 
current certification; or NEBB certification number and expiration 
date of current certification; or TABB certification number and 
expiration date of current certification.

    TAB team supervisor:  Name and copy of AABC or NEBB or TABB TAB 
supervisor certificate and expiration date of current 
certification.

    TAB team field leader:  Name and documented evidence that the team 
field leader has satisfactorily performed full-time supervision of 
TAB work in the field for not less than 3 years immediately 
preceding this contract's bid opening date.

    TAB team field technicians:  Names and documented evidence that 
each field technician has satisfactorily assisted a TAB team field 
leader in performance of TAB work in the field for not less than 
one year immediately preceding this contract's bid opening date.

    Current certificates:  Registrations and certifications are 
current, and valid for the duration of this contract.  Renew 
Certifications which expire prior to completion of the TAB work, 
in a timely manner so that there is no lapse in registration or 
certification.  TAB agency or TAB team personnel without a current 
registration or current certification are not to perform TAB work 
on this contract.

b.  TAB Team Members:  TAB team approved to accomplish work on this 
contract are full-time employees of the TAB agency.  No other 
personnel is allowed to do TAB work on this contract.

c.  Replacement of TAB team members:  Replacement of members may occur if 
each new member complies with the applicable personnel qualifications 
and each is approved by the Contracting Officer.
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PART 2   PRODUCTS

Not Used

PART 3   EXECUTION

3.1   WORK DESCRIPTIONS OF PARTICIPANTS

Comply with requirements of this section.

3.2   PRE-DALT/TAB MEETING

Meet with the Contracting Officer's technical representative (COTR) to 
develop a mutual understanding relative to the details of the DALT work 
and TAB work requirements.  Ensure that the TAB supervisor is present at 
this meeting.  Requirements to be discussed include required submittals, 
work schedule, and field quality control.

3.3   TAB PROCEDURES

3.3.1   TAB Field Work

Test, adjust, and balance the HVAC systems  until measured flow rates (air 
and water flow) are within plus or minus 5 percent of the design flow 
rates as specified or indicated on the contract documents.

That is, comply with the the requirements of AABC MN-1  or SMACNA 1780 
(TABB) and SMACNA 1858 (TABB),except as supplemented and modified by this 
section.

Provide instruments and consumables required to accomplish the TAB work.  
Calibrate and maintain instruments in accordance with manufacturer's 
written procedures.

Test, adjust, and balance the HVAC systems  until measured flow rates (air 
and water flow) are within plus or minus 5 percent of the design flow 
rates as specified or indicated on the contract documents. Conduct TAB 
work, including measurement accuracy, and sound measurement work in 
conformance with the AABC MN-1 and AABC MN-4, or NEBB TABES and NEBB MASV, 
or SMACNA 1780 (used by TABB) and  SMACNA 1858 sound measurement 
procedures, except as supplemented and modified by this section.

3.3.2   Preliminary Procedures

Use the approved pre-field engineering report as instructions and 
procedures for accomplishing TAB field work.  TAB engineer is to locate, 
in the field, test ports required for testing.  It is the responsibility 
of the sheet metal contractor to provide and install test ports as 
required by the TAB engineer.

3.3.3   TAB Air Distribution Systems

3.3.3.1   Rooftop Air Conditioning

Rooftop air conditioning systems including fans, coils, ducts, plenums, 
and air distribution devices for supply air, return air, and outside air.

For refrigeration compressors/condensers/condensing units/evaporators, 
report data as required by NEBB, AABC, and TABB standard procedures, 
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including refrigeration operational data.

3.3.3.2   Heating and Ventilating Units

Heating and ventilating unit systems including fans, coils, ducts, 
plenums, roof vents, registers, diffusers, grilles, and louvers for supply 
air, return air, outside air, and mixed air.

3.3.3.3   Fan Coils

Fan coil unit systems including fans, coils, ducts, plenums, and air 
distribution devices for supply air, return air, and outside air.

3.3.3.4   Exhaust Fans

Exhaust fan systems including fans, ducts, plenums, grilles, and hoods for 
exhaust air.

3.3.4   Deficiencies

Strive to meet the intent of this section to maximize the performance of 
the equipment as designed and installed.  However, if deficiencies in 
equipment design or installation prevent TAB work from being accomplished 
within the range of design values specified in the paragraph WORKMANSHIP, 
provide written notice as soon as possible to the Contractor and the 
Contracting Officer describing the deficiency and recommended correction.

Responsibility for correction of installation deficiencies is the 
Contractor's.  If a deficiency is in equipment design, call the TAB team 
supervisor for technical assistance.  Responsibility for reporting design 
deficiencies to Contractor is the TAB team supervisor's.

3.3.5   TAB Reports

3.3.6   Quality Assurance - COTR TAB Field Acceptance Testing

3.3.6.1   TAB Field Acceptance Testing

During the field acceptance testing, verify, in the presence of the COTR, 
random selections of data (air quantities, air motion, ) recorded in the 
TAB Report.   Points and areas for field acceptance testing are to be 
selected by the COTR.  Measurement and test procedures are the same as 
approved for TAB work for the TAB Report.

Field acceptance testing includes verification of TAB Report data recorded 
for the following equipment groups:

    Group 1:  All  air handling units (rooftop and central stations).

    Group 2:  not applicable.

    Group 3:  25 percent of the supply diffusers, registers, grilles 
associated with constant volume air handling units.

    Group 4:  25 percent of the return grilles, return registers, exhaust 
grilles and exhaust registers.
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Further, if any data on the TAB Report for Groups 2 through 5 is found not 
to fall within the range of plus 5 to minus 5 percent of the TAB Report 
data, additional group data verification is required in the presence of 
the COTR.  Verify TAB Report data for one additional piece of equipment in 
that group.  Continue this additional group data verification until 
out-of-tolerance data ceases to be found.

3.3.6.2   Additional COTR TAB Field Acceptance Testing

If any of the acceptance testing measurements for a given equipment group 
is found not to fall within the range of plus 5 to minus 5 percent of the 
TAB Report data, terminate data verification for all affected data for 
that group.  The affected data for the given group will be disapproved.  
Make the necessary corrections and prepare a revised TAB Report.  
Reschedule acceptance testing of the revised report data with the COTR.

3.3.6.3   Prerequisite for Approval

Compliance with the field acceptance testing requirements of this section 
is a prerequisite for the final Contracting Officer approval of the TAB 
Report submitted.

3.4   MARKING OF SETTINGS

Upon the final TAB work approval, permanently mark the settings of HVAC 
adjustment devices including valves, gauges, splitters, and dampers so 
that adjustment can be restored if disturbed at any time.  Provide 
permanent markings clearly indicating the settings on the adjustment 
devices which result in the data reported on the submitted TAB report.

3.5   MARKING OF TEST PORTS

The TAB team is to permanently and legibly mark and identify the location 
points of the duct test ports.  If the ducts have exterior insulation, 
make these markings on the exterior side of the duct insulation.  Show the 
location of test ports on the as-built mechanical drawings with dimensions 
given where the test port is covered by exterior insulation.

        -- End of Section --
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SECTION 23 07 00

THERMAL INSULATION FOR MECHANICAL SYSTEMS
02/13

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.  At the discretion of the Government, the 
manufacturer of any material supplied will be required to furnish test 
reports pertaining to any of the tests necessary to assure compliance with 
the standard or standards referenced in this specification.

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 90.1 - SI (2013) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

ASHRAE 90.2 (2018) Energy-Efficient Design of Low-Rise 
Residential Buildings

ASTM INTERNATIONAL (ASTM)

ASTM A167 (2011) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A240/A240M (2018) Standard Specification for Chromium 
and Chromium-Nickel Stainless Steel Plate, 
Sheet, and Strip for Pressure Vessels and 
for General Applications

ASTM A580/A580M (2018) Standard Specification for 
Stainless Steel Wire

ASTM B209 (2014) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM C195 (2007; R 2013) Standard Specification for 
Mineral Fiber Thermal Insulating Cement

ASTM C450 (2008) Standard Practice for Fabrication 
of Thermal Insulating Fitting Covers for 
NPS Piping, and Vessel Lagging

ASTM C534/C534M (2016) Standard Specification for 
Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular 
Form

ASTM C547 (2017) Standard Specification for Mineral 
Fiber Pipe Insulation
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ASTM C552 (2017; E 2018) Standard Specification for 
Cellular Glass Thermal Insulation

ASTM C591 (20172019) Standard Specification for 
Unfaced Preformed Rigid Cellular 
Polyisocyanurate Thermal Insulation

ASTM C647 (2008; R 2013) Properties and Tests of 
Mastics and Coating Finishes for Thermal 
Insulation

ASTM C795 (2008; R 2018) Standard Specification for 
Thermal Insulation for Use in Contact with 
Austenitic Stainless Steel

ASTM C916 (2014) Standard Specification for 
Adhesives for Duct Thermal Insulation

ASTM C920 (2018) Standard Specification for 
Elastomeric Joint Sealants

ASTM C921 (2010) Standard Practice for Determining 
the Properties of Jacketing Materials for 
Thermal Insulation

ASTM C1126 (2018) Standard Specification for Faced or 
Unfaced Rigid Cellular Phenolic Thermal 
Insulation

ASTM C1136 (2017a) Standard Specification for 
Flexible, Low Permeance Vapor Retarders 
for Thermal Insulation

ASTM C1710 (2011) Standard Guide for Installation of 
Flexible Closed Cell Preformed Insulation 
in Tube and Sheet Form

ASTM D882 (2012) Tensile Properties of Thin Plastic 
Sheeting

ASTM D2863 (2017a) Standard Test Method for Measuring 
the Minimum Oxygen Concentration to 
Support Candle-Like Combustion of Plastics 
(Oxygen Index)

ASTM D5590 (2000; R 2010; E 2012) Standard Test 
Method for Determining the Resistance of 
Paint Films and Related Coatings to Fungal 
Defacement by Accelerated Four-Week Agar 
Plate Assay

ASTM E84 (2018a) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM E96/E96M (2016) Standard Test Methods for Water 
Vapor Transmission of Materials
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ASTM E2231 (2018) Standard Practice for Specimen 
Preparation and Mounting of Pipe and Duct 
Insulation Materials to Assess Surface 
Burning Characteristics

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

GREEN SEAL (GS)

GS-36 (2013) Adhesives for Commercial Use

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO 2758 (2014) Paper - Determination of Bursting 
Strength

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MIDWEST INSULATION CONTRACTORS ASSOCIATION (MICA)

MICA Insulation Stds (8th Ed) National Commercial & Industrial 
Insulation Standards

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2018) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NFPA 90B (2018) Standard for the Installation of 
Warm Air Heating and Air Conditioning 
Systems

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-A-3316 (1987; Rev C; Am 2 1990) Adhesives, 
Fire-Resistant, Thermal Insulation
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MIL-A-24179 (1969; Rev A; Am 2 1980; Notice 1 1987) 
Adhesive, Flexible Unicellular-Plastic 
Thermal Insulation

MIL-PRF-19565 (1988; Rev C) Coating Compounds, Thermal 
Insulation, Fire- and Water-Resistant, 
Vapor-Barrier

UNDERWRITERS LABORATORIES (UL)

UL 94 (2013; Reprint Sep 2017) UL Standard for 
Safety Tests for Flammability of Plastic 
Materials for Parts in Devices and 
Appliances

UL 723 (2018) UL Standard for Safety Test for 
Surface Burning Characteristics of 
Building Materials

UL 2818 (2013) GREENGUARD Certification Program 
For Chemical Emissions For Building 
Materials, Finishes And Furnishings

1.2   SYSTEM DESCRIPTION

1.2.1   General

Provide field-applied insulation and accessories on mechanical systems as 
specified herein; factory-applied insulation is specified under the 
piping, duct or equipment to be insulated.  Insulation of heat 
distribution systems and chilled water systems outside of buildings shall 
be as specified in Section 33 61 13  PRE-ENGINEERED UNDERGROUND HEAT 
DISTRIBUTION SYSTEM, Section 33 63 13.19  CONCRETE TRENCH HYDRONIC AND 
STEAM ENERGY DISTRIBUTION, Section 33 60 02  ABOVEGROUND HEAT DISTRIBUTION 
SYSTEM, and Section 33 61 13.13  PREFABRICATED UNDERGROUND HYDRONIC ENERGY 
DISTRIBUTION.  Field applied insulation materials required for use on 
Government-furnished items as listed in the SPECIAL CONTRACT REQUIREMENTS 
shall be furnished and installed by the Contractor.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

Submit the three SD types, SD-02 Shop Drawings, SD-03 Product Data, and 
SD-08 Manufacturer's Instructions at the same time for each system.

SD-02 Shop Drawings

MICA Plates ; G

Pipe Insulation Systems  and Associated Accessories

Duct Insulation Systems  and Associated Accessories
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Equipment Insulation Systems  and Associated Accessories

Recycled content for insulation materials ; S

SD-03 Product Data

Pipe Insulation Systems ; G

Duct Insulation Systems ; G

Equipment Insulation Systems ; G

SD-04 Samples

Thermal Insulation ; G

Display Samples ; G

SD-07 Certificates

Indoor air quality for adhesives ; S

SD-08 Manufacturer's Instructions

Pipe Insulation Systems ; G

Duct Insulation Systems ; G

Equipment Insulation Systems ; G

1.4   CERTIFICATIONS

1.4.1   Adhesives and Sealants

Provide products certified to meet indoor air quality requirements by 
UL 2818  (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or 
provide certification or validation by other third-party programs that 
products meet the requirements of this Section. Provide current product 
certification documentation from certification body. When product does not 
have certification, provide validation that product meets the indoor air 
quality product requirements cited herein.

1.5   QUALITY ASSURANCE

1.5.1   Installer Qualification

Qualified installers shall have successfully completed three or more 
similar type jobs within the last 5 years.

1.6   DELIVERY, STORAGE, AND HANDLING

Materials shall be delivered in the manufacturer's unopened containers.  
Materials delivered and placed in storage shall be provided with 
protection from weather, humidity, dirt, dust and other contaminants.  The 
Contracting Officer may reject insulation material and supplies that 
become dirty, dusty, wet, or contaminated by some other means.  Packages 
or standard containers of insulation, jacket material, cements, adhesives, 
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and coatings delivered for use, and samples required for approval shall 
have manufacturer's stamp or label attached giving the name of the 
manufacturer and brand, and a description of the material, date codes, and 
approximate shelf life (if applicable).  Insulation packages and 
containers shall be asbestos free.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide materials which are the standard products of manufacturers 
regularly engaged in the manufacture of such products and that essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.  Submit a complete list of materials, including 
manufacturer's descriptive technical literature, performance data, catalog 
cuts, and installation instructions.  The product number, k-value, 
thickness and furnished accessories including adhesives, sealants and 
jackets for each mechanical system requiring insulation shall be 
included.  The product data must be copyrighted, have an identifying or 
publication number, and shall have been published prior to the issuance 
date of this solicitation.  Materials furnished under this section shall 
be submitted together in a booklet.

2.1.1   Insulation System

Provide insulation systems in accordance with the approved MICA National 
Insulation Standards plates as supplemented by this specification.  
Provide field-applied insulation for heating, ventilating, and cooling 
(HVAC) air distribution systems and piping systems that are located 
within, on, under, and adjacent to buildings; and for plumbing systems.  
Provide CFC and HCFC free insulation.

2.1.2   Surface Burning Characteristics

Unless otherwise specified, insulation must have a maximum flame spread
index of 25 and a maximum smoke developed index of 50 when tested in
accordance with ASTM E84.  Flame spread, and smoke developed indexes,
shall be determined by ASTM E84 or UL 723 .  Test insulation in
the same density and installed thickness as the material to be used in the
actual construction.  Prepare and mount test specimens according to 
ASTM E2231.

2.2   MATERIALS

Provide insulation that meets or exceed the requirements of ASHRAE 90.2 .  
Insulation exterior shall be cleanable, grease resistant, non-flaking and 
non-peeling.  Materials shall be compatible and shall not contribute to 
corrosion, soften, or otherwise attack surfaces to which applied in either 
wet or dry state.  Materials to be used on stainless steel surfaces shall 
meet ASTM C795 requirements.  Calcium silicate shall not be used on 
chilled or cold water systems.  Materials shall be asbestos free.  Provide 
product recognized under UL 94  (if containing plastic) and listed in 
FM APP GUIDE.

2.2.1   Adhesives

Provide non-aerosol adhesive products used on the interior of the building 
(defined as inside of the weatherproofing system) that meet either 
emissions requirements of CDPH SECTION 01350  (limit requirements for 
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either office or classroom spaces regardless of space type) or VOC content 
requirements of SCAQMD Rule 1168  (HVAC duct sealants must meet limit 
requirements of "Other" category within SCAQMD Rule 1168  sealants table).  
Provide aerosol adhesives used on the interior of the building that meet 
either emissions requirements of CDPH SECTION 01350  (use the office or 
classroom requirements, regardless of space type) or VOC content 
requirements of GS-36.  Provide certification or validation of indoor air 
quality for adhesives .

2.2.1.1   Acoustical Lining Insulation Adhesive

Adhesive shall be a nonflammable, fire-resistant adhesive conforming to 
ASTM C916, Type I.

2.2.1.2   Mineral Fiber Insulation Cement

Cement shall be in accordance with ASTM C195.

2.2.1.3   Lagging Adhesive

Lagging is the material used for thermal insulation , especially around a 
cylindrical object.  This may include the insulation as well as the 
cloth/material covering the insulation.  To resist mold/mildew, lagging 
adhesive shall meet ASTM D5590 with 0 growth rating.  Lagging adhesives 
shall be nonflammable and fire-resistant and shall have a maximum flame 
spread index of 25 and a maximum smoke developed index of 50 when tested 
in accordance with ASTM E84.  Adhesive shall be MIL-A-3316 , Class 1, 
pigmented white and be suitable for bonding fibrous glass cloth to faced 
and unfaced fibrous glass insulation board; for bonding cotton brattice 
cloth to faced and unfaced fibrous glass insulation board; for sealing 
edges of and bonding glass tape to joints of fibrous glass board; for 
bonding lagging cloth to thermal insulation; or Class 2 for attaching 
fibrous glass insulation to metal surfaces.  Lagging adhesives shall be 
applied in strict accordance with the manufacturer's recommendations for 
pipe and duct insulation.

2.2.1.4   Contact Adhesive

Adhesives may be any of, but not limited to, the neoprene based, rubber 
based, or elastomeric type that have a maximum flame spread index of 25 
and a maximum smoke developed index of 50 when tested in accordance with 
ASTM E84.  The adhesive shall not adversely affect, initially or in 
service, the insulation to which it is applied, nor shall it cause any 
corrosive effect on metal to which it is applied.  Any solvent dispersing 
medium or volatile component of the adhesive shall have no objectionable 
odor and shall not contain any benzene or carbon tetrachloride.  The dried 
adhesive shall not emit nauseous, irritating, or toxic volatile matters or 
aerosols when the adhesive is heated to any temperature up to  212 degrees F .  
The dried adhesive shall be nonflammable and fire resistant.  Flexible 
Elastomeric Adhesive:  Comply with MIL-A-24179 , Type II, Class I.  Provide 
product listed in FM APP GUIDE.

2.2.2   Caulking

ASTM C920, Type S, Grade NS, Class 25, Use A.

2.2.3   Corner Angles

Nominal  0.016 inch  aluminum  1 by 1 inch  with factory applied kraft 
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backing.  Aluminum shall be  ASTM B209, Alloy 3003, 3105, or 5005.

2.2.4   Fittings

Fabricated Fittings are the prefabricated fittings for flexible 
elastomeric pipe insulation systems in accordance with ASTM C1710.  
Together with the flexible elastomeric tubes, they provide complete system 
integrity for retarding heat gain and controlling condensation drip from 
chilled-water and refrigeration systems. Flexible elastomeric, fabricated 
fittings provide thermal protection (0.25 k) and condensation resistance 
(0.05 Water Vapor Transmission factor).  For satisfactory performance, 
properly installed protective vapor retarder/barriers and vapor stops 
shall be used on high relative humidity and below ambient temperature 
applications to reduce movement of moisture through or around the 
insulation to the colder interior surface.

2.2.5   Finishing Cement

ASTM C450: Mineral fiber hydraulic-setting thermal insulating and 
finishing cement.  All cements that may come in contact with Austenitic 
stainless steel must comply with ASTM C795.

2.2.6   Fibrous Glass Cloth and Glass Tape

Fibrous glass cloth, with 20X20 maximum mesh size, and glass tape shall 
have maximum flame spread index of 25 and a maximum smoke developed index 
of 50 when tested in accordance with ASTM E84.  Tape shall be  4 inch  wide 
rolls.  Class 3 tape shall be  4.5 ounces/square yard .  Elastomeric Foam 
Tape: Black vapor-retarder foam tape with acrylic adhesive containing an 
anti-microbial additive.

2.2.7   Staples

Outward clinching type ASTM A167, Type 304 or 316 stainless steel.

2.2.8   Jackets

2.2.8.1   Aluminum Jackets

Aluminum jackets shall be corrugated, embossed or smooth sheet,  0.016 inch
 nominal thickness;  ASTM B209, Temper H14, Temper H16, Alloy 3003, 5005, 
or 3105.  Corrugated aluminum jacket shall not be used outdoors.  Aluminum 
jacket securing bands shall be Type 304 stainless steel,  0.015 inch  
thick,  1/2 inch  wide for pipe under  12 inch  diameter and  3/4 inch  wide 
for pipe over  12 inch  and larger diameter .  Aluminum jacket 
circumferential seam bands shall be  2 by 0.016 inch  aluminum matching 
jacket material.  Bands for insulation below ground shall be  3/4 by 0.020 
inch  thick stainless steel, or fiberglass reinforced tape.  The jacket 
may, at the option of the Contractor, be provided with a factory 
fabricated Pittsburgh or "Z" type longitudinal joint.  When the "Z" joint 
is used, the bands at the circumferential joints shall be designed by the 
manufacturer to seal the joints and hold the jacket in place.

2.2.8.2   Polyvinyl Chloride (PVC) Jackets

Polyvinyl chloride (PVC) jacket and fitting covers shall have high impact 
strength, ultraviolet (UV) resistant rating or treatment and moderate 
chemical resistance with minimum thickness  0.030 inch .
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2.2.8.3   Vapor Barrier/Weatherproofing Jacket

Vapor barrier/weatherproofing jacket shall be laminated self-adhesive, 
greater than 3 plies standard grade, silver, white, black and embossed or 
greater than 8 ply (minimum  2.9 mils  adhesive); with 0.0000 permeability 
when tested in accordance with ASTM E96/E96M, using the water transmission 
rate test method; heavy duty, white or natural; and UV resistant.  
Flexible Elastomeric exterior foam with factory applied, UV Jacket made 
with a cold weather acrylic adhesive.  Construction of laminate designed 
to provide UV resistance, high puncture, tear resistance and excellent 
Water Vapor Transmission (WVT) rate.

2.2.8.4   Vapor Barrier/Vapor Retarder

Apply the following criteria to determine which system is required.

a.  On ducts, piping and equipment operating below 50 degrees F  or located 
outside shall be equipped with a vapor barrier.

b.  Ducts, pipes and equipment that are located inside and that always 
operate above 70 degrees F  shall be installed with a vapor retarder 
where required as stated in paragraph VAPOR RETARDER REQUIRED.

2.2.9   Vapor Retarder Required

ASTM C921, Type I, minimum puncture resistance 50 Beach units on all 
surfaces except concealed ductwork,  where a minimum puncture resistance of 
25 Beach units is acceptable.  Minimum tensile strength,  35 pounds/inch  
width.  ASTM C921, Type II, minimum puncture resistance 25 Beach units, 
tensile strength minimum  20 pounds/inch  width.  Jackets used on insulation 
exposed in finished areas shall have white finish suitable for painting 
without sizing.  Based on the application, insulation materials that 
require manufacturer or fabricator applied pipe insulation jackets are 
cellular glass, when all joints are sealed with a vapor barrier mastic, 
and mineral fiber.    All non-metallic jackets shall have a maximum flame 
spread index of 25 and a maximum smoke developed index of 50 when tested 
in accordance with ASTM E84.  Flexible elastomerics require (in addition 
to vapor barrier skin) vapor retarder jacketing for high relative humidity 
and below ambient temperature applications.

2.2.9.1   White Vapor Retarder All Service Jacket (ASJ)

ASJ is for use on hot/cold pipes, ducts, or equipment indoors or outdoors 
if covered by a suitable protective jacket.  The product shall meet all 
physical property and performance requirements of ASTM C1136, Type I, 
except the burst strength shall be a minimum of  85 psi .  ASTM D2863 
Limited Oxygen Index (LOI) shall be a minimum of 31.

In addition, neither the outer exposed surface nor the inner-most surface 
contacting the insulation shall be paper or other moisture-sensitive 
material.  The outer exposed surface shall be white and have an emittance 
of not less than 0.80.  The outer exposed surface shall be paintable.

2.2.9.2   Vapor Retarder/Vapor Barrier Mastic Coatings

2.2.9.2.1   Vapor Barrier

The vapor barrier shall be self adhesive (minimum  2 mils  adhesive,  3 mils  
embossed) greater than 3 plies standard grade, silver, white, black and 
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embossed white jacket for use on hot/cold pipes.  Permeability shall be 
less than 0.02 when tested in accordance with ASTM E96/E96M.  Products 
shall meet UL 723  or ASTM E84 flame and smoke requirements and shall be UV 
resistant.

2.2.9.2.2   Vapor Retarder

The vapor retarder coating shall be fire and water resistant and 
appropriately selected for either outdoor or indoor service.  Color shall 
be white.  The water vapor permeance of the compound shall be 0.013 perms 
or less at  43 mils  dry film thickness as determined according to procedure 
B of ASTM E96/E96M utilizing apparatus described in ASTM E96/E96M.  The 
coating shall be nonflammable, fire resistant type.  To resist 
mold/mildew, coating shall meet ASTM D5590 with 0 growth rating.  Coating 
shall meet MIL-PRF-19565  Type II (if selected for indoor service) and be 
Qualified Products Database listed.  All other application and service 
properties shall be in accordance with ASTM C647.

2.2.9.3   Laminated Film Vapor Retarder

ASTM C1136, Type I, maximum moisture vapor transmission 0.02 perms, 
minimum puncture resistance 50 Beach units on all surfaces except 
concealed ductwork; where Type II, maximum moisture vapor transmission 
0.02 perms, a minimum puncture resistance of 25 Beach units is 
acceptable.  Vapor retarder shall have a maximum flame spread index of 25 
and a maximum smoke developed index of 50 when tested in accordance with 
ASTM E84.  Flexible Elastomeric exterior foam with factory applied UV 
Jacket.  Construction of laminate designed to provide UV resistance, high 
puncture, tear resistance and an excellent WVT rate.

2.2.9.4   Polyvinylidene Chloride (PVDC) Film Vapor Retarder

The PVDC film vapor retarder shall have a maximum moisture vapor 
transmission of 0.02 perms, minimum puncture resistance of 150 Beach 
units, a minimum tensile strength in any direction of  30 lb/inch  when 
tested in accordance with ASTM D882, and a maximum flame spread index of 
25 and a maximum smoke developed index of 50 when tested in accordance 
with ASTM E84.

2.2.9.5   Polyvinylidene Chloride Vapor Retarder Adhesive Tape

Requirements must meet the same as specified for Laminated Film Vapor 
Retarder above.

2.2.9.6   Vapor Barrier/Weather Barrier

The vapor barrier shall be greater than 3 ply self adhesive laminate 
-white vapor barrier jacket- superior performance (less than 0.0000 
permeability when tested in accordance with ASTM E96/E96M).  Vapor barrier 
shall meet UL 723  or ASTM E84 25 flame and 50 smoke requirements; and UV 
resistant.  Minimum burst strength  185 psi  in accordance with ISO 2758 .  
Tensile strength  68 lb/inch  width (PSTC-1000).  Tape shall be as specified 
for laminated film vapor barrier above.

2.2.10   Vapor Retarder Not Required

ASTM C921, Type II, Class D, minimum puncture resistance 50 Beach units on 
all surfaces except ductwork, where Type IV, maximum moisture vapor 
transmission 0.10, a minimum puncture resistance of 25 Beach units is 
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acceptable.  Jacket shall have a maximum flame spread index of 25 and a 
maximum smoke developed index of 50 when tested in accordance with ASTM E84.

2.2.11   Wire

Soft annealed ASTM A580/A580M  Type 302, 304 or 316 stainless steel, 16 or 
18 gauge.

2.2.12   Insulation Bands

Insulation bands shall be  1/2 inch  wide; 26 gauge stainless steel .

2.2.13   Sealants

Sealants shall be chosen from the butyl polymer type, the 
styrene-butadiene rubber type, or the butyl type of sealants.  Sealants 
shall have a maximum permeance of 0.02 perms based on Procedure B for 
ASTM E96/E96M, and a maximum flame spread index of 25 and a maximum smoke 
developed index of 50 when tested in accordance with ASTM E84.

2.3   PIPE INSULATION SYSTEMS

Conform insulation materials to Table 1 and minimum insulation thickness 
as listed in Table 2 and meet or exceed the requirements of 
ASHRAE 90.1 - SI . Limit pipe insulation materials to those listed herein 
and meeting the following requirements:

2.3.1   Recycled Materials

Provide insulation materials containing the following minimum percentage 
of recycled material content by weight:

Rock Wool: 75 percent slag of weight
Fiberglass:  20 percent glass cullet
Rigid Foam:  9 percent recovered material
Phenolic Rigid Foam:  9 percent recovered material

Provide data identifying percentage of recycled content for insulation 
materials .

2.3.2   Aboveground Cold Pipeline (  -30 to 60 deg. F )

Insulation for outdoor, indoor, exposed or concealed applications, shall 
be as follows:

2.3.2.1   Cellular Glass

ASTM C552, Type II, and Type III.  Supply the insulation from the 
fabricator with (paragraph WHITE VAPOR RETARDER ALL SERVICE JACKET (ASJ)) 
ASJ vapor retarder and installed with all longitudinal overlaps sealed and 
all circumferential joints ASJ taped or supply the insulation unfaced from 
the fabricator and install with all longitudinal and circumferential 
joints sealed with vapor barrier mastic.

2.3.2.2   Flexible Elastomeric Cellular Insulation

Closed-cell, foam- or expanded-rubber materials containing anti-microbial 
additive, complying with ASTM C534/C534M, Grade 1, Type I or II.  Type I, 
Grade 1 for tubular materials.  Type II, Grade 1, for sheet materials.  
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Type I and II shall have vapor retarder/vapor barrier skin on one or both 
sides of the insulation, and require an additional exterior vapor retarder 
covering for high relative humidity and below ambient temperature 
applications.

2.3.2.3   Mineral Fiber Insulation with Integral Wicking Material (MFIWM)

ASTM C547.  Install in accordance with manufacturer's instructions.  Do 
not use in applications exposed to outdoor ambient conditions in climatic 
zones 1 through 4.

2.3.2.4   Polyisocyanurate Insulation

ASTM C591, Type I.  Supply the insulation with a factory applied vapor 
retarder/barrier that complies with Section 23 07 00  THERMAL INSULATION 
FOR MECHANICAL SYSTEMS.  The insulation and all covering must pass the 
flame spread index of 25 and the smoke developed index of 50 when tested 
in accordance with ASTM E84.

2.3.3   Aboveground Hot Pipeline (Above  60 deg. F )

Insulation for outdoor, indoor, exposed or concealed applications shall 
meet the following requirements.  Supply the insulation with 
manufacturer's recommended factory-applied jacket/vapor barrier.

2.3.3.1   Mineral Fiber

ASTM C547, Types I, II or III, supply the insulation with manufacturer's 
recommended factory-applied jacket.

2.3.3.2   Cellular Glass

ASTM C552, Type II and Type III.  Supply the insulation with 
manufacturer's recommended factory-applied jacket. 2.3.3.3   Flexible 

Elastomeric Cellular Insulation

Closed-cell, foam- or expanded-rubber materials containing anti-microbial 
additive, complying with ASTM C534/C534M, Grade 1, Type I or II to  220 
degrees F  service.  Type I for tubular materials. Type II for sheet 
materials.

2.3.3.4   Phenolic Insulation

ASTM C1126 Type III to  250 degrees F  service shall comply with ASTM C795.  
Supply the insulation with manufacturer's recommended factory-applied 
jacket/vapor barrier.

2.3.4   Aboveground Dual Temperature Pipeline

Selection of insulation for use over a dual temperature pipeline system 
(Outdoor, Indoor - Exposed or Concealed) shall be in accordance with the 
most limiting/restrictive case.  Find an allowable material from paragraph 
PIPE INSULATION MATERIALS and determine the required thickness from the 
most restrictive case.  Use the thickness listed in paragraphs INSULATION 
THICKNESS for cold & hot pipe applications.

2.3.5   Below-ground Pipeline Insulation

For below-ground pipeline insulation, use cellular glass, ASTM C552, type 
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II.

2.4   DUCT INSULATION SYSTEMS

2.4.1   Factory Applied Insulation

Provide factory-applied ASTM C534/C534M Grade 1, Type II, flexible 
elastomeric closed cell insulation according to manufacturer's 
recommendations for insulation with insulation manufacturer's standard 
reinforced fire-retardant vapor barrier.

2.4.1.1   Rigid Insulation

Calculate the minimum thickness in accordance with ASHRAE 90.2 .

2.4.1.2   Blanket Insulation

Calculate minimum thickness in accordance with ASHRAE 90.2 .

2.4.2   Duct Insulation Jackets

2.4.2.1   All-Purpose Jacket

Provide insulation with insulation manufacturer's standard reinforced 
fire-retardant jacket with or without integral vapor barrier as required 
by the service.  In exposed locations, provide jacket with a white surface 
suitable for field painting.

2.4.2.2   Metal Jackets

2.4.2.2.1   Aluminum Jackets

 ASTM B209, Temper H14, minimum thickness of 27 gauge (  0.016 inch ), with 
factory-applied polyethylene and kraft paper moisture barrier on inside 
surface.  Provide smooth surface jackets for jacket outside dimension  8 
inches  and larger.  Provide corrugated surface jackets for jacket outside 
dimension  8 inches  and larger.  Provide stainless steel bands, minimum 
width of  1/2 inch .

2.4.2.2.2   Stainless Steel Jackets

ASTM A167 or ASTM A240/A240M ; Type 304, minimum thickness of 33 gauge (  
0.010 inch ), smooth surface with factory-applied polyethylene and kraft 
paper moisture barrier on inside surface.  Provide stainless steel bands, 
minimum width of  1/2 inch .

2.4.2.3   Vapor Barrier/Weatherproofing Jacket

Vapor barrier/weatherproofing jacket shall be laminated self-adhesive 
(minimum  2 mils  adhesive,  3 mils  embossed) less than 0.0000 permeability, 
(greater than 3 ply, standard grade, silver, white, black and embossed or 
greater than 8 ply (minimum  2.9 mils  adhesive), heavy duty white or 
natural).

2.4.3   Weatherproof Duct Insulation

Provide ASTM C534/C534M Grade 1, Type II, flexible elastomeric cellular 
insulation, and weatherproofing as specified in manufacturer's 
instruction.  Multi-ply, Polymeric Blend Laminate Jacketing:  Construction 
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of laminate designed to provide UV resistance, high puncture, tear 
resistance and an excellent WVT rate.

2.5   EQUIPMENT INSULATION SYSTEMS

Insulate equipment and accessories as specified in Tables 5 and 6.  In 
outside locations, provide insulation  1/2 inch  thicker than specified.  
Increase the specified insulation thickness for equipment where necessary 
to equal the thickness of angles or other structural members to make a 
smooth, exterior surface.  Submit a booklet containing manufacturer's 
published installation instructions for the insulation systems.  The 
instructions must be copyrighted, have an identifying or publication 
number, and shall have been published prior to the issuance date of this 
solicitation.  A booklet is also required by paragraphs titled:  Pipe 
Insulation Systems and Duct Insulation Systems.

PART 3   EXECUTION

3.1   APPLICATION - GENERAL

Insulation shall only be applied to unheated and uncooled piping and 
equipment.  Flexible elastomeric cellular insulation shall not be 
compressed at joists, studs, columns, ducts, hangers, etc.  The insulation 
shall not pull apart after a one hour period; any insulation found to pull 
apart after one hour, shall be replaced.

3.1.1   Display Samples

Submit and display, after approval of materials, actual sections of 
installed systems, properly insulated in accordance with the specification 
requirements.  Such actual sections must remain accessible to inspection 
throughout the job and will be reviewed from time to time for controlling 
the quality of the work throughout the construction site.  Each material 
used shall be identified, by indicating on an attached sheet the 
specification requirement for the material and the material by each 
manufacturer intended to meet the requirement.  The Contracting Officer 
will inspect display sample sections at the jobsite.  Approved display 
sample sections shall remain on display at the jobsite during the 
construction period.  Upon completion of construction, the display sample 
sections will be closed and sealed.

3.1.1.1   Pipe Insulation Display Sections

Display sample sections shall include as a minimum an elbow or tee, a 
valve, dielectric waterways and flanges, a hanger with protection shield 
and insulation insert, or dowel as required, at support point, method of 
fastening and sealing insulation at longitudinal lap, circumferential lap, 
butt joints at fittings and on pipe runs, and terminating points for each 
type of pipe insulation used on the job, and for hot pipelines and cold 
pipelines, both interior and exterior, even when the same type of 
insulation is used for these services.

3.1.1.2   Duct Insulation Display Sections

Display sample sections for rigid and flexible duct insulation used on the 
job.  Use a temporary covering to enclose and protect display sections for 
duct insulation exposed to weather
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3.1.2   Installation

Except as otherwise specified, material shall be installed in accordance 
with the manufacturer's written instructions.  Insulation materials shall 
not be applied until tests specified in other sections of this 
specification are completed.  Material such as rust, scale, dirt and 
moisture shall be removed from surfaces to receive insulation.  Insulation 
shall be kept clean and dry.  Insulation shall not be removed from its 
shipping containers until the day it is ready to use and shall be returned 
to like containers or equally protected from dirt and moisture at the end 
of each workday.  Insulation that becomes dirty shall be thoroughly 
cleaned prior to use.  If insulation becomes wet or if cleaning does not 
restore the surfaces to like new condition, the insulation will be 
rejected, and shall be immediately removed from the jobsite.  Joints shall 
be staggered on multi layer insulation.  Mineral fiber thermal insulating 
cement shall be mixed with demineralized water when used on stainless 
steel surfaces.  Insulation, jacketing and accessories shall be installed 
in accordance with MICA Insulation Stds  plates except where modified 
herein or on the drawings.

3.1.3   Firestopping

Where pipes  and ducts  pass through fire walls, fire partitions, above 
grade floors, and fire rated chase walls, the penetration shall be sealed 
with fire stopping materials as specified in Section 07 84 00  
FIRESTOPPING.  The protection of ducts at point of passage through 
firewalls must be in accordance with NFPA 90A and/or NFPA 90B. All other 
penetrations, such as piping, conduit, and wiring, through firewalls must 
be protected with a material or system of the same hourly rating that is 
listed by UL, FM, or a NRTL.

3.1.4   Painting and Finishing

Painting shall be as specified in Section 09 90 00  PAINTS AND COATINGS.

3.1.5   Installation of Flexible Elastomeric Cellular Insulation

Install flexible elastomeric cellular insulation with seams and joints 
sealed with rubberized contact adhesive.  Flexible elastomeric cellular 
insulation shall not be used on surfaces greater than  220 degrees F .  
Stagger seams when applying multiple layers of insulation.  Protect 
insulation exposed to weather and not shown to have vapor barrier 
weatherproof jacketing with two coats of UV resistant finish or PVC or 
metal jacketing as recommended by the manufacturer after the adhesive is 
dry and cured.

3.1.5.1   Adhesive Application

Apply a brush coating of adhesive to both butt ends to be joined and to 
both slit surfaces to be sealed.  Allow the adhesive to set until dry to 
touch but tacky under slight pressure before joining the surfaces.  
Insulation seals at seams and joints shall not be capable of being pulled 
apart one hour after application.  Insulation that can be pulled apart one 
hour after installation shall be replaced.

3.1.5.2   Adhesive Safety Precautions

Use natural cross-ventilation, local (mechanical) pickup, and/or general 
area (mechanical) ventilation to prevent an accumulation of solvent 
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vapors, keeping in mind the ventilation pattern must remove any 
heavier-than-air solvent vapors from lower levels of the workspaces.  
Gloves and spectacle-type safety glasses are recommended in accordance 
with safe installation practices.

3.1.6   Welding

No welding shall be done on piping,  duct  or equipment  without written 
approval of the Contracting Officer.  The capacitor discharge welding 
process may be used for securing metal fasteners to duct .

3.1.7   Pipes/ Ducts/ Equipment  That Require Insulation

Insulation is required on all pipes,  ducts,  or equipment,  except for 
omitted items as specified.

3.2   PIPE INSULATION SYSTEMS  INSTALLATION

3.2.1   Pipe Insulation

3.2.1.1   General

Pipe insulation shall be installed on aboveground hot and cold pipeline 
systems as specified below to form a continuous thermal retarder/barrier, 
including straight runs, fittings and appurtenances unless specified 
otherwise.  Installation shall be with full length units of insulation and 
using a single cut piece to complete a run.  Cut pieces or scraps abutting 
each other shall not be used.  Pipe insulation shall be omitted on the 
following:

a.  Pipe used solely for fire protection.

b.  Chromium plated pipe to plumbing fixtures.  However, fixtures for use 
by the physically handicapped shall have the hot water supply and 
drain, including the trap, insulated where exposed.

c.  Sanitary drain lines.

d.  Air chambers.

e.  Adjacent insulation.

f.  ASME stamps.

g.  Access plates of fan housings.

h.  Cleanouts or handholes.

3.2.1.2   Pipes Passing Through Walls, Roofs, and Floors

Pipe insulation shall be continuous through the sleeve.

Provide an aluminum jacket or vapor barrier/weatherproofing self adhesive 
jacket (minimum  2 mils  adhesive,  3 mils  embossed) less than 0.0000 
permeability, greater than 3 ply standard grade, silver, white, black and 
embossed with factory applied moisture retarder over the insulation 
wherever penetrations require sealing.
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3.2.1.2.1   Penetrate Interior Walls

The aluminum jacket or vapor barrier/weatherproofing - self adhesive 
jacket (minimum  2 mils  adhesive,  3 mils  embossed) less than 0.0000 
permeability, greater than 3 plies standard grade, silver, white, black 
and embossed shall extend  2 inches  beyond either side of the wall and 
shall be secured on each end with a band.

3.2.1.2.2   Penetrating Floors

Extend the aluminum jacket from a point below the backup material to a 
point  10 inches  above the floor with one band at the floor and one not 
more than  1 inch  from the end of the aluminum jacket.

3.2.1.2.3   Penetrating Waterproofed Floors

Extend the aluminum jacket rom below the backup material to a point  2 
inches  above the flashing with a band  1 inch  from the end of the aluminum 
jacket.

3.2.1.2.4   Penetrating Exterior Walls

Continue the aluminum jacket required for pipe exposed to weather through 
the sleeve to a point  2 inches  beyond the interior surface of the wall.

3.2.1.2.5   Penetrating Roofs

Insulate pipe as required for interior service to a point flush with the 
top of the flashing and sealed with flashing sealant.  Tightly butt the 
insulation for exterior application to the top of flashing and interior 
insulation.  Extend the exterior aluminum jacket  2 inches  down beyond the 
end of the insulation to form a counter flashing.  Seal the flashing and 
counter flashing underneath with metal jacketing/flashing sealant.

3.2.1.2.6   Hot Water Pipes Supplying Lavatories or Other Similar Heated 
Service

Terminate the insulation on the backside of the finished wall.  Protect 
the insulation termination with two coats of vapor barrier coating with a 
minimum total thickness of  1/16 inch  applied with glass tape embedded 
between coats (if applicable).  Extend the coating out onto the insulation  
2 inches  and seal the end of the insulation.  Overlap glass tape seams  1 
inch .  Caulk the annular space between the pipe and wall penetration with 
approved fire stop material.  Cover the pipe and wall penetration with a 
properly sized (well fitting) escutcheon plate.  The escutcheon plate 
shall overlap the wall penetration at least  3/8 inches .

3.2.1.2.7    Domestic Cold Water Pipes Supplying Lavatories or Other Similar 
Cooling Service

Terminate the insulation on the finished side of the wall (i.e., 
insulation must cover the pipe throughout the wall penetration).  Protect 
the insulation with two coats of weather barrier mastic (breather emulsion 
type weatherproof mastic impermeable to water and permeable to air) with a 
minimum total thickness of  1/16 inch .  Extend the mastic out onto the 
insulation  2 inches  and shall seal the end of the insulation.  The annular 
space between the outer surface of the pipe insulation and caulk the wall 
penetration with an approved fire stop material having vapor retarder 
properties.  Cover the pipe and wall penetration with a properly sized 
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(well fitting) escutcheon plate.  The escutcheon plate shall overlap the 
wall penetration by at least  3/8 inches .

3.2.1.3   Pipes Passing Through Hangers

Insulation, whether hot or cold application, shall be continuous through 
hangers.  All horizontal pipes  2 inches  and smaller shall be supported on 
hangers with the addition of a Type 40 protection shield to protect the 
insulation in accordance with MSS SP-58 .  Whenever insulation shows signs 
of being compressed, or when the insulation or jacket shows visible signs 
of distortion at or near the support shield, insulation inserts as 
specified below for piping larger than  2 inches  shall be installed, or 
factory insulated hangers (designed with a load bearing core) can be used.

3.2.1.3.1   Horizontal Pipes Larger Than  2 Inches  at  60 Degrees F  and Above

Supported on hangers in accordance with MSS SP-58 , and Section 22 00 00  
PLUMBING, GENERAL PURPOSE.

3.2.1.3.2   Horizontal Pipes Larger Than  2 Inches  and Below  60 Degrees F

Supported on hangers with the addition of a Type 40 protection shield in 
accordance with MSS SP-58 .  An insulation insert of cellular glass, 
prefabricated insulation pipe hangers, or perlite above  80 degrees F  shall 
be installed above each shield.  The insert shall cover not less than the 
bottom 180-degree arc of the pipe.  Inserts shall be the same thickness as 
the insulation, and shall extend  2 inches  on each end beyond the 
protection shield.  When insulation inserts are required in accordance 
with the above, and the insulation thickness is less than  1 inch , wooden 
or cork dowels or blocks may be installed between the pipe and the shield 
to prevent the weight of the pipe from crushing the insulation, as an 
option to installing insulation inserts.  The insulation jacket shall be 
continuous over the wooden dowel, wooden block, or insulation insert.

3.2.1.3.3   Vertical Pipes

Supported with either Type 8 or Type 42 riser clamps with the addition of 
two Type 40 protection shields in accordance with MSS SP-58  covering the 
360-degree arc of the insulation.  An insulation insert of cellular glass 
or calcium silicate shall be installed between each shield and the pipe.  
The insert shall cover the 360-degree arc of the pipe.  Inserts shall be 
the same thickness as the insulation, and shall extend  2 inches  on each 
end beyond the protection shield.  When insulation inserts are required in 
accordance with the above, and the insulation thickness is less than  1 inch , 
wooden or cork dowels or blocks may be installed between the pipe and the 
shield to prevent the hanger from crushing the insulation, as an option 
instead of installing insulation inserts.  The insulation jacket shall be 
continuous over the wooden dowel, wooden block, or insulation insert.  The 
vertical weight of the pipe shall be supported with hangers located in a 
horizontal section of the pipe.  When the pipe riser is longer than  30 feet , 
the weight of the pipe shall be additionally supported with hangers in the 
vertical run of the pipe that are directly clamped to the pipe, 
penetrating the pipe insulation.  These hangers shall be insulated and the 
insulation jacket sealed as indicated herein for anchors in a similar 
service.

3.2.1.3.4   Inserts

Covered with a jacket material of the same appearance and quality as the 
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adjoining pipe insulation jacket, overlap the adjoining pipe jacket  1-1/2 
inches , and seal as required for the pipe jacket.  The jacket material 
used to cover inserts in flexible elastomeric cellular insulation shall 
conform to ASTM C1136, Type 1, and is allowed to be of a different 
material than the adjoining insulation material.

3.2.1.4   Flexible Elastomeric Cellular Pipe Insulation

Flexible elastomeric cellular pipe insulation shall be tubular form for 
pipe sizes  6 inches  and less.  Grade 1, Type II sheet insulation used on 
pipes larger than  6 inches  shall not be stretched around the pipe.  On 
pipes larger than  12 inches , the insulation shall be adhered directly to 
the pipe on the lower 1/3 of the pipe.  Seams shall be staggered when 
applying multiple layers of insulation.  Sweat fittings shall be insulated 
with miter-cut pieces the same size as on adjacent piping.  Screwed 
fittings shall be insulated with sleeved fitting covers fabricated from 
miter-cut pieces and shall be overlapped and sealed to the adjacent pipe 
insulation.  Type II requires an additional exterior vapor 
retarder/barrier covering for high relative humidity and below ambient 
temperature applications.

3.2.1.5   Pipes in high abuse areas.

In high abuse areas such as janitor closets and traffic areas in equipment 
rooms, kitchens, and mechanical rooms, welded PVC , aluminum or flexible 
laminate cladding (comprised of elastomeric, plastic or metal foil 
laminate) laminated self-adhesive (minimum  2 mils  adhesive,  3 mils  
embossed) vapor barrier/weatherproofing jacket, - less than 0.0000 
permeability; (greater than 3 ply, standard grade, silver, white, black 
and embossed)  jackets shall be utilized.  Pipe insulation to the  6 foot  
level shall be protected.  

3.2.1.6   Pipe Insulation Material and Thickness

Pipe insulation materials must be as listed in Table 1 and must meet or 
exceed the requirements of ASHRAE 90.2.  

TABLE 1

Insulation Material for Piping

Service

Material Specification Type Class VR/VB 
Req'd

Cold Domestic Water Piping, Makeup Water & Drinking Fountain Drain Piping

Cellular Glass ASTM C552 II 2 No

Flexible Elastomeric Cellular ASTM C534/C534M I No

Hot Domestic Water Supply & Recirculating Piping (Max  200 F )

Mineral Fiber ASTM C547 I 1 No

Cellular Glass ASTM C552 II 2 No

Flexible Elastomeric Cellular ASTM C534/C534M I No
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TABLE 1

Insulation Material for Piping

Service

Material Specification Type Class VR/VB 
Req'd

Faced Phenolic Foam ASTM C1126 III Yes

Refrigerant Suction Piping ( 35 degrees F  nominal)

Flexible Elastomeric Cellular ASTM C534/C534M I No

Cellular Glass ASTM C552 II 1 Yes

Exposed Lavatory Drains, Exposed Domestic Water Piping & Drains to Areas for 
Handicapped Personnel

Flexible Elastomeric Cellular ASTM C534/C534M I No

Horizontal Roof Drain Leaders (Including Underside of Roof Drain Fittings)

Flexible Elastomeric Cellular ASTM C534/C534M I No

Faced Phenolic Foam ASTM C1126 III Yes

Cellular Glass ASTM C552 III Yes

Condensate Drain Located Inside Building

Cellular Glass ASTM C552 II 2 No

Flexible Elastomeric Cellular ASTM C534/C534M I No

Note: VR/VB = Vapor Retarder/Vapor Barrier

TABLE 2

Piping Insulation Thickness ( inch )
  Do not use integral wicking material in  Chilled water applications exposed to

outdoor ambient conditions in climatic zones 1 through 4.

Service

Material Tube And Pipe Size  (inch)

<1 1-<1.5 1.5-<4 4-<8 > or = >8

Cold Domestic Water Piping, Makeup Water & Drinking Fountain Drain Piping

Cellular Glass 1.5 1.5 1.5 1.5 1.5

Flexible Elastomeric Cellular 1 1 1 N/A N/A
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TABLE 2

Piping Insulation Thickness ( inch )
  Do not use integral wicking material in  Chilled water applications exposed to

outdoor ambient conditions in climatic zones 1 through 4.

Service

Material Tube And Pipe Size  (inch)

<1 1-<1.5 1.5-<4 4-<8 > or = >8

Hot Domestic Water Supply & Recirculating Piping (Max  200 F )

Mineral Fiber 1 1 1 1.5 1.5

Cellular Glass 1.5 1.5 1.5 2 2

Flexible Elastomeric Cellular 1 1 1 N/A N/A

Refrigerant Suction Piping ( 35 degrees F  nominal)

Flexible Elastomeric Cellular 1 1 1 N/A N/A

Cellular Glass 1.5 1.5 1.5 1.5 1.5

Exposed Lavatory Drains, Exposed Domestic Water Piping & Drains to Areas for 
Handicapped Personnel

Flexible Elastomeric Cellular 0.5 0.5 0.5 0.5 0.5

Horizontal Roof Drain Leaders (Including Underside of Roof Drain Fittings)

Cellular Glass 1.5 1.5 1.5 1.5 1.5

Flexible Elastomeric Cellular 1 1 1 N/A N/A

Faced Phenolic Foam 1 1 1 1 1

Condensate Drain Located Inside Building

Cellular Glass 1.5 1.5 1.5 1.5 1.5

Flexible Elastomeric Cellular 1 1 1 N/A N/A

3.2.2   Aboveground Cold Pipelines

The following cold pipelines for  minus 30 to plus 60 degrees F , shall be 
insulated in accordance with Table 2 except those piping listed in 
subparagraph Pipe Insulation in PART 3 as to be omitted.  This includes 
but is not limited to the following:
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a.  Horizontal and vertical portions of interior roof drains.

b.  Refrigerant suction lines.

c.  Air conditioner condensate drains.

d.  Exposed lavatory drains and domestic water lines serving plumbing 
fixtures for handicap persons.

e.  Domestic cold and chilled drinking water.

3.2.2.1   Insulation Material and Thickness

Insulation thickness for cold pipelines shall be determined using Table 2.

3.2.2.2   Factory or Field applied Jacket

Insulation shall be covered with a factory applied vapor retarder 
jacket/vapor barrier or field applied seal welded PVC jacket or greater 
than 3 ply laminated self-adhesive (minimum  2 mils  adhesive,  3 mils  
embossed) vapor barrier/weatherproofing jacket - less than 0.0000 
permeability, standard grade, sliver, white, black and embossed for use 
with Mineral Fiber, Cellular Glass, and Phenolic Foam Insulated Pipe.  
Insulation inside the building, to be protected with an aluminum jacket or 
greater than 3ply vapor barrier/weatherproofing self-adhesive (minimum  2 
mils  adhesive,  3 mils  embossed) product, less than 0.0000 permeability, 
standard grade, Embossed Silver, White & Black, shall have the insulation 
and vapor retarder jacket installed as specified herein.  The aluminum 
jacket or greater than 3ply vapor barrier/weatherproofing self-adhesive 
(minimum  2 mils  adhesive,  3 mils  embossed)  product, less than 0.0000 
permeability, standard grade, embossed silver, White & Black, shall be 
installed as specified for piping exposed to weather, except sealing of 
the laps of the aluminum jacket is not required.  In high abuse areas such 
as janitor closets and traffic areas in equipment rooms, kitchens, and 
mechanical rooms, aluminum jackets or greater than 3ply vapor 
barrier/weatherproofing self-adhesive (minimum  2 mils  adhesive,  3 mils  
embossed) product, less than 0.0000 permeability, standard grade, embossed 
silver, white & black, shall be provided for pipe insulation to the  6 ft  
level.  

3.2.2.3   Installing Insulation for Straight Runs Hot and Cold Pipe

Apply insulation to the pipe with tight butt joints.  Seal all butted 
joints and ends with joint sealant and seal with a vapor retarder coating, 
greater than 3 ply laminate jacket - less than 0.0000 perm adhesive tape 
or PVDC adhesive tape.

3.2.2.3.1   Longitudinal Laps of the Jacket Material

Overlap not less than  1-1/2 inches .  Provide butt strips  3 inches  wide for 
circumferential joints.

3.2.2.3.2   Laps and Butt Strips

Secure with adhesive and staple on  4 inch  centers if not factory 
self-sealing.  If staples are used, seal in accordance with paragraph 
STAPLES below.  Note that staples are not required with cellular glass 
systems.
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3.2.2.3.3   Factory Self-Sealing Lap Systems

May be used when the ambient temperature is between  40 and 120 degrees F  
during installation.  Install the lap system in accordance with 
manufacturer's recommendations.  Use a stapler only if specifically 
recommended by the manufacturer.  Where gaps occur, replace the section or 
repair the gap by applying adhesive under the lap and then stapling.

3.2.2.3.4   Staples

Coat all staples, including those used to repair factory self-seal lap 
systems, with a vapor retarder coating or PVDC adhesive tape or greater 
than 3 ply laminate jacket - less than 0.0000 perm adhesive tape.  Coat 
all seams, except those on factory self-seal systems, with vapor retarder 
coating or PVDC adhesive tape or greater than 3 ply laminate jacket - less 
than 0.0000 perm adhesive tape.

3.2.2.3.5   Breaks and Punctures in the Jacket Material

Patch by wrapping a strip of jacket material around the pipe and secure it 
with adhesive, staple, and coat with vapor retarder coating or PVDC 
adhesive tape or greater than 3 ply laminate jacket - less than 0.0000 
perm adhesive tape.  Extend the patch not less than  1-1/2 inches  past the 
break.

3.2.2.3.6   Penetrations Such as Thermometers

Fill the voids in the insulation and seal with vapor retarder coating or 
PVDC adhesive tape or greater than 3 ply laminate jacket - less than 
0.0000 perm adhesive tape.

3.2.2.3.7   Flexible Elastomeric Cellular Pipe Insulation

Install by slitting the tubular sections and applying them onto the piping 
or tubing.  Alternately, whenever possible slide un-slit sections over the 
open ends of piping or tubing.  Secure all seams and butt joints and seal 
with adhesive.  When using self seal products only the butt joints shall 
be secured with adhesive.  Push insulation on the pipe, never pulled.  
Stretching of insulation may result in open seams and joints.  Clean cut 
all edges.  Rough or jagged edges of the insulation are not be permitted.  
Use proper tools such as sharp knives.  Do not stretch Grade 1, Type II 
sheet insulation around the pipe when used on pipe larger than  6 inches .  
On pipes larger than  12 inches , adhere sheet insulation directly to the 
pipe on the lower 1/3 of the pipe.

3.2.2.4   Insulation for Fittings and Accessories

a.  Pipe insulation shall be tightly butted to the insulation of the 
fittings and accessories.  The butted joints and ends shall be sealed 
with joint sealant and sealed with a vapor retarder coating or PVDC 
adhesive tape or greater than 3 ply laminate jacket - less than 0.0000 
perm adhesive tape.

b.  Precut or preformed insulation shall be placed around all fittings and 
accessories and shall conform to MICA plates  except as modified 
herein:  5 for anchors; 10, 11, and 13 for fittings; 14 for valves; 
and 17 for flanges and unions.  Insulation shall be the same 
insulation as the pipe insulation, including same density, thickness, 
and thermal conductivity.  Where precut/preformed is unavailable, 
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rigid preformed pipe insulation sections may be segmented into the 
shape required.  Insulation of the same thickness and conductivity as 
the adjoining pipe insulation shall be used.  If nesting size 
insulation is used, the insulation shall be overlapped  2 inches  or one 
pipe diameter.  Elbows insulated using segments shall conform to MICA 
Tables 12.20 "Mitered Insulation Elbow'.  Submit a booklet containing 
completed MICA Insulation Stds  plates detailing each insulating system 
for each pipe,  duct,  or equipment  insulating system, after approval of 
materials and prior to applying insulation.

(1)  The MICA plates shall detail the materials to be installed and 
the specific insulation application.  Submit all MICA plates 
required showing the entire insulating system, including plates 
required to show insulation penetrations, vessel bottom and top 
heads, legs, and skirt insulation as applicable.  The MICA plates 
shall present all variations of insulation systems including 
locations, materials, vaporproofing, jackets and insulation 
accessories.

(2)  If the Contractor elects to submit detailed drawings instead of 
edited MICA Plates, the detail drawings shall be technically 
equivalent to the edited MICA Plate submittal.

c.  Upon completion of insulation installation on flanges, unions, valves, 
anchors, fittings and accessories, terminations, seams, joints and 
insulation not protected by factory vapor retarder jackets or PVC 
fitting covers shall be protected with PVDC or greater than 3 ply 
laminate jacket - less than 0.0000 perm adhesive tape or two coats of 
vapor retarder coating with a minimum total thickness of  1/16 inch , 
applied with glass tape embedded between coats.  Tape seams shall 
overlap  1 inch .  The coating shall extend out onto the adjoining pipe 
insulation  2 inches .  Fabricated insulation with a factory vapor 
retarder jacket shall be protected with either greater than 3 ply 
laminate jacket - less than 0.0000 perm adhesive tape, standard grade, 
silver, white, black and embossed or PVDC adhesive tape or two coats 
of vapor retarder coating with a minimum thickness of  1/16 inch  and 
with a  2 inch  wide glass tape embedded between coats.  Where fitting 
insulation butts to pipe insulation, the joints shall be sealed with a 
vapor retarder coating and a  4 inch  wide ASJ tape which matches the 
jacket of the pipe insulation.

d.  Anchors attached directly to the pipe shall be insulated for a 
sufficient distance to prevent condensation but not less than  6 inches  
from the insulation surface.

e.  Insulation shall be marked showing the location of unions, strainers, 
and check valves.

3.2.2.5   Optional PVC Fitting Covers

At the option of the Contractor, premolded, one or two piece PVC fitting 
covers may be used in lieu of the vapor retarder and embedded glass tape.  
Factory precut or premolded insulation segments shall be used under the 
fitting covers for elbows.  Insulation segments shall be the same 
insulation as the pipe insulation including same density, thickness, and 
thermal conductivity.  The covers shall be secured by PVC vapor retarder 
tape, adhesive, seal welding or with tacks made for securing PVC covers.  
Seams in the cover, and tacks and laps to adjoining pipe insulation 
jacket, shall be sealed with vapor retarder tape to ensure that the 
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assembly has a continuous vapor seal.

3.2.3   Aboveground Hot Pipelines

3.2.3.1   General Requirements

All hot pipe lines above  60 degrees F , except those piping listed in 
subparagraph Pipe Insulation in PART 3 as to be omitted, shall be 
insulated in accordance with Table 2.  This includes but is not limited to 
the following:

a.  Domestic hot water supply & re-circulating system.

b.  Steam.

c.  Condensate & compressed air discharge.

d.  Hot water heating.

e.  Heated oil.

f.  Water defrost lines in refrigerated rooms.

Insulation shall be covered, in accordance with manufacturer's 
recommendations, with a factory applied Type I jacket or field applied 
aluminum where required or seal welded PVC.

3.2.3.2   Insulation for Fittings and Accessories

Pipe insulation shall be tightly butted to the insulation of the fittings 
and accessories.  The butted joints and ends shall be sealed with joint 
sealant.  Insulation shall be marked showing the location of unions, 
strainers, check valves and other components that would otherwise be 
hidden from view by the insulation.

3.2.3.2.1   Precut or Preformed

Place precut or preformed insulation around all fittings and accessories.  
Insulation shall be the same insulation as the pipe insulation, including 
same density, thickness, and thermal conductivity.

3.2.3.2.2   Rigid Preformed

Where precut/preformed is unavailable, rigid preformed pipe insulation 
sections may be segmented into the shape required.  Insulation of the same 
thickness and conductivity as the adjoining pipe insulation shall be 
used.  If nesting size insulation is used, the insulation shall be 
overlapped  2 inches  or one pipe diameter.  Elbows insulated using segments 
shall conform to MICA Tables 12.20 "Mitered Insulation Elbow".

3.2.4   Piping Exposed to Weather

Piping exposed to weather shall be insulated and jacketed as specified for 
the applicable service inside the building.  After this procedure, a 
laminated self-adhesive (minimum  2 mils  adhesive,  3 mils  embossed) vapor 
barrier/weatherproofing jacket - less than 0.0000 permeability (greater 
than 3 ply, standard grade, silver, white, black and embossed aluminum 
jacket or PVC jacket shall be applied.  PVC jacketing requires no 
factory-applied jacket beneath it, however an all service jacket shall be 
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applied if factory applied jacketing is not furnished.  Flexible 
elastomeric cellular insulation exposed to weather shall be treated in 
accordance with paragraph INSTALLATION OF FLEXIBLE ELASTOMERIC CELLULAR 
INSULATION in PART 3.

3.2.4.1   Aluminum Jacket

The jacket for hot piping may be factory applied.  The jacket shall 
overlap not less than  2 inches  at longitudinal and circumferential joints 
and shall be secured with bands at not more than  12 inch  centers.  
Longitudinal joints shall be overlapped down to shed water and located at 
4 or 8 o'clock positions.  Joints on piping  60 degrees F  and below shall 
be sealed with metal jacketing/flashing sealant while overlapping to 
prevent moisture penetration.  Where jacketing on piping  60 degrees F  and 
below abuts an un-insulated surface, joints shall be caulked to prevent 
moisture penetration.  Joints on piping above  60 degrees F  shall be sealed 
with a moisture retarder.

3.2.4.2   Insulation for Fittings

Flanges, unions, valves, fittings, and accessories shall be insulated and 
finished as specified for the applicable service.  Two coats of breather 
emulsion type weatherproof mastic (impermeable to water, permeable to air) 
recommended by the insulation manufacturer shall be applied with glass 
tape embedded between coats.  Tape overlaps shall be not less than  1 inch  
and the adjoining aluminum jacket not less than  2 inches .  Factory 
preformed aluminum jackets may be used in lieu of the above.  Molded PVC 
fitting covers shall be provided when PVC jackets are used for straight 
runs of pipe.  PVC fitting covers shall have adhesive welded joints and 
shall be weatherproof laminated self-adhesive (minimum  2 mils  adhesive,  3 
mils  embossed) vapor barrier/weatherproofing jacket - less than 0.0000 
permeability, (greater than 3 ply, standard grade, silver, white, black 
and embossed, and UV resistant.

3.2.4.3   PVC Jacket

PVC jacket shall be ultraviolet resistant and adhesive welded weather 
tight with manufacturer's recommended adhesive.  Installation shall 
include provision for thermal expansion.

3.2.5   Below Ground Pipe Insulation

Below ground pipes shall be insulated in accordance with Table 2, except 
as precluded in subparagraph Pipe Insulation in PART 3.  This includes, 
but is not limited to the following:

a.  Heated oil.

b.  Domestic hot water.

c.  Heating hot water.

d.  Dual temperature water.

e.  Steam.

f.  Condensate.
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3.2.5.1   Type of Insulation

Below ground pipe shall be insulated with Cellular Glass insulation, in 
accordance with manufacturer's instructions for application with thickness 
as determined from Table 2 (whichever is the most restrictive).

3.2.5.2   Installation of Below ground Pipe Insulation

a.  Bore surfaces of the insulation shall be coated with a thin coat of 
gypsum cement of a type recommended by the insulation manufacturer.  
Coating thickness shall be sufficient to fill surface cells of 
insulation.  Mastic type materials shall not be used for this 
coating.  Note that unless this is for a cyclic application (i.e., one 
that fluctuates between high and low temperature on a daily process 
basis) there is no need to bore coat the material.

b.  Stainless steel bands,  3/4 inch  wide by  0.020 inch  thick shall be 
used to secure insulation in place.  A minimum of two bands per 
section of insulation shall be applied.  As an alternate, fiberglass 
reinforced tape may be used to secure insulation on piping up to  12 
inches  in diameter.  A minimum of two bands per section of insulation 
shall be applied.

c.  Insulation shall terminate at anchor blocks but shall be continuous 
through sleeves and manholes.

d.  At point of entry to buildings, underground insulation shall be 
terminated  2 inches  inside the wall or floor, shall butt tightly 
against the aboveground insulation and the butt joint shall be sealed 
with high temperature silicone sealant and covered with fibrous glass 
tape.

e.  Provision for expansion and contraction of the insulation system shall 
be made in accordance with the insulation manufacturer's 
recommendations.

f.  Flanges, couplings, valves, and fittings shall be insulated with 
factory pre-molded, prefabricated, or field-fabricated sections of 
insulation of the same material and thickness as the adjoining pipe 
insulation.  Insulation sections shall be secured as recommended by 
the manufacturer.

g.  Insulation, including fittings, shall be finished with three coats of 
asphaltic mastic, with 6 by 5.5 mesh synthetic reinforcing fabric 
embedded between coats.  Fabric shall be overlapped a minimum of  2 
inches  at joints.  Total film thickness shall be a minimum of  3/16 inch .  
As an alternate, a prefabricated bituminous laminated jacket, 
reinforced with internal reinforcement mesh, shall be applied to the 
insulation.  Jacketing material and application procedures shall match 
manufacturer's written instructions.  Vapor barrier - less than 0.0000 
permeability self adhesive (minimum  2 mils  adhesive,  3 mils  embossed) 
jacket greater than 3 ply, standard grade, silver, white, black and 
embossed or greater than 8 ply (minimum  2.9 mils  adhesive), heavy 
duty, white or natural).  Application procedures shall match the 
manufacturer's written instructions.

h.  At termination points, other than building entrances, the mastic and 
cloth or tape shall cover the ends of insulation and extend  2 inches  
along the bare pipe.
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3.3   DUCT INSULATION SYSTEMS INSTALLATION

Except for oven hood exhaust duct insulation, corner angles shall be 
installed on external corners of insulation on ductwork in exposed 
finished spaces before covering with jacket.  Duct insulation shall be 
omitted on exposed supply and return ducts in air conditioned spaces 
unless otherwise shown.  Air conditioned spaces shall be defined as those 
spaces directly supplied with cooled conditioned air (or provided with a 
cooling device such as a fan-coil unit) and heated conditioned air (or 
provided with a heating device such as a unit heater, radiator or 
convector).

3.3.1   Duct Insulation Minimum Thickness

Duct insulation minimum thickness in accordance with Table 4.

Table 4 - Minimum Duct Insulation  (inches)

Cold Air Ducts  2.0

Relief Ducts  1.5

Fresh Air Intake Ducts  1.5

Warm Air Ducts  2.0

Relief Ducts  1.5

Fresh Air Intake Ducts  1.5

3.3.2   Insulation and Vapor Retarder/Vapor Barrier for Cold Air Duct

Insulation and vapor retarder/vapor barrier shall be provided for the 
following cold air ducts and associated equipment.

a.  Supply ducts.

b.  Return air ducts.

c.  Relief ducts.

d.  Flexible run-outs (field-insulated).

e.  Plenums.

f.  Duct-mounted coil casings.

g.  Coil headers and return bends.

h.  Coil casings.

i.  Fresh air intake ducts.

j.  Filter boxes.
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k.  Mixing boxes (field-insulated).

l.  Supply fans (field-insulated).

m.  Site-erected air conditioner casings.

n.  Ducts exposed to weather.

o.  Combustion air intake ducts.

Insulation for rectangular ducts shall be flexible type where concealed, 
minimum density  3/4 pcf , and rigid type where exposed, minimum density  3 
pcf .  Insulation for both concealed or exposed round/oval ducts shall be 
flexible type, minimum density  3/4 pcf  or a semi rigid board, minimum 
density  3 pcf , formed or fabricated to a tight fit, edges beveled and 
joints tightly butted and staggered.  Insulation for all exposed ducts 
shall be provided with either a white, paint-able, factory-applied Type I 
jacket or a field applied vapor retarder/vapor barrier jacket coating 
finish as specified, the total field applied dry film thickness shall be 
approximately  1/16 inch .  Insulation on all concealed duct shall be 
provided with a factory-applied Type I or II vapor retarder/vapor barrier 
jacket.  Duct insulation shall be continuous through sleeves and prepared 
openings except firewall penetrations.  Duct insulation terminating at 
fire dampers, shall be continuous over the damper collar and retaining 
angle of fire dampers, which are exposed to unconditioned air and which 
may be prone to condensate formation.  Duct insulation and vapor 
retarder/vapor barrier shall cover the collar, neck, and any un-insulated 
surfaces of diffusers, registers and grills.  Vapor retarder/vapor barrier 
materials shall be applied to form a complete unbroken vapor seal over the 
insulation.  Sheet Metal Duct shall be sealed in accordance with Section 
23 00 00  AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM.

3.3.2.1   Installation on Concealed Duct

a.  For rectangular, oval or round ducts, flexible insulation shall be 
attached by applying adhesive around the entire perimeter of the duct 
in  6 inch  wide strips on  12 inch  centers.

b.  For rectangular and oval ducts,  24 inches  and larger insulation shall 
be additionally secured to bottom of ducts by the use of mechanical 
fasteners.  Fasteners shall be spaced on  16 inch  centers and not more 
than  16 inches  from duct corners.

c.  For rectangular, oval and round ducts, mechanical fasteners shall be 
provided on sides of duct risers for all duct sizes.  Fasteners shall 
be spaced on  16 inch  centers and not more than  16 inches  from duct 
corners.

d.  Insulation shall be impaled on the mechanical fasteners (self stick 
pins) where used and shall be pressed thoroughly into the adhesive.  
Care shall be taken to ensure vapor retarder/vapor barrier jacket 
joints overlap  2 inches .  The insulation shall not be compressed to a 
thickness less than that specified.  Insulation shall be carried over 
standing seams and trapeze-type duct hangers.

e.  Where mechanical fasteners are used, self-locking washers shall be 
installed and the pin trimmed and bent over.

f.  Jacket overlaps shall be secured with staples and tape as necessary to 
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ensure a secure seal.  Staples, tape and seams shall be coated with a 
brush coat of vapor retarder coating or PVDC adhesive tape or greater 
than 3 ply laminate (minimum  2 mils  adhesive,  3 mils  embossed) - less 
than 0.0000 perm adhesive tape.

g.  Breaks in the jacket material shall be covered with patches of the 
same material as the vapor retarder jacket.  The patches shall extend 
not less than  2 inches  beyond the break or penetration in all 
directions and shall be secured with tape and staples.  Staples and 
tape joints shall be sealed with a brush coat of vapor retarder 
coating or PVDC adhesive tape or greater than 3 ply laminate (minimum  
2 mils  adhesive,  3 mils  embossed) - less than 0.0000 perm adhesive 
tape.

h.  At jacket penetrations such as hangers, thermometers, and damper 
operating rods, voids in the insulation shall be filled and the 
penetration sealed with a brush coat of vapor retarder coating or PVDC 
adhesive tape greater than 3 ply laminate (minimum  2 mils  adhesive,  3 
mils  embossed) - less than 0.0000 perm adhesive tape.

i.  Insulation terminations and pin punctures shall be sealed and flashed 
with a reinforced vapor retarder coating finish or tape with a brush 
coat of vapor retarder coating..  The coating shall overlap the 
adjoining insulation and un-insulated surface  2 inches .  Pin puncture 
coatings shall extend  2 inches  from the puncture in all directions.

j.  Where insulation standoff brackets occur, insulation shall be extended 
under the bracket and the jacket terminated at the bracket.

3.3.2.2   Installation on Exposed Duct Work

a.  For rectangular ducts, rigid insulation shall be secured to the duct 
by mechanical fasteners on all four sides of the duct, spaced not more 
than  12 inches  apart and not more than  3 inches  from the edges of the 
insulation joints.  A minimum of two rows of fasteners shall be 
provided for each side of duct  12 inches  and larger.  One row shall be 
provided for each side of duct less than  12 inches .  Mechanical 
fasteners shall be as corrosion resistant as G60 coated galvanized 
steel, and shall indefinitely sustain a  50 lb  tensile dead load test 
perpendicular to the duct wall.

b.  Form duct insulation with minimum jacket seams.  Fasten each piece of 
rigid insulation to the duct using mechanical fasteners.  When the 
height of projections is less than the insulation thickness, 
insulation shall be brought up to standing seams, reinforcing, and 
other vertical projections and shall not be carried over.  Vapor 
retarder/barrier jacket shall be continuous across seams, reinforcing, 
and projections.  When height of projections is greater than the 
insulation thickness, insulation and jacket shall be carried over.  
Apply insulation with joints tightly butted.  Neatly bevel insulation 
around name plates and access plates and doors.

c.  Impale insulation on the fasteners; self-locking washers shall be 
installed and the pin trimmed and bent over.

d.  Seal joints in the insulation jacket with a  4 inch  wide strip of 
tape.  Seal taped seams with a brush coat of vapor retarder coating.

e.  Breaks and ribs or standing seam penetrations in the jacket material 
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shall be covered with a patch of the same material as the jacket.  
Patches shall extend not less than  2 inches  beyond the break or 
penetration and shall be secured with tape and stapled.  Staples and 
joints shall be sealed with a brush coat of vapor retarder coating.

f.  At jacket penetrations such as hangers, thermometers, and damper 
operating rods, the voids in the insulation shall be filled and the 
penetrations sealed with a flashing sealant.

g.  Insulation terminations and pin punctures shall be sealed and flashed 
with a reinforced vapor retarder coating finish.  The coating shall 
overlap the adjoining insulation and un-insulated surface  2 inches .  
Pin puncture coatings shall extend  2 inches  from the puncture in all 
directions.

h.  Oval and round ducts, flexible type, shall be insulated with factory 
Type I jacket insulation with minimum density of  3/4 pcf , attached as 
in accordance with MICA standards.

3.3.3   Insulation for Warm Air Duct

Insulation and vapor barrier shall be provided for the following warm air 
ducts and associated equipment:.

a.  Supply ducts.

b.  Return air ducts.

c.  Relief air ducts

d.  Flexible run-outs (field insulated).

e.  Plenums.

f.  Duct-mounted coil casings.

g.  Coil-headers and return bends.

h.  Coil casings.

i.  Fresh air intake ducts.

j.  Filter boxes.

k.  Mixing boxes.

l.  Supply fans.

m.  Site-erected air conditioner casings.

n.  Ducts exposed to weather.

Insulation for rectangular ducts shall be flexible type where concealed, 
and rigid type where exposed.  Insulation on exposed ducts shall be 
provided with a white, paint-able, factory-applied Type II jacket, or 
finished with adhesive finish.  Flexible type insulation shall be used for 
round ducts, with a factory-applied Type II jacket.  Insulation on 
concealed duct shall be provided with a factory-applied Type II jacket.  
Adhesive finish where indicated to be used shall be accomplished by 
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applying two coats of adhesive with a layer of glass cloth embedded 
between the coats.  The total dry film thickness shall be approximately  
1/16 inch .  Duct insulation shall be continuous through sleeves and 
prepared openings.  Duct insulation shall terminate at fire dampers and 
flexible connections.

3.3.3.1   Installation on Concealed Duct

a.  For rectangular, oval and round ducts, insulation shall be attached by 
applying adhesive around the entire perimeter of the duct in  6 inch  
wide strips on  12 inch  centers.

b.  For rectangular and oval ducts  24 inches  and larger, insulation shall 
be secured to the bottom of ducts by the use of mechanical fasteners.  
Fasteners shall be spaced on  18 inch  centers and not more than  18 
inches  from duct corner.

c.  For rectangular, oval and round ducts, mechanical fasteners shall be 
provided on sides of duct risers for all duct sizes.  Fasteners shall 
be spaced on  18 inch  centers and not more than  18 inches  from duct 
corners.

d.  The insulation shall be impaled on the mechanical fasteners where 
used.  The insulation shall not be compressed to a thickness less than 
that specified.  Insulation shall be carried over standing seams and 
trapeze-type hangers.

e.  Self-locking washers shall be installed where mechanical fasteners are 
used and the pin trimmed and bent over.

f.  Insulation jacket shall overlap not less than  2 inches  at joints and 
the lap shall be secured and stapled on  4 inch  centers.

3.3.3.2   Installation on Exposed Duct

a.  For rectangular ducts, the rigid insulation shall be secured to the 
duct by the use of mechanical fasteners on all four sides of the duct, 
spaced not more than  16 inches  apart and not more than  6 inches  from 
the edges of the insulation joints.  A minimum of two rows of 
fasteners shall be provided for each side of duct  12 inches  and larger 
and a minimum of one row for each side of duct less than  12 inches .

b.  Duct insulation with factory-applied jacket shall be formed with 
minimum jacket seams, and each piece of rigid insulation shall be 
fastened to the duct using mechanical fasteners.  When the height of 
projection is less than the insulation thickness, insulation shall be 
brought up to standing seams, reinforcing, and other vertical 
projections and shall not be carried over the projection.  Jacket 
shall be continuous across seams, reinforcing, and projections.  Where 
the height of projections is greater than the insulation thickness, 
insulation and jacket shall be carried over the projection.

c.  Insulation shall be impaled on the fasteners; self-locking washers 
shall be installed and pin trimmed and bent over.

d.  Joints on jacketed insulation shall be sealed with a  4 inch  wide strip 
of tape and brushed with vapor retarder coating.

e.  Breaks and penetrations in the jacket material shall be covered with a 
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patch of the same material as the jacket.  Patches shall extend not 
less than  2 inches  beyond the break or penetration and shall be 
secured with adhesive and stapled.

f.  Insulation terminations and pin punctures shall be sealed with tape 
and brushed with vapor retarder coating.

g.  Oval and round ducts, flexible type, shall be insulated with factory 
Type I jacket insulation, minimum density of  3/4 pcf  attached by 
staples spaced not more than  16 inches  and not more than  6 inches  from 
the degrees of joints.  Joints shall be sealed in accordance with item 
"d." above.

3.3.4   Ducts Handling Air for Dual Purpose

For air handling ducts for dual purpose below and above  60 degrees F , 
ducts shall be insulated as specified for cold air duct.

3.3.5   Duct Test Holes

After duct systems have been tested, adjusted, and balanced, breaks in the 
insulation and jacket shall be repaired in accordance with the applicable 
section of this specification for the type of duct insulation to be 
repaired.

3.3.6   Duct Exposed to Weather

3.3.6.1   Installation

Ducts exposed to weather shall be insulated and finished as specified for 
the applicable service for exposed duct inside the building.  After the 
above is accomplished, the insulation shall then be further finished as 
detailed in the following subparagraphs.

3.3.6.2   Round Duct

Laminated self-adhesive (minimum  2 mils  adhesive,  3 mils  embossed) vapor 
barrier/weatherproofing jacket - Less than 0.0000 permeability, (greater 
than 3 ply, standard grade, silver, white, black and embossed or greater 
than 8 ply, heavy duty, white and natural) membrane shall be applied 
overlapping material by  3 inches  no bands or caulking needed - see 
manufacturer's recommended installation instructions.  Aluminum jacket 
with factory applied moisture retarder shall be applied with the joints 
lapped not less than  3 inches  and secured with bands located at 
circumferential laps and at not more than  12 inch  intervals throughout.  
Horizontal joints shall lap down to shed water and located at 4 or 8 
o'clock position.  Joints shall be sealed with metal jacketing sealant to 
prevent moisture penetration.  Where jacketing abuts an un-insulated 
surface, joints shall be sealed with metal jacketing sealant.

3.3.6.3   Fittings

Fittings and other irregular shapes shall be finished as specified for 
rectangular ducts.

3.3.6.4   Rectangular Ducts

Two coats of weather barrier mastic reinforced with fabric or mesh for 
outdoor application shall be applied to the entire surface.  Each coat of 
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weatherproof mastic shall be  1/16 inch  minimum thickness.  The exterior 
shall be a metal jacketing applied for mechanical abuse and weather 
protection, and secured with screws or vapor barrier/weatherproofing 
jacket less than 0.0000 permeability greater than 3 ply, standard grade, 
silver, white, black, and embossed or greater than 8 ply, heavy duty white 
and natural. Membrane shall be applied overlapping material by  3 inches .  
No bands or caulking needed-see manufacturing recommend installation 
instructions.

3.4   EQUIPMENT INSULATION SYSTEMS INSTALLATION

3.4.1   General

Removable insulation sections shall be provided to cover parts of 
equipment that must be opened periodically for maintenance including 
vessel covers, fasteners, flanges and accessories.  Equipment insulation 
shall be omitted on the following:

a.  Hand-holes.

b.  Boiler manholes.

c.  Cleanouts.

d.  ASME stamps.

e.  Manufacturer's nameplates.

f.  Duct Test/Balance Test Holes.

3.4.2   Insulation for Cold Equipment

Cold equipment below  60 degrees F : Insulation shall be furnished on 
equipment handling media below  60 degrees F  including the following:

a.  Pumps.

b.  Refrigeration equipment parts that are not factory insulated.

c.  Drip pans under chilled equipment.

d.  Cold water storage tanks.

e.  Water softeners.

f.  Duct mounted coils.

g.  Cold and chilled water pumps.

h.  Pneumatic water tanks.

i.  Roof drain bodies.

j.  Air handling equipment parts that are not factory insulated.

k.  Expansion and air separation tanks.
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3.4.2.1   Insulation Type

Insulation shall be suitable for the temperature encountered.  Material 
and thicknesses shall be as shown in Table 5:

TABLE 5

Insulation Thickness for Cold Equipment  (inches)

Equipment handling media at indicated temperature

Material Thickness  (inches)

35 to 60 degrees F

Cellular Glass 1.5

Flexible Elastomeric Cellular 1

1 to 34 degrees F

Cellular Glass 3

Flexible Elastomeric Cellular 1.5

Minus 30 to 0 degrees F

Cellular Glass 3.5

Flexible Elastomeric Cellular 1.75

3.4.2.2   Pump Insulation

a.  Insulate pumps by forming a box around the pump housing.  The box 
shall be constructed by forming the bottom and sides using joints that 
do not leave raw ends of insulation exposed.  Joints between sides and 
between sides and bottom shall be joined by adhesive with lap strips 
for rigid mineral fiber and contact adhesive for flexible elastomeric 
cellular insulation.  The box shall conform to the requirements of 
MICA Insulation Stds  plate No. 49 when using flexible elastomeric 
cellular insulation.  Joints between top cover and sides shall fit 
tightly forming a female shiplap joint on the side pieces and a male 
joint on the top cover, thus making the top cover removable.

b.  Exposed insulation corners shall be protected with corner angles.

c.  Upon completion of installation of the insulation, including removable 
sections, two coats of vapor retarder coating shall be applied with a 
layer of glass cloth embedded between the coats.  The total dry 
thickness of the finish shall be  1/16 inch .  A parting line shall be 
provided between the box and the removable sections allowing the 
removable sections to be removed without disturbing the insulation 
coating.  Flashing sealant shall be applied to parting line, between 
equipment and removable section insulation, and at all penetrations.
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3.4.2.3   Other Equipment

a.  Insulation shall be formed or fabricated to fit the equipment.  To 
ensure a tight fit on round equipment, edges shall be beveled and 
joints shall be tightly butted and staggered.

b.  Insulation shall be secured in place with bands or wires at intervals 
as recommended by the manufacturer but not more than  12 inch  centers 
except flexible elastomeric cellular which shall be adhered with 
contact adhesive.  Insulation corners shall be protected under wires 
and bands with suitable corner angles.

c.  Cellular glass shall be installed in accordance with manufacturer's 
instructions.  Joints and ends shall be sealed with joint sealant, and 
sealed with a vapor retarder coating.

d.  Insulation on heads of heat exchangers shall be removable.  Removable 
section joints shall be fabricated using a male-female shiplap type 
joint.  The entire surface of the removable section shall be finished 
by applying two coats of vapor retarder coating with a layer of glass 
cloth embedded between the coats.  The total dry thickness of the 
finish shall be  1/16 inch .

e.  Exposed insulation corners shall be protected with corner angles.

f.  Insulation on equipment with ribs shall be applied over  6 by 6 inches  
by 12 gauge welded wire fabric which has been cinched in place, or if 
approved by the Contracting Officer, spot welded to the equipment over 
the ribs.  Insulation shall be secured to the fabric with J-hooks and  
2 by 2 inches  washers or shall be securely banded or wired in place on  
12 inch  centers.

3.4.2.4   Vapor Retarder/Vapor Barrier

Upon completion of installation of insulation, penetrations shall be 
caulked.  Two coats of vapor retarder coating or vapor barrier jacket 
shall be applied over insulation, including removable sections, with a 
layer of open mesh synthetic fabric embedded between the coats.  The total 
dry thickness of the finish shall be  1/16 inch .  Flashing sealant or vapor 
barrier tape shall be applied to parting line between equipment and 
removable section insulation.

3.4.3   Insulation for Hot Equipment

Insulation shall be furnished on equipment handling media above  60 degrees 
F including the following:

a.  Converters.

b.  Heat exchangers.

c.  Hot water generators.

d.  Water heaters.

e.  Pumps handling media above  130 degrees F .

f.  Fuel oil heaters.
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g.  Hot water storage tanks.

h.  Air separation tanks.

i.  Surge tanks.

j.  Flash tanks.

k.  Feed-water heaters.

l.  Unjacketed boilers or parts of boilers.

m.  Boiler flue gas connection from boiler to stack (if inside).

n.  Induced draft fans.

o.  Fly ash and soot collectors.

p.  Condensate receivers.

3.4.3.1   Insulation

Insulation shall be suitable for the temperature encountered.  Shell and 
tube-type heat exchangers shall be insulated for the temperature of the 
shell medium.

Insulation thickness for hot equipment shall be determined using Table 6:

TABLE 6

Insulation Thickness for Hot Equipment  (inches)

Equipment handling steam or media at indicated pressure or temperature limit

Material Thickness  (inches)

15 psig or 250 degrees F

Rigid Mineral Fiber 2

Flexible Mineral Fiber 2

Calcium Silicate/Perlite 4

Cellular Glass 3

Faced Phenolic Foam 1.5

Flexible Elastomeric Cellular ( <200 F ) 1

200psig or 400 degrees F

Rigid Mineral Fiber 3

Flexible Mineral Fiber 3

Calcium Silicate/Perlite 4
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TABLE 6

Insulation Thickness for Hot Equipment  (inches)

Equipment handling steam or media at indicated pressure or temperature limit

Material Thickness  (inches)

Cellular Glass 4

600 degrees F

Rigid Mineral Fiber 5

Flexible Mineral Fiber 6

Calcium Silicate/Perlite 6

Cellular Glass 6

600 degrees F :  Thickness necessary to limit the external temperature of the 
insulation to  120 F .  Heat transfer calculations shall be submitted to 
substantiate insulation and thickness selection.

3.4.4   Equipment Exposed to Weather

3.4.4.1   Installation

Equipment exposed to weather shall be insulated and finished in accordance 
with the requirements for ducts exposed to weather in paragraph DUCT 
INSULATION INSTALLATION.

3.4.4.2   Optional Panels

At the option of the Contractor, prefabricated metal insulation panels may 
be used in lieu of the insulation and finish previously specified.  
Thermal performance shall be equal to or better than that specified for 
field applied insulation.  Panels shall be the standard catalog product of 
a manufacturer of metal insulation panels.  Fastenings, flashing, and 
support system shall conform to published recommendations of the 
manufacturer for weatherproof installation and shall prevent moisture from 
entering the insulation.  Panels shall be designed to accommodate thermal 
expansion and to support a  250 pound  walking load without permanent 
deformation or permanent damage to the insulation.  Exterior metal cover 
sheet shall be aluminum and exposed fastenings shall be stainless steel or 
aluminum.

        -- End of Section --
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SECTION 23 09 23.02

BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS
02/19

PART 1   GENERAL

1.1   SUMMARY

Provide a complete Direct Digital Control (DDC) system, suitable for the 
control of the heating, ventilating and air conditioning (HVAC) and other 
building-level systems as specified .
The BAS Owner for this project is the 75th (CES) Civil Engineering 
Squadron, Mechanical Engineering Section 801-777-3151, 801-777-2664. For 
comments you can contact Energy Management Controls System (EMCS) desk or 
the Energy Office at 801-777-2188 or 801-777-3988. The BAS owner will be 
part of the project team responsible for design, solicitation, 
construction, and final acceptance. Hill AFB EMCS control systems are 
limited to those with a current Authority To Operate within the CE VLAN 
Enclave using pre-approved hardware and software. 

1.1.1   System Requirements

Provide a system meeting the requirements this Section and with the 
following characteristics:

a.  
Except for Gateways, the control system must be an open implementation 
of BACnet technology using ASHRAE 135 as the communications protocol.  
The system must use standard ASHRAE 135 Objects and Properties.  The 
system must use standard ASHRAE 135 Services exclusively for 
communication over the network.  Gateways to packaged units must 
communicate with other DDC hardware using  ASHRAE 135 exclusively and 
may communicate with packaged equipment using other protocols. The 
control system must be installed such that any two devices on the 
Internetwork can communicate using standard ASHRAE 135 Services.

b.  Install and configure control hardware to provide ASHRAE 135 Objects 
and Properties as indicated and as needed to meet the requirements of 
this specification.

1.1.2   Verification of Specification Requirements

Review all specifications related to the control system installation and 
advise the Contracting Officer of any discrepancies before performing any 
work.  If any other Section referenced in this specification is not 
included in the project specifications advise the Contracting Officer and 
either obtain the missing Section or obtain Contracting Officer approval 
before performing any work.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

SECTION 23 09 23.02  Page 1



Hill Air Force Base, UT, Building 591 HILL591

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 135 (2016) BACnet—A Data Communication 
Protocol for Building Automation and 
Control Networks

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 802.3 (2018) Ethernet

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-485 (1998a; R 2012) Electrical Characteristics 
of Generators and Receivers for Use in 
Balanced Digital Multipoint Systems

1.3   SUBMITTALS

Submittal requirements related to this Section are specified in Section 
23 09 00  INSTRUMENTATION AND CONTROL FOR HVAC.

PART 2   PRODUCTS

All products used to meet this specification must meet the indicated 
requirements, but not all products specified here will be required by 
every project.  All products must meet the requirements of  this Section.

2.1   NETWORK HARDWARE

2.1.1   BACnet Router

All BACnet Routers must be BACnet/IP Routers and must perform layer 3 
routing of ASHRAE 135 packets over an IP network in accordance with 
ASHRAE 135 Annex J and Clause 6.  The router must provide the appropriate 
connection to the IP network and connections to one or more ASHRAE 135 
MS/TP networks.   Devices used as BACnet Routers must meet the 
requirements for DDC Hardware, and must support the NM-RC-B BIBB.

2.1.2   BACnet Gateways

In addition to the requirements for DDC Hardware, the BACnet Gateway must 
meet the following requirements:

a.  It must perform bi-directional protocol translation from one non-
ASHRAE 135 protocol to ASHRAE 135.   BACnet Gateways must incorporate 
a network connection to an ASHRAE 135 network (either BACnet over IP 
in accordance with Annex J or MS/TP) and a separate connection 
appropriate for the non- ASHRAE 135 protocol and media.

b.  It must retain its configuration after a power loss of an indefinite 
time, and must automatically return to their pre-power loss state once 
power is restored.

c.  It must allow bi-directional mapping of data between the non- ASHRAE 135
 protocol and Standard Objects as defined in ASHRAE 135.  It must 
support the DS-RP-B BIBB for Objects requiring read access and the 
DS-WP-B BIBB for Objects requiring write access.
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d.  It must support the DS-COV-B BIBB.

Although Gateways must meet DDC Hardware requirements they are not DDC 
Hardware and must not be used when DDC Hardware is required.  

2.1.3   Ethernet Switch

Ethernet Switches must be managed switches and must autoconfigure between 
10,100 and 1000 megabits per second (MBPS).

2.2   CONTROL NETWORK WIRING

a.  BACnet MS/TP communications wiring must be in accordance with 
ASHRAE 135.  The wiring must use shielded cable with characteristic 
impedance between 100 and 120 ohms. Distributed capacitance between 
conductors must be less than  30 pF per foot .

b.  Building Control Network Backbone IP Network must use Ethernet media.  
Ethernet cables must be CAT-5e at a minimum and meet all requirements 
of IEEE 802.3  .

2.3   DIRECT DIGITAL CONTROL (DDC) HARDWARE - This section does not apply to 
Hill AFB projects. All DDC hardware must be pre-approved by the CE EMCS 
office.

PART 3   EXECUTION

3.1    CONTROL SYSTEM INSTALLATION3.1.1   Building Control Network (BCN)

Install the Building Control Network (BCN) as a single BACnet Internetwork 
consisting of a single IP network as the BCN Backbone and zero or more 
BACnet MS/TP networks.  Note that in some cases there may only be a single 
device on the BCN Backbone.

Except as permitted for the non-BACnet side of Gateways, use exclusively 
ASHRAE 135 networks.

3.1.1.1   Building Control Network IP Backbone

.
Connect IP uplink to the nearest NIPRNet switch according to the most 
recent guidance from the communications squadron.

Coordinate UDP port assignment with the CE EMCS office.  

3.1.1.2   BACnet MS/TP Networks

When using MS/TP, provide MS/TP networks in accordance with ASHRAE 135   
Ground the shield at the BACnet Router and at no other point.   In 
addition:

a.  Provide each segment in a doubly terminated bus topology in accordance 
with TIA-485 .

b.  Provide each segment with 2 sets of network bias resistors in 
accordance with ASHRAE 135, with one set of resistors at each end of 
the MS/TP network.

c.  Use 2 wire (twisted pair ) with shield media for all MS/TP media 
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installed inside.  Use fiber optic isolation in accordance with 
ASHRAE 135 for all MS/TP media installed outside buildings, or between 
multiple buildings.

d.  For 18 AWG cable, use segments with a maximum length of 4000 ft . When 
using greater distances or different wire gauges comply with the 
electrical specifications of TIA-485 .

e.  For each controller  wire provide transient suppression at the network 
connection of the controller if the controller itself does not 
incorporate transient suppression.

f.  Install no more than 32 devices on each MS/TP segment. Do not use 
MS/TP to MS/TP routers.

g.  Connect each MS/TP network to the BCN backbone via a BACnet Router.

h.  For BACnet Routers, configure the MS/TP MAC address to 0.  Assign MAC 
Addresses to other devices consecutively beginning at 1, with no 
gaps.  

i.  Configure the Max_Master Property of all devices to be 31  where 
dynamic configuration is unavailable . 

3.1.1.3   Building Control Network (BCN) Installation

Provide a building control network meeting the following requirements:

a.  Install all DDC Hardware connected to the Building Control Network.

b.  Where multiple pieces of DDC Hardware are used to execute one 
sequence, install all DDC Hardware executing that sequence on a single 
MS/TP network dedicated to that sequence.

c.  Traffic between BACnet networks must be exclusively via BACnet routers.

3.1.2   DDC Hardware

Install all DDC Hardware that connects to an IP network in quarter-turn 
latching enclosure.  Install other DDC Hardware that is not in suspended 
ceilings in enclosures.  For all DDC hardware with a user interface, 
coordinate with site to determine proper passwords and configure passwords 
into device.

a.  Except for zone sensors (thermostats), install all Tethered Hardware 
within  6 feet  of its base unit.

b.  Install and configure all BTL-Listed devices in a manner consistent 
with their BTL Listing such that the device as provided still meets 
all requirements necessary for its BTL Listing.   

c.  Install and configure all BTL-Listed devices in a manner consistent 
with the BTL Device Implementation Guidelines such that the device as 
provided meets all those Guidelines.

3.1.2.1    Device Identifiers, Network Addresses, and IP addresses

a.  Do not use any Device Identifier or Network Number already used by 
another BACnet system at the project site.  Coordinate Device IDs and 
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Network Numbers with the the CE EMCS office .   .

b.  Coordinate device IP addresses with the CE EMCS office .  

3.1.2.2   Object Name Property and Object Description Property

   Coordinate object naming with the CE EMCS office.

3.1.2.3   Engineering Units

Configure devices to use English (Inch-Pound) engineering units as follows:

a.  Temperature in degrees F

b.  Air or natural gas flows in cubic feet per minute (CFM)

c.  Water in gallons per minute (GPM)

d.  Steam flow in pounds per hour (pph)

e.  Differential Air pressures in inches of water column (IWC)

f.  Water, steam, and natural gas pressures in PSI

g.  Enthalpy in BTU/lb

h.  Heating and cooling energy in MBTU (1MBTU = 1,000,000 BTU))

i.  Cooling load in tons (1 ton = 12,000 BTU/hour)

j.  Heating load in MBTU/hour (1MBTU = 1,000,000 BTU)

k.  Electrical Power:  kilowatts (kW)

l.  Electrical Energy:  kilowatt-hours (kWh)

     -- End of Section --
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SECTION 23 11 25

FACILITY GAS PIPING
11/08

PART 1   GENERAL

1.1   SUMMARY

This specification section applies to gas piping installed within 
buildings incidental underground piping under building, above ground steel 
piping and corrugated stainless steel tubing (CSST) both outside (up to  5 
feet  beyond exterior walls) and within buildings in compliance with NFPA 54
/ AGA Z223.1 , "National Fuel Gas Code" , "Fuel Gas Piping".

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN GAS ASSOCIATION (AGA)

AGA ANSI B109.4 (2016) Self-Operated Diaphragm-Type 
Natural Gas Service Regulators for Nominal 
Pipe Size 1¼ inches (32 mm) and Smaller 
with Outlet Pressures of 2 psig (13.8 kPa) 
and Less

AGA XR0603 (2006; 8th Ed) AGA Plastic Pipe Manual for 
Gas Service

AGA Z223.1 (2012) National Fuel Gas Code

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z21.24/CSA 6.10 (2015; Errata 2017) Connectors for Gas 
Appliances

ANSI Z21.41/CSA 6.9 (2014) Quick-Disconnect Devices for Use 
with Gas Fuel Appliances

ANSI Z21.69/CSA 6.16 (2009; Addenda A 2012; R 2014) Connectors 
for Movable Gas Appliances

ANSI Z21.78/CSA 6.20 (2010; R 2015) Standard Specification for 
Combination Gas Controls for Gas Appliances

AMERICAN PETROLEUM INSTITUTE (API)

API 570 (2016; Addendum 1 2017; Addendum 2 2018; 
ERTA 1 2018) Piping Inspection Code: 
In-Service Inspection, Rating, Repair, and 
Alteration of Piping Systems

API RP 2009 (2002; R 2007; 7th Ed) Safe Welding, 
Cutting, and Hot Work Practices in 
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Refineries, Gasoline Plants, and 
Petrochemical Plants

API Std 598 (2009) Valve Inspecting and Testing

API Std 607 (2016) Fire Test for Quarter-turn Valves 
and Valves Equipped with Non-metallic Seats

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 25-16 (2016) Earthquake-Activated Automatic Gas 
Shutoff Devices

ASME INTERNATIONAL (ASME)

ASME A13.1 (2015) Scheme for the Identification of 
Piping Systems

ASME B1.1 (2003; R 2018) Unified Inch Screw Threads 
(UN and UNR Thread Form)

ASME B1.20.1 (2013) Pipe Threads, General Purpose (Inch)

ASME B16.21 (2016) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.33 (2012; R 2017) Manually Operated Metallic 
Gas Valves for Use in Gas Piping Systems 
Up to 125 psi, (Sizes NPS 1/2 - NPS 2)

ASME B18.2.1 (2012; Errata 2013) Square and Hex Bolts 
and Screws (Inch Series)

ASME B18.2.2 (2015) Nuts for General Applications: 
Machine Screw Nuts, Hex, Square, Hex 
Flange, and Coupling Nuts (Inch Series)

ASME B31.8 (2018; Supplement 2018) Gas Transmission 
and Distribution Piping Systems

ASME B31.9 (2017) Building Services Piping

ASME BPVC SEC IX (2017; Errata 2018) BPVC Section 
IX-Welding, Brazing and Fusing 
Qualifications

ASTM INTERNATIONAL (ASTM)

ASTM 01.01 (2019) Steel - Piping, Tubing, Fittings

ASTM A193/A193M (2017) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service and 
Other Special Purpose Applications

ASTM A194/A194M (2018) Standard Specification for Carbon 
Steel, Alloy Steel, and Stainless Steel 
Nuts for Bolts for High-Pressure or 
High-Temperature Service, or Both
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ASTM A513/A513M (20152019) Standard Specification for 
Electric-Resistance-Welded Carbon and 
Alloy Steel Mechanical Tubing

CSA GROUP (CSA)

ANSI LC 1/CSA 6.26 (2018) Fuel Gas Piping Systems Using 
Corrugated Stainless Steel Tubing (CSST)

CGA 9.2-M88 (1988; R 2009) Manually Operated Shut-Off 
Valves for Gas Piping Systems

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-25 (2013) Standard Marking System for Valves, 
Fittings, Flanges and Unions

MSS SP-58 (2009) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 54 (2018) National Fuel Gas Code

NFPA 58 (2017; ERTA 17-1) Liquefied Petroleum Gas 
Code

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 
National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-101 (2014; Rev C) Color Code for Pipelines and 
for Compressed Gas Cylinders

UFC 3-310-04 (2013; with Change 1, 2016) Seismic Design 
of Buildings

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

49 CFR 192 Transportation of Natural and Other Gas by 
Pipeline:  Minimum Federal Safety Standards

UNDERWRITERS LABORATORIES (UL)

UL FLAMMABLE & COMBUSTIBLE (2012) Flammable and Combustible Liquids 
and Gases Equipment Directory
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1.3   SYSTEM DESCRIPTION

The gas piping system includes natural gas  piping and appurtenances from 
point of connection with supply system, as indicated, to gas operated 
equipment within the facility.  Submit operation and maintenance data in 
accordance with Section 01 78 23  OPERATION AND MAINTENANCE DATA, in three 
separate packages.  

1.3.1   Gas Facility System and Equipment Operation

Include shop drawings showing piping layout, locations of system valves, 
gas line markers; step-by-step procedures for system start up, operation 
and shutdown (index system components and equipment to the system 
drawings); isolation procedures including valve operation to shutdown or 
isolate each section of the system (index valves to the system maps and 
provide separate procedures for normal operation and emergency shutdown if 
required to be different).  Submit Data package No. 4.

1.3.2   Gas Facility System Maintenance

Include maintenance procedures and frequency for system and equipment; 
identification of pipe materials and manufacturer by locations, pipe 
repair procedures, and jointing procedures at transitions to other piping 
material or material from a different manufacturer.  Submit Data Package 
No.4.

1.3.3   Gas Facility Equipment Maintenance

Include identification of valves, shut-offs, disconnects, and other 
equipment by materials, manufacturer, vendor identification and location; 
maintenance procedures and recommended tool kits for valves and equipment; 
recommended repair methods (i.e., field repair, factory repair, or 
replacement) for each valve and piece of equipment; and preventive 
maintenance procedures, possible failure modes and troubleshooting guide.  
Submit Data Package No. 3.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Gas Piping System ; G

SD-03 Product Data

Pipe and Fittings ; G

Gas Equipment Connectors ; G

Gas Piping System ; G
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Pipe Coating Materials ; G

Pressure Regulators ; G

Risers ; G

Transition Fittings ; G

Valves ; G

Warning and Identification Tape ; G

SD-06 Test Reports

Testing ; G

Pressure Tests ; G

Test with Gas ; G

SD-07 Certificates

Welders Procedures and Qualifications ; G

Assigned Number, Letter, or Symbol ; G

SD-08 Manufacturer's Instructions

PE Pipe and Fittings ; G

Pipe Coating Materials ; G

SD-10 Operation and Maintenance Data

Gas Facility System and Equipment Operation ; G

Gas Facility System Maintenance ; G

Gas Facility Equipment Maintenance ; G

1.5   QUALITY ASSURANCE

Submit manufacturer's descriptive data and installation instructions for 
approval for compression-type mechanical joints used in joining dissimilar 
materials and for insulating joints.  Mark all valves, flanges and 
fittings in accordance with MSS SP-25 .

1.5.1   Welding Qualifications

a.  Weld piping in accordance with qualified procedures using performance 
qualified welders and welding operators in accordance with API RP 2009 , 
ASME BPVC SEC IX , and ASME B31.9 .  Welding procedures qualified by 
others, and welders and welding operators qualified by another 
employer may be accepted as permitted by ASME B31.9 .  Notify the 
Contracting Officer at least 24 hours in advance of tests, and perform 
at the work site if practicable.
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b.  Submit a certified copy of welders procedures and qualifications  metal 
and PE in conformance with ASME B31.9  for each welder and welding 
operator.  Submit the assigned number, letter, or symbol  that will be 
used in identifying the work of each welder to the Contracting Officer.

1.5.2   Shop Drawings

Submit drawings for complete Gas Piping System , within 30 days of contract 
award, showing location, size and all branches of pipeline; location of 
all required shutoff valves; and instructions necessary for the 
installation of gas equipment connectors  and supports.

1.6   DELIVERY, STORAGE, AND HANDLING

1.6.1   Plastic Pipe

Handle, transport, and store plastic pipe and fittings carefully.  Plug or 
cap pipe and fittings  ends during transportation or storage to minimize 
dirt and moisture entry.  Do not subject piping to abrasion or 
concentrated external loads.  Discard PE pipe sections and fittings that 
have been damaged.

1.6.2   CSST Tubing

Handle, transport and store CSST tubing on the wooden spool or shipping 
container provided by the manufacturer.  Insure tubing ends are capped 
during transportation and storage to minimize dirt and moisture entry. 
Discard any tubing segment and fitting that has been damaged.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Provide materials and equipment which are the standard products of a 
manufacturer regularly engaged in the manufacture of the products and that 
essentially duplicate items that have been in satisfactory use for at 
least 2 years prior to bid opening.  Asbestos or products containing 
asbestos are not allowed.  Submit catalog data and installation 
instructions for pipe, valves, all related system components, pipe coating 
materials  and application procedures.  Conform to NFPA 54  and with 
requirements specified herein.  Provide supply piping to appliances or 
equipment at least as large as the inlets thereof.

2.2   GAS PIPING SYSTEM AND FITTINGS

2.2.1   Steel Pipe, Joints, and Fittings
2.2.2   Steel Tubing, Joints and Fittings

Provide steel tubing conforming to ASTM 01.01 , and ASTM A513/A513M , with 
tubing joints made up with gas tubing fittings recommended by the tubing 
manufacturer.

2.2.3   Corrugated Stainless Steel Tubing, Fittings and Accessories

Provide corrugated stainless steel tubing conforming to ANSI LC 1/CSA 6.26  
(austenitic stainless steel of series 300) with tubing joints made with 
special mechanical fittings as supplied by the tubing manufacturer.
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2.2.3.1   Mechanical Fittings

Copper alloy with one end matched to the corrugated tubing and one end 
with NPT threads in accordance with ASME B1.20.1

2.2.3.2   Striker Plates

Hardened steel designed to protect tubing from mechanical damage in 
accordance with ANSI LC 1/CSA 6.26

2.2.3.3   Manifolds

Malleable iron, steel or copper alloy with threaded connections/ports in 
accordance with ASME B1.20.1

2.2.4   Sealants for Steel Pipe Threaded Joints

Provide joint sealing compound as listed in UL FLAMMABLE & COMBUSTIBLE, 
Class 20 or less.  For taping, use tetrafluoroethylene tape conforming to 
UL FLAMMABLE & COMBUSTIBLE.

2.2.5   Warning and Identification

Provide pipe flow markings, warning and identification tape , and metal 
tags as required.

2.2.6   Flange Gaskets

Provide gaskets of nonasbestos compressed material in accordance with 
ASME B16.21 ,  1/16 inch  thickness, full face or self-centering flat ring 
type, containing aramid fibers bonded with styrene butadiene rubber (SBR) 
or nitrile butadiene rubber (NBR) suitable for a maximum  600 degree F  
service, to be used for hydrocarbon service.

2.2.7   Pipe Threads

Provide pipe threads conforming to ASME B1.20.1 .

2.2.8   Escutcheons

Provide chromium-plated steel or chromium-plated brass escutcheons, either 
one piece or split pattern, held in place by internal spring tension or 
set screw.

2.2.9   Gas Transition Fittings

c. Provide manually operated shut-off valve conforming to CGA 9.2-M88

2.2.10   Insulating Pipe Joints

2.2.10.1   Insulating Joint Material

Provide insulating joint material between flanged or threaded metallic 
pipe systems where shown to control galvanic or electrical action.

2.2.10.2   Threaded Pipe Joints

Provide threaded pipe joints of steel body nut type dielectric unions with 
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insulating gaskets.

2.2.10.3   Flanged Pipe Joints

Provide joints for flanged pipe consisting of full face sandwich-type 
flange insulating gasket of the dielectric type, insulating sleeves for 
flange bolts, and insulating washers for flange nuts.  

2.2.11   Flexible Connectors

a.  Provide flexible connectors for connecting gas utilization equipment 
to building gas piping conforming to ANSI Z21.24/CSA 6.10  or 
ANSI Z21.41/CSA 6.9  for quick disconnect devices, and flexible 
connectors for movable food service equipment conforming to 
ANSI Z21.69/CSA 6.16 .  Provide combination gas controls for gas 
appliances conforming to ANSI Z21.78/CSA 6.20 .

b.  Do not install the flexible connector through the appliance cabinet 
face.  Provide rigid metallic pipe and fittings to extend the final 
connection beyond the cabinet, except when appliance is provided with 
an external connection point.

2.3   VALVES

Provide shutoff or service isolation valves as indicated in the drawings 
conforming to the following:

2.3.1   Valves  2 Inches  and Smaller

Provide valves  2 inches  and smaller conforming to ASME B16.33  of materials 
and manufacture compatible with system materials used.

2.4   RISERS

Provide manufacturer's standard riser, transition from plastic to steel 
pipe with  7 to 12 mil  thick epoxy coating.  Use swaged gas-tight 
construction with O-ring seals, metal insert, and protective sleeve.  
Provide remote bolt-on or bracket or wall-mounted riser supports .

2.5   PIPE HANGERS AND SUPPORTS

Provide pipe hangers and supports conforming to MSS SP-58 .

2.6   NATURAL GAS SERVICE

2.6.1   Service Regulators

a.  Provide ferrous bodied pressure regulators for individual service 
lines, capable of reducing distribution line pressure to pressures 
required for users.  Provide service regulators conforming to 
AGA ANSI B109.4  CGA-6.18-M95 with full capacity internal relief .  Set 
pressure relief at a lower pressure than would cause unsafe operation 
of any connected user.

b.  Adjust regulators for liquified petroleum gas to 2.5 to 3 kPa 10 to 12 
inches of water column, with pressure relief set at 4 kPa 16 inches of 
water column.

c.  Provide regulator(s) having a single port with orifice diameter no 
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greater than that recommended by the manufacturer for the maximum gas 
flow rate at the regulator inlet pressure.  Provide regulator valve 
vent of resilient materials designed to withstand flow conditions when 
pressed against the valve port, capable of regulating downstream 
pressure within limits of accuracy and limiting the buildup of 
pressure under no-flow conditions to 50 percent or less of the 
discharge pressure maintained under flow conditions.  Provide a 
self-contained service regulator, and pipe not exceeding exceed  2 inch
 size.

2.6.2   Gas Meter

Existing Gas Meter to remain, no changes to meter required.

2.7   BOLTING (BOLTS AND NUTS)

Stainless steel bolting; ASTM A193/A193M , Grade B8M or B8MA, Type 316, for 
bolts; and ASTM A194/A194M , Grade 8M, Type 316, for nuts.  Dimensions of 
bolts, studs, and nuts must conform with ASME B18.2.1  and ASME B18.2.2  
with coarse threads conforming to ASME B1.1 , with Class 2A fit for bolts 
and studs and Class 2B fit for nuts.  Bolts or bolt-studs must extend 
through the nuts and may have reduced shanks of a diameter not less than 
the diameter at root of threads.  Bolts must have American Standard 
regular square or heavy hexagon heads; nuts must be American Standard 
heavy semifinished hexagonal.

2.8   GASKETS

Fluorinated elastomer, compatible with flange faces.

2.9   IDENTIFICATION FOR ABOVEGROUND PIPING

MIL-STD-101  for legends and type and size of characters.  For pipes  3/4 
inch  od and larger, provide printed legends to identify contents of pipes 
and arrows to show direction of flow.  Color code label backgrounds to 
signify levels of hazard.  Make labels of plastic sheet with 
pressure-sensitive adhesive suitable for the intended application.  For 
pipes smaller than  3/4 inch  od, provide brass identification tags  1 1/2 
inches  in diameter with legends in depressed black-filled characters.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy or areas of conflict before performing the work.

3.2   EXCAVATION AND BACKFILLING

Provide required excavation, backfilling, and compaction as specified in 
Section 31 00 00  EARTHWORK.

3.3   GAS PIPING SYSTEM

Provide a gas piping system from the point of delivery, defined as the 
outlet of the shutoff valve,  to the connections to each gas utilization 
device that is in compliance with NFPA 54 ..
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3.3.1   Protection and Cleaning of Materials and Components

Protect equipment, pipe, and tube openings by closing with caps or plugs 
during installation.  At the completion of all work, thoroughly clean the 
entire system.

3.3.2   Workmanship and Defects

Piping, tubing and fittings must be clear and free of cutting burrs and 
defects in structure or threading and must be thoroughly brushed and 
chip-and scale-blown.  Repair of defects in piping, tubing or fittings is 
not allowed; replace defective items when found.

3.4   PROTECTIVE COVERING

3.4.1   Aboveground Metallic Piping Systems

3.4.1.1   Ferrous Surfaces

Touch up shop primed surfaces with ferrous metal primer.  Solvent clean 
surfaces that have not been shop primed .  Mechanically clean surfaces 
that contain loose rust, loose mill scale and other foreign substances  
and prime with ferrous metal primer .  Finish primed surfaces with two 
coats of exterior oil paint or vinyl paint to match existing exterior 
painted gas piping .

3.5   INSTALLATION

Install the gas system in conformance with the manufacturer's 
recommendations and applicable provisions of NFPA 54  and AGA XR0603, and 
as indicated.  Perform all pipe cutting without damage to the pipe, with 
an approved type of mechanical cutter, unless otherwise authorized.  Use 
wheel cutters where practicable.  On steel pipe  6 inches  and larger, an 
approved gas cutting and beveling machine may be used.  Cut thermoplastic 
and fiberglass pipe in accordance with AGA XR0603.

3.5.1   Metallic Piping Installation

Bury underground piping a minimum of  18 inches  below grade.  Make changes 
in direction of piping with fittings only; mitering or notching pipe to 
form elbows and tees or other similar type construction is not permitted.  
Branch connection may be made with either tees or forged branch outlet 
fittings.  Provide branch outlet fittings which are forged, flared for 
improvement of flow where attached to the run, and reinforced against 
external strains.  Do not use aluminum alloy pipe in exterior locations or 
underground.

3.5.2   Piping and Tubing Buried Under Buildings

Gas piping should not be run under the building.

3.5.3   Concealed Piping in Buildings

Do not use combinations of fittings ( unions, tubing fittings, running 
threads, right- and left-hand couplings, bushings, and swing joints) to 
conceal piping within buildings.
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3.5.3.1   Piping and Tubing in Partitions

Locate concealed piping and tubing in hollow, rather than solid, 
partitions.  Protect tubing passing through walls or partitions against 
physical damage both during and after construction, and provide 
appropriate safety markings and labels.  Provide protection of concealed 
pipe and tubing in accordance with ANSI LC 1/CSA 6.26 .

3.5.4   Aboveground Piping

Run aboveground piping as straight as practicable along the alignment and 
elevation indicated, with a minimum of joints, and separately supported 
from other piping system and equipment.  Install exposed horizontal piping 
no farther than  6 inches  from nearest parallel wall and at an elevation 
which prevents standing, sitting, or placement of objects on the piping.

3.5.5   Final Gas Connections

Unless otherwise specified, make final connections with rigid metallic 
pipe and fittings.  Flexible connectors may be used for final connections 
to gas utilization equipment.  Provide accessible gas shutoff valve and 
coupling for each gas equipment item.

3.5.6   Seismic Requirements

Support and brace piping and attached valves to resist seismic loads in 
conformance with ASCE 25-16 as specified in UFC 3-310-04 , 23 05 48.00 40 
Vibration and Seismic Controls for HVAC Piping and Equipment .  CSST tubing 
and fittings that are seismically qualified in accordance with the 
FM APP GUIDE: Flexible Piping Systems for Flammable Gases must meet the 
seismic requirements in accordance with the manufacturer's installation 
instructions.

3.6   PIPE JOINTS

Design and install pipe joints to effectively sustain the longitudinal 
pull-out forces caused by contraction of the piping or superimposed loads.

3.6.1   Threaded Metallic Joints

Provide threaded joints in metallic pipe with tapered threads evenly cut 
and made with UL approved graphite joint sealing compound for gas service 
or tetrafluoroethylene tape applied to the male threads only.  Threaded 
joints up to  1-1/2 inches  in diameter may be made with approved 
tetrafluoroethylene tape.  Threaded joints up to  2 inches  in diameter may 
be made with approved joint sealing compound.  After cutting and before 
threading, ream pipe and remove all burrs.  Caulking of threaded joints to 
stop or prevent leaks is not permitted.

3.6.2   Welded Metallic Joints

Conform beveling, alignment, heat treatment, and inspection of welds to 
NFPA 54 .  Remove weld defects and make repairs to the weld, or remove the 
weld joints entirely and reweld.  After filler metal has been removed from 
its original package, protect and store so that its characteristics or 
welding properties are not affected adversely.  Do not use electrodes that 
have been wetted or have lost any of their coating.
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3.6.3   Thermoplastic and Fiberglass Joints

3.6.3.1   Thermoplastic and Fiberglass

Conform jointing procedures to AGA XR0603.  Do not make joints with 
solvent cement or heat of fusion between different kinds of plastics.

3.6.3.2   PE Fusion Welding Inspection

Visually inspect butt joints by comparing with, manufacturer's visual 
joint appearance chart.  Inspect fusion joints for proper fused 
connection. Replace defective joints by cutting out defective joints or 
replacing fittings.  Inspect, in conformance with API 570 , 100 percent of 
all joints and re-inspect all corrections.  Arrange with the pipe 
manufacturer's representative in the presence of the Contracting Officer 
to make first time inspection.

3.6.4   Flared Metallic Tubing Joints

Make flared joints in metallic tubing with special tools recommended by 
the tubing manufacturer.  Use flared joints only in systems constructed 
from nonferrous pipe and tubing, when experience or tests have 
demonstrated that the joint is suitable for the conditions, and when 
adequate provisions are made in the design to prevent separation of the 
joints.  Do not use metallic ball sleeve compression-type tubing fittings 
for tubing joints.

3.6.5   Solder or Brazed Joints

Make all joints in metallic tubing and fittings with materials and 
procedures recommended by the tubing supplier.  Braze joints with material 
having a melting point above  1000 degrees F , containing no phosphorous.

3.6.6   Joining Thermoplastic or Fiberglass to Metallic Piping or Tubing

When compression type mechanical joints are used, provide gasket material 
in the fittings compatible with the plastic piping and with the gas in the 
system.  Use an internal tubular rigid stiffener in conjunction with the 
fitting, flush with end of the pipe or tubing, extending at least to the 
outside end of the compression fitting when installed.  Remove all rough 
or sharp edges from stiffener.  Do not force fit stiffener in the 
plastic.  Split tubular stiffeners are not allowed.

3.6.7   Press Connections

Make press connections in accordance with manufacturer's installation 
instructions using tools approved by the manufacturer.  Fully insert the 
tubing into the fitting and then mark at the shoulder of the fitting.  
Check the fitting alignment against the mark on the tubing to assure the 
tubing is fully inserted before the joint is pressed.

3.7   PIPE SLEEVES

Provide pipes passing through concrete or masonry walls or concrete floors 
or roofs with pipe sleeves fitted into place at the time of construction.  
Do not install sleeves in structural members except where indicated or 
approved.  Make all rectangular and square openings as detailed.  Extend 
each sleeve through its respective wall, floor or roof, and cut flush with 
each surface, except in mechanical room floors not located on grade where 
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clamping flanges or riser pipe clamps are used.  Extend sleeves in 
mechanical room floors above grade at least  4 inches  above finish floor.  
Unless otherwise indicated, use sleeves large enough to provide a minimum 
clearance of  1/4 inch  all around the pipe.  Provide steel pipe for sleeves 
in bearing walls, waterproofing membrane floors, and wet areas .  Provide 
sleeves in nonbearing walls, floors, or ceilings of steel pipe, galvanized 
sheet metal with lock-type longitudinal seam, or moisture-resistant fiber 
or plastic.  For penetrations of fire walls, fire partitions and floors 
which are not on grade, seal the annular space between the pipe and sleeve 
with fire-stopping material and sealant that meet the requirement of 
Section 07 84 00  FIRESTOPPINGG.

3.8   PIPES PENETRATING WATERPROOFING MEMBRANES

Install pipes penetrating waterproofing membranes as specified in Section 
22 00 00  PLUMBING, GENERAL PURPOSE.

3.9   FIRE SEAL

Fire seal all penetrations of fire rated partitions, walls and floors in 
accordance with Section 07 84 00  FIRESTOPPING.

3.10   ESCUTCHEONS

Provide escutcheons for all finished surfaces where gas piping passes 
through floors, walls, or ceilings except in boiler, utility, or equipment 
rooms.

3.11   SPECIAL REQUIREMENTS

Provide drips, grading of the lines, freeze protection, and branch outlet 
locations as shown and conforming to the requirements of NFPA 54 .

3.12   BUILDING STRUCTURE

Do not weaken any building structure by the installation of any gas 
piping.  Do not cut or notch beams, joists or columns.  Attach piping 
supports to metal decking.  Do not attach supports to the underside of 
concrete filled floors or concrete roof decks unless approved by the 
Contracting Officer.

3.13   PIPING SYSTEM SUPPORTS

Support gas piping systems in buildings with pipe hooks, metal pipe 
straps, bands or hangers suitable for the size of piping or tubing.  Do 
not support any gas piping system by other piping.  Conform spacing of 
supports in gas piping and tubing installations to the requirements of 
NFPA 54 .  Conform the selection and application of supports in gas piping 
and tubing installations to the requirements of MSS SP-58 .  In the support 
of multiple pipe runs on a common base member, use a clip or clamp where 
each pipe crosses the base support member.  Spacing of the base support 
members is not to exceed the hanger and support spacing required for any 
of the individual pipes in the multiple pipe run.  Rigidly connect the 
clips or clamps to the common base member.  Provide a clearance of  1/8 inch
 between the pipe and clip or clamp for all piping which may be subjected 
to thermal expansion.
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3.14   ELECTRICAL BONDING AND GROUNDING

Provide a gas piping system within the building that is electrically 
continuous and bonded to a grounding electrode as required by NFPA 54 , 
NFPA 58 , and NFPA 70 .

3.15   SHUTOFF VALVE

Install the main gas shutoff valve controlling the gas piping system to be 
easily accessible for operation, as indicated, protected from physical 
damage, and marked with a metal tag to clearly identify the piping system 
controlled.  Install valves approximately at locations indicated.  Orient 
stems vertically, with operators on top, or horizontally.  Provide stop 
valve on service branch at connection to main and shut-off valve on riser 
outside of building.

3.16   LINE AND APPLIANCE PRESSURE REGULATORS

Install line pressure regulators and appliance regulators in accordance 
with the manufacturer's requirements and in accordance with NFPA 54 .  
Install each regulator in an accessible location and install shutoff 
valves ahead of each line and appliance regulator to allow for 
maintenance.  Where vent limiting devices are not included in the 
regulators, install a vent pipe to the exterior of the building.  
Terminate all service regulator vents and relief vents in the outside air 
in rain and insect resistant fittings.  Locate the open end of the vent 
where gas can escape freely into the atmosphere, away from any openings 
into the building and above areas subject to flooding.

3.17   GAS SERVICE INSTALLATION

  Installations must be in accordance with 49 CFR 192  and ASME B31.8 .  
Contractor must submit and use only tested and approved work procedures.  
Contractor must use only welders and jointers who have been recently 
qualified by training and test for joining and installing the gas pipe 
material used on this job.  The finished product must be inspected by a 
person qualified to inspect joints made by the particular procedures used 
to make joints.

3.18   TESTING

Submit test procedures and reports in booklet form tabulating test and 
measurements performed; dated after award of this contract, and stating 
the Contractor's name and address, the project name and location, and a 
list of the specific requirements which are being certified.  Test entire 
gas piping system to ensure that it is gastight prior to putting into 
service.  Prior to testing, purge the system, clean, and clear all foreign 
material.  Test each joint with an approved gas detector, soap and water, 
or an equivalent nonflammable solution.  Inspect and test each valve in 
conformance with API Std 598  and API Std 607 .  Complete testing before any 
work is covered, enclosed, or concealed, and perform with due regard for 
the safety of employees and the public during the test.  Install 
bulkheads, anchorage and bracing suitably designed to resist test 
pressures if necessary, and as directed and or approved by the Contracting 
Officer.  Do not use oxygen as a testing medium.
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3.18.1   Pressure Tests

Submit test procedures and reports in booklet form tabulating test and 
measurements performed; dated after award of this contract, and stating 
the Contractor's name and address, the project name and location, and a 
list of the specific requirements which are being certified.  Before 
appliances are connected, test by filling the piping systems with air or 
an inert gas to withstand a minimum pressure of  3 pounds  gauge for a 
period of not less than 10 minutes as specified in NFPA 54  without showing 
any drop in pressure.  Do not use Oxygen for test.  Measure pressure with 
a mercury manometer, slope gauge, or an equivalent device calibrated to be 
read in increments of not greater than  0.1 pound .  Isolate the source of 
pressure before the pressure tests are made.

3.18.2   Test With Gas

Before turning on gas under pressure into any piping, close all openings 
from which gas can escape.  Immediately after turning on the gas, check 
the piping system for leakage by using a laboratory-certified gas meter, 
an appliance orifice, a manometer, or equivalent device.  Conform all 
testing to the requirements of NFPA 54 .  If leakage is recorded, shut off 
the gas supply, repair the leak , and repeat the tests until all leaks 
have been stopped.

3.18.3   Purging

After testing is completed, and before connecting any appliances, fully 
purge all gas piping.  Do not purge piping into the combustion chamber of 
an appliance.  Do not purge the open end of piping systems into confined 
spaces or areas where there are ignition sources unless the safety 
precautions recommended in NFPA 54  are followed.

3.18.4   Labor, Materials and Equipment

Furnish all labor, materials and equipment necessary for conducting the 
testing and purging.

3.19   PIPE COLOR CODE MARKING

Provide color code marking of piping as specified in Section 09 90 00  
PAINTS AND COATINGS, conforming to ASME A13.1 .

        -- End of Section --
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SECTION 23 81 00

DECENTRALIZED UNITARY HVAC EQUIPMENT
05/18

PART 1   GENERAL

1.1   RELATED REQUIREMENTS

Section 23 03 00.00 20  BASIC MECHANICAL MATERIALS AND METHODS, applies to 
this section with the additions and modifications specified herein.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 700 (2016) Specifications for Fluorocarbon 
Refrigerants

ANSI/AHRI 210/240 (2008; Add 1 2011; Add 2 2012) Performance 
Rating of Unitary Air-Conditioning & 
Air-Source Heat Pump Equipment

ANSI/AHRI 270 (2008) Sound Rating of Outdoor Unitary 
Equipment

ANSI/AHRI 460 (2005) Performance Rating of Remote 
Mechanical-Draft Air-Cooled Refrigerant 
Condensers

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ANSI/ASHRAE 15 & 34 (2016) ANSI/ASHRAE Standard 15-Safety 
Standard for Refrigeration Systems and 
ANSI/ASHRAE Standard 34-Designation and 
Safety Classification of Refrigerants

ASHRAE 15 & 34 (2013) ASHRAE Standard 34-2016 Safety 
Standard for Refrigeration Systems/ASHRAE 
Standard 34-2016 Designation and Safety 
Classification of Refrigerants-ASHRAE 
Standard 34-2016

ASHRAE 52.2 (2012) Method of Testing General 
Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size

ASHRAE 55 (2010) Thermal Environmental Conditions 
for Human Occupancy
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ASHRAE 62.1 (2010) Ventilation for Acceptable Indoor 
Air Quality

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

AMERICAN WELDING SOCIETY (AWS)

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

ASME INTERNATIONAL (ASME)

ASME BPVC SEC IX (2017; Errata 2018) BPVC Section 
IX-Welding, Brazing and Fusing 
Qualifications

ASME BPVC SEC VIII D1 (2017) BPVC Section VIII-Rules for 
Construction of Pressure Vessels Division 1

ASTM INTERNATIONAL (ASTM)

ASTM C1071 (20162019) Standard Specification for 
Fibrous Glass Duct Lining Insulation 
(Thermal and Sound Absorbing Material)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 54 (2018) National Fuel Gas Code

UNDERWRITERS LABORATORIES (UL)

UL 1995 (2015) UL Standard for Safety Heating and 
Cooling Equipment

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Spare Parts

Posted Instructions

Coil Corrosion Protection

System Performance Tests

Training ; G

Inventory

Environmental Data
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Supplied Products

Manufacturer's Standard Catalog Data

Computer Room Humidifier

Humidifier

SD-06 Test Reports

Refrigerant Tests, Charging, and Start-Up ; G

System Performance Tests ; G

SD-07 Certificates

Service Organizations

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals ; G

SD-11 Closeout Submittals

Ozone Depleting Substances ; S

1.4   QUALITY ASSURANCE

Carefully investigate the plumbing, fire protection, electrical, 
structural and finish conditions that would affect the work to be 
performed and arrange such work accordingly, furnishing required offsets, 
fittings, and accessories to meet such conditions.  Submit drawings 
consisting of:

a.  Equipment layouts which identify assembly and installation details.

b.  Plans and elevations which identify clearances required for 
maintenance and operation.

c.  Wiring diagrams which identify each component individually and 
interconnected or interlocked relationships between components.

d.  Foundation drawings, bolt-setting information, and foundation bolts 
prior to concrete foundation construction for equipment indicated or 
required to have concrete foundations.

e.  Details, if piping and equipment are to be supported other than as 
indicated, which include loadings and type of frames, brackets, 
stanchions, or other supports.

f.  Automatic temperature control diagrams and control sequences.

g.  Installation details which includes the amount of factory set 
superheat and corresponding refrigerant pressure/temperature.

h.  Equipment schedules
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1.5   DELIVERY, STORAGE, AND HANDLING

Protect stored items from the weather, humidity and temperature 
variations, dirt and dust, or other contaminants.  Properly protect and 
care for all material both before and during installation. Submit an 
inventory  of all the stored items.  Replace any materials found to be 
damaged, at no additional cost to the Government.  During installation, 
cap piping and similar openings capped to keep out dirt and other foreign 
matter.

1.6   ENVIRONMENTAL REQUIREMENTS

For proper Indoor Environmental Quality, maintain pressure within the 
building as indicated.  Ventilation must meet or exceed ASHRAE 62.1  and 
all published addenda.  Meet or exceed filter media efficiency as tested 
in accordance with ASHRAE 52.2 .  Thermal comfort must meet or exceed 
ASHRAE 55 .

1.7   WARRANTY

Provide equipment with the Manufacturer's Standard Warranty. 

PART 2   PRODUCTS

2.1   ENERGY EFFICIENCY REQUIREMENTS

42 USC 8259b requires the procurement of energy efficient products in 
product categories covered by the Energy Star program or the Federal 
Energy Management Program for designated products.  A list of covered 
product categories is available from the Federal Energy Management Web 
site at http://energy.gov/eere/femp/covered-product-categories.   A list of 
qualified light commercial products is available at 
http://www.energystar.gov/productfinder/product/certified-light-commercial-hvac/results

Submit Material, Equipment, and Fixtures List of all supplied products  
within a covered product category, including manufacturer's catalog 
numbers, specification and drawing reference number, warranty information, 
fabrication site, and energy performance data.   For product categories 
covered by the Energy Star program, submit documentation that the product 
is Energy Star-qualified.  For product categories covered by the Federal 
Energy Management Program, submit documentation that the product meets or 
exceeds FEMP-designated efficiency requirements.

2.1.1   Air-Source Heat Pumps

Selected air-source heat pumps are required to meet applicable performance 
requirements specified by Energy Star.  Information on the requirements 
can be found for residential models (single-phase units of 65,000 BTU/h or 
less)at 
http://www.energystar.gov/products/specs/system/files/Central_ASHP_and_CAC_Program_Requirements 
v4_1.pdf and for light commercial models (three-phase units of less than 
240,000 BTU/h) at 
http://www.energystar.gov/products/specs/system/files/lchvac_prog_req_v2_2_0.pdf .

2.2   MATERIALS

Provide Manufacturer's standard catalog data , at least 5 weeks prior to 
the purchase or installation of a particular component, highlighted to 
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show material, size, options, performance charts and curves, etc. in 
adequate detail to demonstrate compliance with contract requirements.  
Data includes manufacturer's recommended installation instructions and 
procedures.  If vibration isolation is specified for a unit, include 
vibration isolator literature containing catalog cuts and certification 
that the isolation characteristics of the isolators provided meet the 
manufacturer's recommendations.  Submit data for each specified 
component.  Minimum efficiency requirements must be in accordance with  
ASHRAE 90.1 - IP .

2.2.1   Standard Products

Provide materials and equipment that are standard products of a 
manufacturer regularly engaged in the manufacturing of such products, 
which are of a similar material, design and workmanship.  The standard 
products must have been in satisfactory commercial or industrial use for 2 
years prior to request for proposal.  The 2 year use includes applications 
of equipment and materials under similar circumstances and of similar 
size.  The 2 years' experience must be satisfactorily completed by a 
product which has been sold or is offered for sale on the commercial 
market through advertisements, manufacturer's catalogs, or brochures.  
Products having less than a 2 year field service record will be acceptable 
if a certified record of satisfactory field operation, for not less than 
6000 hours exclusive of the manufacturer's factory tests, can be shown.  
Products must be supported by a service organization.  Ensure system 
components are environmentally suitable for the indicated geographic 
locations.

2.2.2   Nameplates

Major equipment including compressors, condensers, receivers, heat 
exchanges, fans, and motors must have the manufacturer's name, address, 
type or style, model or serial number, and catalog number on a plate 
secured to the item of equipment.  Plates must be durable and legible 
throughout equipment life and made of anodized aluminum .  Fix plates in 
prominent locations with nonferrous screws or bolts.

2.2.3   Safety Devices

Exposed moving parts, parts that produce high operating temperature, parts 
which may be electrically energized, and parts that may be a hazard to 
operating personnel must be insulated, fully enclosed, guarded, or fitted 
with other types of safety devices.  Safety devices must be installed so 
that proper operation of equipment is not impaired.  Welding and cutting 
safety requirements must be in accordance with AWS Z49.1 .

2.3   EQUIPMENT

2.3.1   Mini-Split-System Air Conditioners 

2.3.1.1   Small-Capacity Split-System Air-Conditioners (Not Exceeding  65,000 
Btu/hr )

Provide an air-cooled, split system which employs a remote condensing 
unit, a separate wall mounted indoor unit, and interconnecting refrigerant 
piping.  Provide the heat pump type unit conforming to applicable 
Underwriters Laboratories (UL) standards including UL 1995 .  Unit must be 
rated in accordance with ANSI/AHRI 210/240 .  Provide indoor unit with 
necessary fans, air filters, and galvanized steel cabinet construction.  
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The remote unit must be as specified in paragraph CONDENSING UNIT.  
Provide double-width, double inlet, forward curved backward inclined, or 
airfoil blade, centrifugal scroll type evaporator or supply fans.  Provide 
the manufacturer's standard condenser or outdoor fans for the unit 
specified and may be either propeller or centrifugal scroll type.    
Design unit to operate at outdoor ambient temperatures up to  115 degrees F .

2.3.1.1.1   Energy Efficiency

Provide unit with an Energy Star label.  Air Conditioners must have a 
minimum seasonal energy efficiency ratio (SEER) of 14.00 , a minimum 
Heating Seasonal Performance Factor (HSPF) of 8.2 , 

2.3.1.1.2   Air-to-Refrigerant Coil

Provide condensing coils with copper or aluminum tubes of  3/8 inch  minimum 
diameter with copper or aluminum fins that are mechanically bonded or 
soldered to the tubes.  Casing must be galvanized steel or aluminum.  
Avoid contact of dissimilar metals.  Test coils in accordance with 
ASHRAE 15 & 34  at the factory and ensure suitability for the working 
pressure of the installed system.  Dehydrate and seal each coil testing 
and prior to evaluation and charging.

2.3.1.1.3   Compressor

Provide direct drive digital scroll type compressor.Provide compressor 
with internal over temperature and pressure protector; sump heater; oil 
pump; high pressure and low pressure controls; and liquid line dryer.

2.3.1.1.4   Refrigeration Circuit

Refrigerant-containing components must comply with ASHRAE 15 & 34  and be 
factory tested, cleaned, dehydrated, charged, and sealed.  Provide each 
unit with a factory operating charge of refrigerant and oil or a holding 
charge.  Field charge unit shipped with a holding charge.  Provide 
refrigerant charging valves.  Provide filter-drier in liquid line.to 
prevent freeze-up in event of loss of water flow during heating cycle.

2.3.1.1.5   Unit Controls

Provide unit internally prewired with a factory wired  volt control circuit 
powered by an internal transformer.  Provide terminal blocks for power 
wiring and external control wiring.  Internally protect unit by fuses or a 
circuit breaker in accordance with UL 1995 .  Equip units with three-phase 
power with phase monitoring protection to protect against problems caused 
by phase loss, phase imbalance and phase reversal.  Control unit by a 
programmable electronic thermostat with heating setback and cooling setup 
with 7-day programming capability.

Controls must include a control system interface to a BACnet Control 
system. The control system interface, as well as any network between 
physically separate units, must meet the requirements of Section 
23 09 23.02  BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING 
CONTROL SYSTEMS.

2.3.1.1.6   Condensing Coil

Provide coils with copper or aluminum tubes of  3/8 inch  minimum diameter 
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with copper or aluminum fins that are mechanically bonded or soldered to 
the tubes.    Provide galvanized steel or aluminum casing.  Avoid contact 
of dissimilar metals.  Test coils in accordance with ANSI/ASHRAE 15 & 34  
at the factory and ensure suitability for the working pressure of the 
installed system.  Dehydrate and seal eacj coil after testing and prior to 
evaluation and charging.  Provide separate expansion devices for each 
compressor circuit.

2.3.1.1.7   Remote Condenser or Condensing Unit

Fit each remote condenser coil fitted with a manual isolation valve and an 
access valve on the coil side.  Saturated refrigerant condensing 
temperature must not exceed  120 degrees F  at  104 degrees F  ambient.  
Provide unit with low ambient condenser controls to ensure proper 
operation in an ambient temperature of  20degrees F .  Provide fan and 
cabinet construction as specified in paragraph UNITARY EQUIPMENT 
ACCESSORIES.    

2.3.1.1.7.1   Sound Rating

Provide units of capacities less than  135,000 Btu/h  with a maximum AHRI 
sound rating of 85 dB when rated in accordance with ANSI/AHRI 270 .

2.3.1.1.7.2   Air-Cooled Condenser

Provide Unit in accordance with ANSI/AHRI 460  and conform to the 
requirements of UL 1995 .  Provide factory fabricated, tested, packaged, 
and self-contained unit; complete with casing, propeller or centrifugal 
type fans, heat rejection coils, connecting piping and wiring, and all 
necessary accessories.

2.3.1.1.8   Air Filters

Provide filters of the sectional or panel type that are capable of 
filtering the entire air supply.  Mount filter(s) integral within the unit 
and make accessible . 

2.3.1.1.9   Fans

Provide direct driven, statically and dynamically balanced, centrifugalor
propeller type fans.  Design the outdoor fan so that condensate will 
evaporate without drip, splash, or spray on building exterior.  Provide 
indoor fan with a minimum two-speed motor with built-in overload 
protection.  Fan motors must be the inherently protected, permanent 
split-capacitor type.

2.4   COMPONENTS

2.4.1   Refrigerant and Oil

Refrigerant must be one of the fluorocarbon gases.  Refrigerants must have 
number designations and safety classifications in accordance with 
ASHRAE 15 & 34 .  Refrigerants must meet the requirements of AHRI 700  as a 
minimum.  Provide a complete charge of refrigerant for the installed 
system as recommended by the manufacturer.  Lubricating oil must be of a 
type and grade recommended by the manufacturer for each compressor.  Where 
color leak indicator dye is incorporated, charge must be in accordance 
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with manufacturer's recommendation.

2.4.2   Primary/Supplemental Heating

2.4.2.1   Gas-Fired Heating Section

Gas-fired heat exchanger must be constructed of aluminized steel, ceramic 
coated cold-rolled steel or stainless steel suitable for natural gas fuel 
supply.  Burner must have direct spark or hot surface ignition.  Valve 
must include a pressure regulator.  Combustion air must be supplied with a 
centrifugal combustion air blower.  Safety controls must include a flame 
sensor and air pressure switch.  Heater section must be mounted to 
eliminate noise from expansion and contraction and must be completely 
accessible for service.  Gas equipment must bear the AGA label for the 
type of service involved.  Burner must be in accordance with NFPA 54 .

2.4.3   Cabinet Construction

Casings for the specified unitary equipment must be constructed of 
galvanized steel or aluminum sheet metal and galvanized or aluminum 
structural members.  Minimum thickness of single wall exterior surfaces 
must be  18 gauge  galvanized steel or  0.071 inch  thick aluminum on units 
with a capacity above  20 tons  and  20 gauge  galvanized steel or  0.064 inch  
thick aluminum on units with a capacity less than  20 tons .  Casing must be 
fitted with lifting provisions, access panels or doors, fan vibration 
isolators, electrical control panel, corrosion-resistant components, 
structural support members, insulated condensate drip pan and drain, and 
internal insulation in the cold section of the casing.  Where double-wall 
insulated construction is proposed, minimum exterior galvanized sheet 
metal thickness must be  20 gauge .  Provisions to permit replacement of 
major unit components must be incorporated.  Penetrations of cabinet 
surfaces, including the floor, must be sealed.  Unit must be fitted with a 
drain pan which extends under all areas where water may accumulate.  Drain 
pan must be fabricated from Type 300 stainless steel, galvanized steel 
with protective coating as required, or an approved plastic material.  Pan 
insulation must be water impervious.  Extent and effectiveness of the 
insulation of unit air containment surfaces must prevent, within limits of 
the specified insulation, heat transfer between the unit exterior and 
ambient air, heat transfer between the two conditioned air streams, and 
condensation on surfaces.  Insulation must conform to ASTM C1071.  Paint 
and finishes must comply with the requirements specified in paragraph 
FACTORY COATING.

2.4.3.1   Indoor Cabinet

Indoor cabinets must be suitable for the specified indoor service and 
enclose all unit components.

2.4.3.2   Outdoor Cabinet

Outdoor cabinets must be suitable for outdoor service with a weathertight, 
insulated and corrosion-protected structure.  Cabinets constructed 
exclusively for indoor service which have been modified for outdoor 
service are not acceptable.

2.4.4   Condenser Water Piping And Accessories

Provide condenser water piping and accessories in accordance with Section 
23 64 26  CHILLED, CHILLED-HOT, AND CONDENSER WATER PIPING SYSTEMS.
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2.4.5   Refrigerant Piping

Provide refrigerant piping in accordance with Section 23 23 00  REFRIGERANT 
PIPING.

2.4.6   Condensate Drain Piping

provide condensate drain piping in accordance with Section 23 05 15  COMMON 
PIPING FOR HVAC.

2.4.7   Ductwork

Provide ductwork in accordance with Section 23 00 00  AIR SUPPLY, 
DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM.

2.4.8   Temperature Controls

Temperature controls shall be fully coordinated with and integrated into 
the existing air-conditioning system.

2.5   UNITARY EQUIPMENT ACCESSORIES AND MISCELLANEOUS EQUIPMENT

2.5.1   Air Economizer

Provide factory installed economizer with fully modulating 0-100 percent 
motor and dampers, barometric relief, minimum position setting and fixed 
dry bulb.  

2.6   TESTS, INSPECTIONS, AND VERIFICATIONS

All manufactured units must be inspected and tested, and documentation 
provided to demonstrate that each unit is in compliance with ANSI/AHRI and 
UL requirements and that the minimum efficiency requirements of  
ASHRAE 90.1 - IP  have been met.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, perform Verification 
of Dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

3.2   INSTALLATION

Perform work in accordance with the manufacturer's published diagrams, 
recommendations, and equipment warranty requirements.  Where equipment is 
specified to conform to the requirements of ASME BPVC SEC VIII D1 and 
ASME BPVC SEC IX , the design, fabrication, and installation of the system 
must conform to ASME BPVC SEC VIII D1  and ASME BPVC SEC IX .

3.2.1   Equipment

Provide refrigeration equipment conforming to ASHRAE 15 & 34 .  Provide 
necessary supports for all equipment, appurtenances, and pipe as required, 
including frames or supports for compressors, pumps, cooling towers, 
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condensers, and similar items.  Isolate compressors from the building 
structure.  If mechanical vibration isolators are not provided, provide 
vibration absorbing foundations.  Each foundation must include isolation 
units consisting of machine and floor or foundation fastenings, together 
with intermediate isolation material.  Other floor-mounted equipment must 
be set on not less than a  6 inch  concrete pad doweled in place.  Concrete 
foundations for floor mounted pumps must have a mass equivalent to three 
times the weight of the components, pump, base plate, and motor to be 
supported.  In lieu of concrete pad foundation, concrete pedestal block 
with isolators placed between the pedestal block and the floor may be 
provided.  Concrete pedestal block must be of mass not less than three 
times the combined pump, motor, and base weights.  Isolators must be 
selected and sized based on load-bearing requirements and the lowest 
frequency of vibration to be isolated.  Isolators must limit vibration to 
10 percent at lowest equipment rpm.  Provide lines connected to pumps 
mounted on pedestal blocks with flexible connectors.  Provide foundation 
drawings, bolt-setting information, and foundation bolts prior to concrete 
foundation construction for all equipment indicated or required to have 
concrete foundations.  Concrete for foundations must be as specified in 
Section 03 30 00  CAST-IN-PLACE CONCRETE.  Equipment must be properly 
leveled, aligned, and secured in place in accordance with manufacturer's 
instructions.

3.3   CLEANING AND ADJUSTING

Equipment must be wiped clean, with all traces of oil, dust, dirt, or 
paint spots removed.  Temporary filters must be provided for all fans that 
are operated during construction, and new filters must be installed after 
all construction dirt has been removed from the building.  System must be 
maintained in this clean condition until final acceptance.  Bearings must 
be properly lubricated with oil or grease as recommended by the 
manufacturer.  Belts must be tightened to proper tension.  Control valves 
and other miscellaneous equipment requiring adjustment must be adjusted to 
setting indicated or directed.  Fans must be adjusted to the speed 
indicated by the manufacturer to meet specified conditions.  Testing, 
adjusting, and balancing must be as specified in Section 23 05 93  TESTING, 
ADJUSTING, AND BALANCING OF HVAC SYSTEMS.

3.4   TRAINING

Conduct a training course for the operating staff as designated by the 
Contracting Officer.  The training period must consist of a total 8 hours 
of normal working time and start after the system is functionally 
completed but prior to final acceptance tests.

a.  Submit a schedule, at least 2 weeks prior to the date of the proposed 
training course, which identifies the date, time, and location for the 
training.

b.  Submit the field posted instructions , at least 2 weeks prior to 
construction completion, including equipment layout, wiring and 
control diagrams, piping, valves and control sequences, and typed 
condensed operation instructions.  The condensed operation 
instructions must include preventative maintenance procedures, methods 
of checking the system for normal and safe operation, and procedures 
for safely starting and stopping the system.  The posted instructions 
must be framed under glass or laminated plastic and be posted where 
indicated by the Contracting Officer.
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c.  The posted instructions must cover all of the items contained in the 
approved operation and maintenance manuals  as well as demonstrations 
of routine maintenance operations.  Submit 6 complete copies of an 
operation manual in bound  8-1/2 by 11 inch  booklets listing 
step-by-step procedures required for system startup, operation, 
abnormal shutdown, emergency shutdown, and normal shutdown at least 4 
weeks prior to the first training course.  The booklets must include 
the manufacturer's name, model number, and parts list.  The manuals 
must include the manufacturer's name, model number, service manual, 
and a brief description of all equipment and their basic operating 
features.

d.  Submit 6 complete copies of maintenance manual in bound  8-1/2 by 11 
inch  booklets listing routine maintenance procedures, possible 
breakdowns and repairs, and a trouble shooting guide.  The manuals 
must include piping and equipment layouts and simplified wiring and 
control diagrams of the system as installed.

3.5   REFRIGERANT TESTS, CHARGING, AND START-UP

Split-system refrigerant piping systems must be tested and charged as 
specified in Section 23 23 00  REFRIGERANT PIPING.  Packaged refrigerant 
systems which are factory charged must be checked for refrigerant and oil 
capacity to verify proper refrigerant levels in accordance with 
manufacturer's recommendations.  Following charging, packaged systems must 
be tested for leaks with a halide torch or an electronic leak detector.  
Submit 6 copies of each test containing the information described below in 
bound  8-1/2 by 11 inch  booklets.  Individual reports must be submitted for 
the refrigerant system tests.

a.  The date the tests were performed.
b.  A list of equipment used, with calibration certifications.
c.  Initial test summaries.
d.  Repairs/adjustments performed.
e.  Final test results.

3.5.1   Refrigerant Leakage

If a refrigerant leak is discovered after the system has been charged, the 
leaking portion of the system must immediately be isolated from the 
remainder of the system and the refrigerant pumped into the system 
receiver or other suitable container.  Under no circumstances must the 
refrigerant be discharged into the atmosphere.

3.5.2   Contractor's Responsibility

Take steps, at all times during the installation and testing of the 
refrigeration system, to prevent the release of refrigerants into the 
atmosphere.  The steps must include, but not be limited to, procedures 
which will minimize the release of refrigerants to the atmosphere and the 
use of refrigerant recovery devices to remove refrigerant from the system 
and store the refrigerant for reuse or reclaim.  At no time must more than  
3 ounces  of refrigerant be released to the atmosphere in any one 
occurrence.  Any system leaks within the first year must be repaired in 
accordance with the requirements herein at no cost to the Government 
including material, labor, and refrigerant if the leak is the result of 
defective equipment, material, or installation.
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3.6   SYSTEM PERFORMANCE TESTS

Before each refrigeration system is accepted, conduct tests to demonstrate 
the general operating characteristics of all equipment by a registered 
professional engineer or an approved manufacturer's start-up 
representative experienced in system start-up and testing, at such times 
as directed.  Six copies of the report provided in bound  8-1/2 by 11 inch  
booklets.  The report must document compliance with the specified 
performance criteria upon completion and testing of the system.  The 
report must indicate the number of days covered by the tests and any 
conclusions as to the adequacy of the system.

For equipment providing heating and cooling the system performance tests 
must be performed during the heating and cooling seasons.

a.  Submit a schedule, at least 2 weeks prior to the start of related 
testing, for the system performance tests.  The schedules must 
identify the proposed date, time, and location for each test.  Tests 
must cover a period of not less than 48 hours for each system and must 
demonstrate that the entire system is functioning in accordance with 
the drawings and specifications.

b.  Make corrections and adjustments, as necessary, tests must be 
re-conducted to demonstrate that the entire system is functioning as 
specified.  Prior to acceptance, install and tighten service valve 
seal caps and blanks over gauge points.  Replace any refrigerant lost 
during the system startup.

c.  If tests do not demonstrate satisfactory system performance, correct 
deficiencies and retest the system.  Conduct tests in the presence of 
the Contracting Officer.  Water and electricity required for the tests 
will be furnished by the Government.  Provide all material, equipment, 
instruments, and personnel required for the test.

d.  Coordinate field tests with Section 23 05 93  TESTING, ADJUSTING, AND 
BALANCING OF HVAC SYSTEMS.  Submit 6 copies of the report provided in 
bound  8-1/2 by 11 inch  booklets.  The report must document compliance 
with the specified performance criteria upon completion and testing of 
the system.  The report must indicate the number of days covered by 
the tests and any conclusions as to the adequacy of the system.  
Submit the report including the following information (where values 
are taken at least three different times at outside dry-bulb 
temperatures that are at least  5 degrees F  apart):

(1)  Date and outside weather conditions.

(2)  The load on the system based on the following:

(a)  The refrigerant used in the system.
(b)  Condensing temperature and pressure.
(c)  Suction temperature and pressure.
(d)  Ambient, condensing and coolant temperatures.
(e)  Running current, voltage and proper phase sequence for each 
phase of all motors.

(3)  The actual on-site setting of operating and safety controls.

(4)  Thermostatic expansion valve superheat - value as determined by 
field test.
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(5)  Subcooling.

(6)  High and low refrigerant temperature switch set-points

(7)  Low oil pressure switch set-point.

(8)  Defrost system timer and thermostat set-points.

(9)  Moisture content.

(10)  Capacity control set-points.

(11)  Field data and adjustments which affect unit performance and 
energy consumption.

(12)  Field adjustments and settings which were not permanently marked 
as an integral part of a device.

3.7   MAINTENANCE

3.7.1   EXTRA MATERIALS

Submit spare parts  data for each different item of equipment specified, 
after approval of detail drawings and not later than 2 months prior to the 
date of beneficial occupancy.  Include in the data a complete list of 
parts and supplies, with current unit prices and source of supply, a 
recommended spare parts list for 1 year of operation, and a list of the 
parts recommended by the manufacturer to be replaced on a routine basis.

3.7.2   Maintenance Service

Submit a certified list of qualified permanent service organizations , 
which includes their addresses and qualifications, for support of the 
equipment.  The service organizations must be reasonably convenient to the 
equipment installation and be able to render satisfactory service to the 
equipment on a regular and emergency basis during the warranty period of 
the contract.

        -- End of Section --
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SECTION 23 82 00.00 20

TERMINAL HEATING UNITS
02/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A653/A653M (2019) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B117 (2016) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM D1654 (2008; R 2016; E 2017) Standard Test 
Method for Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 2 (2000; R 2005; Errata 2008) Industrial 
Control and Systems Controllers, 
Contactors, and Overload Relays Rated 600 V

NEMA ICS 6 (1993; R 2016) Industrial Control and 
Systems:  Enclosures

NEMA MG 1 (2018) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 54 (2018) National Fuel Gas Code

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 
National Electrical Code

NFPA 90A (2018) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NFPA 90B (2018) Standard for the Installation of 
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Warm Air Heating and Air Conditioning 
Systems

NFPA 91 (2015) Standard for Exhaust Systems for 
Air Conveying of Vapors, Gases, Mists and 
Noncombustible Particulate Solids

NFPA 211 (2019) Standard for Chimneys, Fireplaces, 
Vents, and Solid Fuel-Burning Appliances

1.2   RELATED REQUIREMENTS

Section 23 03 00.00 20  BASIC MECHANICAL MATERIALS AND METHODS, applies to 
this section with additions and modifications specified herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval. Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance with Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Unit Heaters

Infrared Heaters

SD-10 Operation and Maintenance Data

Unit Heaters , Data Package 2

Infrared Heaters , Data Package 2

  Submit in accordance with Section 01 78 23  OPERATION AND 
MAINTENANCE DATA.

PART 2   PRODUCTS

2.1   UNIT HEATERS

Self-contained and factory assembled, propeller or centrifugal fan with 
capacities expressed as Btu per hour output and cubic foot-per-minute air 
delivery, operating conditions, and mounting arrangements as indicated. 
Average fan bearing life must be minimum 200,000 hours at operating 
conditions.  Provide fan motor with direct or belt drive.  Construct 
fan-guard motor mount of steel wire.  Equip each heater with individually 
adjustable package discharge louver.  Louvers may be substituted by 
discharge cones or diffusers.  Provide thermostats as indicated.  Furnish 
circuit breaker disconnect switch.

2.1.1   Electric Unit Heater

UL listed; wattage, voltage, phase, and number of steps as indicated. 
Provide control-circuit terminals and single source of power supply. 
Heater 5 Kw and larger must be three-phase, with load balanced on each of 
the three phases.  Limit leaving air temperature below  140 degrees F at 60 
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degrees F  entering air.

2.1.1.1   Casing

Minimum 21 gage steel.

2.1.1.2   Heating Element

Nickel-chromium heating wire element, free from expansion noise and 60 Hz 
hum.  Embed element in magnesium-oxide insulating refractory.  Seal 
element in high-mass steel or corrosion-resisting metallic sheath with 
fins. Enclose element ends in terminal box.  Space fins at maximum six 
fins per inch.  Limit fin surface temperature  550 degrees F at any point 
during normal operation.

2.1.1.3   Controls

Include limit controls for thermal overheat protection of heaters.  For 
remote thermostatic operation, provide contactor rated for 100,000 duty 
cycles.    Provide room thermostat for pilot duty.

2.1.1.4   Wiring

Completely factory-prewired to terminal strips, ready to receive branch 
circuit and control connections for  140 degrees F  copper or aluminum 
wiring.

2.2   FAN

Provide steel or aluminum fans with ball or roller bearings for motors over
 1/8 horsepower (hp)  and sleeve bearings for motors  1/8 hp  and under.  
Provide sleeve bearings with oil reservoir, if not permanently lubricated.

2.3   MOTOR AND STARTER

NEMA MG 1, and NEMA ICS 2 , and NEMA ICS 6 , respectively.   Provide 
continuous-duty motor with built-in automatic reset thermal overload 
protection.  For motor  1/2 hp  and larger, use three-phase.  Provide 
single-phase motor of permanent split capacitor or capacitor start.  Limit 
motor speed at 1800  r/min .  Wire motor to heater power supply source.

2.4   NOISE, VIBRATION AND SEISMIC CONTROLS

Section 22 05 48.00 20  MECHANICAL SOUND VIBRATION AND SEISMIC CONTROL.

2.5   SOURCE QUALITY CONTROL

Special protection is not required for equipment that has a zinc coating 
conforming to ASTM A123/A123M  ASTM A653/A653M .  Otherwise, protect 
affected equipment items by manufacturers' corrosion-inhibiting coating or 
paint system that has proved capable of withstanding salt-spray test in 
accordance with ASTM B117.  Test indoor and outdoor equipment for 125 
hours; test outdoor equipment used in a marine atmosphere for 500 hours.  
For each specimen, perform a scratch test as defined in ASTM D1654.
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PART 3   EXECUTION

3.1   INSTALLATION

Install equipment where indicated and as recommended by manufacturer's 
recommendations, NFPA 54 , NFPA 90A, NFPA 90B, NFPA 91  and NFPA 211 .

3.1.1   Suspensions of Equipment

Provide equipment supports including beam clamps, turnbuckles and twist 
links or weld-wire chains, wire ropes with rope clips and rope thimbles, 
threaded-eye rod hangers with lock nuts and heat-duct hangers, 
threaded-eye bolts with expansion screws, brackets, platform and mounting 
frame, and vibration isolators.  Locate equipment in such a manner that 
working space is available for servicing, such as vacuum pump and burner 
removal, access to automatic controls, and lubrication.  Provide 
electrical isolation of dissimilar metals.  Clean interior of casings or 
cabinets before and after completion of installation.

3.1.2   Electrical Work

NFPA 70  and Division 26, "ELECTRICAL."  When replacing original control 
wires, provide No. 16 AWG with minimum 105 degrees C insulation.

3.2   FIELD QUALITY CONTROL

Administer, schedule, and conduct specified tests.  Furnish personnel, 
instruments and equipment for such tests.  Correct defects and repeat the 
respective inspections and tests.  Conduct inspections and testing in the 
presence of the Contracting Officer.

3.2.1   Test Instruments and Apparatus

Provide instruments and apparatus currently certified as being accurate to 
within one percent of their full scale.  Use gages with a maximum scale 
between 1 1/2 and 2 times test pressure.

3.2.2   Field Inspection

Prior to initial operation, inspect equipment installation to ensure that 
indicated and specified requirements have been met.

3.2.3   Field Tests

3.2.3.1   Insulation-Resistance Tests for Electrical Equipment

At the completion of wiring, test 600 volt wiring to verify that no short 
circuits exist before or after the attachment of electrical heating 
equipment to the power source.  Make tests with an instrument which 
applies a voltage of approximately 500 volts for a direct reading of 
insulation resistance.

3.2.3.2   Operational Tests

After completing fire tests and insulation-resistance tests, operate 
equipment continuously under varying load conditions to verify functioning 
of combustion controls, electrical controls, flame safeguard controls, 
safety interlocks, and specified operating sequence.  Run each test for a 
minimum period of one hour.

SECTION 23 82 00.00 20  Page 4



Hill Air Force Base, UT, Building 591 HILL591

        -- End of Section --
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SECTI ON 26 00 00. 00 20

BASI C ELECTRI CAL MATERI ALS AND METHODS
07/06

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t  ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o i n t he t ext  by t he 
basi c desi gnat i on onl y.  

ASTM I NTERNATI ONAL ( ASTM)

ASTM D 709 ( 2001;  R 2007)  Lami nat ed Ther moset t i ng 
Materials

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2007;  TI A 2007- 1;  TI A 2007- 2;  TI A 2007- 3;  
TI A 2007- 4;  TI A 2007- 5;  Er r at a 2006- 1;  
Er r at a 2007- 2;  Er r at a 2009- 3 )  Nat i onal  
El ect r i cal  Saf et y Code

I EEE C57. 12. 28 ( 2005)  St andar d f or  Pad- Mount ed Equi pment  
-  Encl osur e I nt egr i t y

I EEE C57. 12. 29 ( 2005)  St andar d f or  Pad- Mount ed Equi pment  
-  Encl osur e I nt egr i t y f or  Coast al  
Environments

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2008)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (20 17)  Nat i onal  El ect r i cal  Code

1. 2   RELATED REQUI REMENTS

Thi s sect i on appl i es t o cer t ai n sect i ons of  Di v i s i on 02,  EXI STI NG CONDI TI ONS
and Di v i s i ons 22 and 23,  PLUMBI NG and HEATI NG VENTI LATI NG AND AI R 
CONDI TI ONI NG.   Thi s sect i on appl i es t o al l  sect i ons of  Di v i s i on 26 and 33,  
ELECTRI CAL and UTI LI TI ES,  of  t hi s  pr oj ect  speci f i cat i on unl ess speci f i ed 
ot her wi se i n t he i ndi v i dual  sect i ons.   Thi s sect i on has been i ncor por at ed 
i nt o,  and t hus,  does not  appl y t o,  and i s not  r ef er enced i n t he f ol l owi ng 
sections.

Section 26 12 19. 10 THREE- PHASE PAD MOUNTED TRANSFORMERS
Section 26 24 13 SWI TCHBOARDS  
Section 26 51 00 I NTERI OR LI GHTI NG 
Section 26 56 00 EXTERI OR LI GHTI NG 
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Section 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM
Section 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON
Section 33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT

1. 3   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and 
el ect r oni cs t er ms used i n t hese speci f i cat i ons,  and on t he 
dr awi ngs,  shal l  be as def i ned i n I EEE 100.

b.   The t echni cal  sect i ons r ef er r ed t o her ei n ar e t hose speci f i cat i on 
sect i ons t hat  descr i be pr oduct s,  i nst al l at i on pr ocedur es,  and 
equi pment  oper at i ons and t hat  r ef er  t o t hi s sect i on f or  det ai l ed 
descr i pt i on of  submi t t al  t ypes.

c.   The t echni cal  par agr aphs r ef er r ed t o her ei n ar e t hose par agr aphs 
i n PART 2 -  PRODUCTS and PART 3 -  EXECUTI ON of  t he t echni cal  
sect i ons t hat  descr i be pr oduct s,  syst ems,  i nst al l at i on pr ocedur es,  
equi pment ,  and t est  met hods.

1. 4   ELECTRI CAL CHARACTERI STI CS

El ect r i cal  char act er i st i cs f or  t hi s pr oj ect  shal l  be an exi st i ng 12.47  kV 
pr i mar y,  t hr ee phase,  t hr ee wi r e,  60 Hz,  and 480Y/277  vol t s secondar y,  t hr ee
 phase,  f our  wi r e.    Fi nal  connect i ons t o t he power  di st r i but i on syst em at  
t he exi st i ng transformer  shal l  be made by t he Cont r act or  as di r ect ed by t he 
Cont r act i ng Of f i cer  .

1. 5   ADDI TI ONAL SUBMI TTALS I NFORMATI ON

Submi t t al s r equi r ed i n ot her  sect i ons t hat  r ef er  t o t hi s sect i on must  
conf or m t o t he f ol l owi ng addi t i onal  r equi r ement s as appl i cabl e.

1. 5. 1   Shop Dr awi ngs ( SD- 02)

I ncl ude wi r i ng di agr ams and i nst al l at i on det ai l s  of  equi pment  i ndi cat i ng 
pr oposed l ocat i on,  l ayout  and ar r angement ,  cont r ol  panel s,  accessor i es,  
pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  be shown t o ensur e a 
coor di nat ed i nst al l at i on.   Wi r i ng di agr ams shal l  i dent i f y c i r cui t  t er mi nal s 
and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em of  equi pment  and t he 
i nt er connect i on bet ween each i t em of  equi pment .   Dr awi ngs shal l  i ndi cat e 
adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  oper at i ng 
equi pment  devi ces.

1. 5. 2   Pr oduct  Dat a ( SD- 03)

Submi t t al  shal l  i ncl ude per f or mance and char act er i st i c  cur ves.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p shal l  be i n accor dance wi t h t he mandat or y and 
advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
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speci f i ed or  i ndi cat ed.

1. 6. 2   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s shal l  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d openi ng.   The 2- year  
per i od shal l  i nc l ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  shal l  have been on sal e on 
t he commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
br ochur es dur i ng t he 2- year  per i od.   Wher e t wo or  mor e i t ems of  t he same 
cl ass of  equi pment  ar e r equi r ed,  t hese i t ems shal l  be pr oduct s of  a s i ngl e 
manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be t he 
pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t he t echni cal  sect i on.

1. 6. 2. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  i s  
furnished.

1. 6. 2. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
shal l  not  be used,  unl ess speci f i ed ot her wi se.

1. 7   WARRANTY

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

1. 8   POSTED OPERATI NG I NSTRUCTI ONS

Pr ovi de f or  each syst em and pr i nc i pal  i t em of  equi pment  as speci f i ed i n t he 
t echni cal  sect i ons f or  use by oper at i on and mai nt enance per sonnel .   The 
oper at i ng i nst r uct i ons shal l  i ncl ude t he f ol l owi ng:

a.   Wi r i ng di agr ams,  cont r ol  di agr ams,  and cont r ol  sequence f or  each 
pr i nci pal  syst em and i t em of  equi pment .

b.   St ar t  up,  pr oper  adj ust ment ,  oper at i ng,  l ubr i cat i on,  and shut down 
procedures.

c.   Saf et y pr ecaut i ons.

d.   The pr ocedur e i n t he event  of  equi pment  f ai l ur e.

e.   Ot her  i t ems of  i nst r uct i on as r ecommended by t he manuf act ur er  of  
each syst em or  i t em of  equi pment .

Pr i nt  or  engr ave oper at i ng i nst r uct i ons and f r ame under  gl ass or  i n 
appr oved l ami nat ed pl ast i c.   Post  i nst r uct i ons wher e di r ect ed.   For  
oper at i ng i nst r uct i ons exposed t o t he weat her ,  pr ovi de weat her - r esi st ant  
mat er i al s or  weat her pr oof  encl osur es.   Oper at i ng i nst r uct i ons shal l  not  
f ade when exposed t o sunl i ght  and shal l  be secur ed t o pr event  easy r emoval  
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or  peel i ng.

1. 9   MANUFACTURER' S NAMEPLATE

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
acceptable.

1. 10   FI ELD FABRI CATED NAMEPLATES

ASTM D 709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  
encl osur e,  r el ay,  swi t ch,  and devi ce;  as speci f i ed i n t he t echni cal  
sect i ons or  as i ndi cat ed on t he dr awi ngs.   Each namepl at e i nscr i pt i on shal l  
i dent i f y t he f unct i on and,  when appl i cabl e,  t he posi t i on.   Namepl at es shal l  
be mel ami ne pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack cent er  cor e.   
Sur f ace shal l  be mat t e f i ni sh.   Cor ner s shal l  be squar e.   Accur at el y al i gn 
l et t er i ng and engr ave i nt o t he cor e.   Mi ni mum si ze of  namepl at es shal l  be 
one by 2. 5 i nches.   Let t er i ng shal l  be a mi ni mum of  0. 25 i nch hi gh nor mal  
bl ock st y l e.

1. 11   WARNI NG SI GNS

Pr ovi de war ni ng s i gns f or  t he encl osur es of  el ect r i cal  equi pment  i ncl udi ng 
subst at i ons,  pad- mount ed t r ansf or mer s,  pad- mount ed swi t ches,  gener at or s,  
and swi t chgear  havi ng a nomi nal  r at i ng exceedi ng 600 vol t s.

a.   When t he encl osur e i nt egr i t y of  such equi pment  i s  speci f i ed t o be 
i n accor dance wi t h I EEE C57. 12. 28 or  I EEE C57. 12. 29,  such as f or  
pad- mount ed t r ansf or mer s,  pr ovi de sel f - adhesi ve war ni ng s i gns on 
t he out s i de of  t he hi gh vol t age compar t ment  door ( s) .   Si gn shal l  
be a decal  and shal l  have nomi nal  di mensi ons of  7 by 10 i nches 
wi t h t he l egend " DANGER HI GH VOLTAGE"  pr i nt ed i n t wo l i nes of  
nominal  2 i nch hi gh l et t er s.   The wor d " DANGER"  shal l  be i n whi t e 
l et t er s on a r ed backgr ound and t he wor ds " HI GH VOLTAGE"  shal l  be 
i n bl ack l et t er s on a whi t e backgr ound.   Decal  shal l  be Pandui t  
No.  PPSO710D72 or  appr oved equal .

1. 12   ELECTRI CAL REQUI REMENTS

El ect r i cal  i nst al l at i ons shal l  conf or m t o I EEE C2, NFPA 70,  and 
r equi r ement s speci f i ed her ei n.

1. 13   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

Wher e speci f i ed i n t he t echni cal  sect i ons,  f ur ni sh t he ser vi ces of  
compet ent  i nst r uct or s t o gi ve f ul l  i nst r uct i on t o desi gnat ed Gover nment  
per sonnel  i n t he adj ust ment ,  oper at i on,  and mai nt enance of  t he speci f i ed 
syst ems and equi pment ,  i ncl udi ng per t i nent  saf et y r equi r ement s as r equi r ed.  
I nst r uct or s shal l  be t hor oughl y f ami l i ar  wi t h al l  par t s of  t he i nst al l at i on 
and shal l  be t r ai ned i n oper at i ng t heor y as wel l  as pr act i cal  oper at i on and 
mai nt enance wor k.   I nst r uct i on shal l  be gi ven dur i ng t he f i r st  r egul ar  wor k 
week af t er  t he equi pment  or  syst em has been accept ed and t ur ned over  t o t he 
Gover nment  f or  r egul ar  oper at i on.   The number  of  man- days ( 8 hour s per  day)  
of  i nst r uct i on f ur ni shed shal l  be as speci f i ed i n t he i ndi v i dual  sect i on.  
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PART 2   PRODUCTS

2. 1   FACTORY APPLI ED FI NI SH

El ect r i cal  equi pment  shal l  have f act or y- appl i ed pai nt i ng syst ems whi ch 
shal l ,  as a mi ni mum,  meet  t he r equi r ement s of  NEMA 250 cor r osi on- r esi st ance 
test.

PART 3   EXECUTI ON

3. 1   FI ELD APPLI ED PAI NTI NG

Pai nt  el ect r i cal  equi pment  as r equi r ed t o mat ch f i ni sh of  adj acent  sur f aces 
or  t o meet  t he i ndi cat ed or  speci f i ed saf et y cr i t er i a.   Pai nt i ng shal l  be 
as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS and/ or  t he sect i on 
speci f y i ng t he associ at ed el ect r i cal  equi pment .

3. 2   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 3   WARNI NG SI GN MOUNTI NG

Pr ovi de t he number  of  s i gns r equi r ed t o be r eadabl e f r om each accessi bl e 
s i de,  but  space t he s i gns a maxi mum of  30 f eet  apar t .

        - -  End of  Sect i on - -
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COMMON WORK RESULTS FOR ELECTRI CAL
08/16

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D709 ( 2016)  Lami nat ed Ther moset t i ng Mat er i al s

ELECTRONI C I NDUSTRI ES ALLI ANCE ( EI A)

EI A 480 ( 1981)  Toggl e Swi t ches

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C57. 12. 28 ( 2014)  St andar d f or  Pad- Mount ed Equi pment  
-  Encl osur e I nt egr i t y

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC/ ANSI  A117. 1 ( 2009)  Accessi bl e and Usabl e Bui l di ngs and 
Facilities

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  Z535. 1 ( 2006;  R 2011)  Amer i can Nat i onal  St andar d 
f or  Saf et y- - Col or  Code

ANSI / NEMA OS 1 ( 2013)  Sheet - St eel  Out l et  Boxes,  Devi ce 
Boxes,  Cover s,  and Box Suppor t s

NEMA 250 ( 2014)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA FB 1 ( 2014)  St andar d f or  Fi t t i ngs,  Cast  Met al  
Boxes,  and Condui t  Bodi es f or  Condui t ,  
El ect r i cal  Met al l i c  Tubi ng,  and Cabl e

NEMA KS 1 ( 2013)  Encl osed and Mi scel l aneous 
Di st r i but i on Equi pment  Swi t ches ( 600 V 
Maximum)

NEMA PB 1 ( 2011)  Panel boar ds

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t
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NEMA TC 2 ( 2013)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2015)  St andar d f or  Pol yvi nyl  Chl or i de 
( PVC)  Fi t t i ngs f or  Use Wi t h Ri gi d PVC 
Condui t  and Tubi ng

NEMA VE 1 ( 2009)  St andar d f or  Met al  Cabl e Tr ay 
Systems

NEMA WD 1 ( 1999;  R 2015)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA WD 6 ( 2016)  Wi r i ng Devi ces Di mensi ons 
Specifications

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 2017  Nat i onal  El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 1 ( 2005;  Repr i nt  Jul  2012)  St andar d f or  
Fl exi bl e Met al  Condui t

UL 1242 ( 2006;  Repr i nt  Mar  2014)  St andar d f or  
El ect r i cal  I nt er medi at e Met al  Condui t  - -  
Steel

UL 489 ( 2013;  Repr i nt  Mar  2014)  Mol ded- Case 
Ci r cui t  Br eaker s,  Mol ded- Case Swi t ches,  
and Ci r cui t - Br eaker  Encl osur es

UL 506 ( 2008;  Repr i nt  Oct  2013)  Speci al t y 
Transformers

UL 6 ( 2007;  Repr i nt  Nov 2014)  El ect r i cal  Ri gi d 
Met al  Condui t - St eel

UL 797 ( 2007;  Repr i nt  Dec 2012)  El ect r i cal  
Met al l i c  Tubi ng - -  St eel

UL 870 ( 2008;  Repr i nt  Feb 2013)  St andar d f or  
Wi r eways,  Auxi l i ar y Gut t er s,  and 
Associ at ed Fi t t i ngs

1. 2   DEFINITIONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned 
in I EEE St ds Di ct i onar y.

b.   The t echni cal  sect i ons r ef er r ed t o her ei n ar e t hose speci f i cat i on 
sect i ons t hat  descr i be pr oduct s,  i nst al l at i on pr ocedur es,  and equi pment  
oper at i ons and t hat  r ef er  t o t hi s  sect i on f or  det ai l ed descr i pt i on of  
submi t t al  t ypes.
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1. 3   SUBMITTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  i nf or mat i on onl y.   When 
used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on i dent i f i es t he of f i ce 
t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   Submi t t al s wi t h an " S"  
ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  Not ebook,  i n conf or mance t o Sect i on 
01 33 29 SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h 
Section 01 33 00 SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Mat er i al ,  Equi pment ,  and Fi xt ur e Li st s

SD- 03 Pr oduct  Dat a

Condui t s and Raceways; G

Wi r e and Cabl e; G

Spl i ces and Connect or s; G

Switches ; G

Receptacles ; G

Out l et  Boxes,  Pul l  Boxes and Junct i on Boxes; G

Ci r cui t  Br eaker s; G

Panelboards ; G

Lamps and Li ght i ng Fi xt ur es; G

Dr y- Type Di st r i but i on Tr ansf or mer s; G

SD- 06 Test  Repor t s

Cont i nui t y Test ; G

Phase- Rot at i on Test s; G

I nsul at i on Resi st ance Test ; G

SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s I nst r uct i ons

PART 2   PRODUCTS

2. 1   EQUIPMENT

Pr ovi de t he st andar d cat al oged mat er i al s and equi pment  of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s.   For  material, 
equi pment ,  and f i x t ur e l i s t s submi t t al s,  show manuf act ur er ' s st y l e or  
cat al og number s,  speci f i cat i on and dr awi ng r ef er ence number s,  war r ant y 
i nf or mat i on,  and f abr i cat i on s i t e.
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2. 1. 1   Condui t s and Raceways

2. 1. 1. 1   Ri gi d St eel  Condui t

Pr ovi de hot  di pped gal vani zed r i gi d st eel  condui t  compl yi ng wi t h UL 6.   
Except  wher e i nst al l ed under gr ound,  or  i n cor r osi ve ar eas,  pr ovi de 
pol yvi nyl chl or i de ( PVC) ,  or  pai nt ed wi t h bi t umast i c coat ed r i gi d st eel  
condui t  i n accor dance wi t h NEMA RN 1.

Use t hr eaded f i t t i ngs f or  r i gi d st eel  condui t .

Use sol i d gasket s.   Ensur e condui t  f i t t i ngs wi t h bl ank cover s have gasket s,  
except  i n c l ean,  dr y ar eas or  at  t he l owest  poi nt  of  a condui t  r un wher e 
dr ai nage i s r equi r ed.

Pr ovi de cover s wi t h capt i ve scr ews and ar e accessi bl e af t er  t he wor k has 
been compl et ed.

2. 1. 1. 2   El ect r i cal  Met al l i c  Tubi ng ( EMT)

Ensur e EMT i s i n accor dance wi t h UL 797 and i s z i nc coat ed st eel .   Pr ovi de 
z i nc- coat ed coupl i ngs and connect or s t hat  ar e r ai nt i ght ,  gl and compr essi on 
t ype wi t h i nsul at i on t hr oat .   Cr i mp,  spr i ng,  or  set scr ew t ype f i t t i ngs ar e 
not  accept abl e.

2. 1. 1. 3   Fl exi bl e Met al l i c  Condui t

Ensur e f l exi bl e met al l i c  condui t  i s  gal vani zed st eel  and compl i es wi t h UL 1.

Ensur e f i t t i ngs f or  f l exi bl e met al l i c  condui t  ar e speci f i cal l y  desi gned f or  
such condui t .

Pr ovi de l i qui dt i ght  f l exi bl e met al l i c  condui t  wi t h a pr ot ect i ve j acket  of  
PVC ext r uded over  a f l exi bl e i nt er l ocked gal vani zed st eel  cor e t o pr ot ect  
wi r i ng agai nst  moi st ur e,  oi l ,  chemi cal s,  and cor r osi ve f umes.

Ensur e f i t t i ngs f or  l i qui dt i ght  f l exi bl e met al l i c  condui t  ar e speci f i cal l y  
desi gned f or  such condui t .

2. 1. 1. 4   I nt er medi at e Met al  Condui t

Ensur e i nt er medi at e met al  condui t  i s  gal vani zed st eel  and compl i es wi t h 
UL 1242.

2. 1. 1. 5   Ri gi d Nonmet al l i c  Condui t

Ensur e r i gi d nonmet al l i c  condui t  compl i es wi t h NEMA TC 2 and NEMA TC 3 wi t h 
a wal l  t hi ckness not  l ess t han Schedul e 40.

2. 1. 1. 6   Wi r eways and Auxi l i ar y Gut t er s

Ensur e wi r eways and auxi l i ar y gut t er s ar e a mi ni mum 4 by 4- i nch t r ade si ze 
conf or mi ng t o UL 870.

2. 1. 1. 7   Sur f ace Raceways and Assembl i es

Ensur e sur f ace met al  r aceways and mul t i - out l et  assembl i es conf or m t o NFPA 70, 
and have r ecept acl es conf or mi ng t o NEMA WD 1,  Type 5- 20R.
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2. 1. 2   Cabl e Tr ays

Pr ovi de l adder  t ype cabl e t r ays conf or mi ng t o NEMA VE 1.

2. 1. 3   Wi r e and Cabl e

Use copper  600- vol t  t ype THWN f or  conduct or s i nst al l ed i n condui t .   Ensur e 
al l  conduct or s AWG No.  8 and l ar ger ,  ar e st r anded.   Al l  conduct or s smal l er  
than  AWG No.  8 ar e st r anded .

Ensur e f l exi bl e cabl e i s Type SO and cont ai ns a gr oundi ng conduct or  wi t h 
gr een i nsul at i on.

Ensur e conduct or s i nst al l ed i n pl enums ar e mar ked pl enum r at ed.

2. 1. 4   Switches

2. 1. 4. 1   Saf et y Swi t ches

Ensur e saf et y swi t ches compl y wi t h NEMA KS 1,  and ar e t he heavy- dut y t ype 
wi t h encl osur e,  vol t age,  cur r ent  r at i ng,  number  of  pol es,  and f usi ng as 
i ndi cat ed on t he dr awi ngs.   Ensur e swi t ch const r uct i on i s such t hat ,  when 
t he swi t ch handl e i n t he " ON"  posi t i on,  t he cover  or  door  cannot  be 
opened.   Cover  r el ease devi ce i s coi npr oof  and so const r uct ed t hat  an 
ext er nal  t ool  i s  used t o open t he cover .   Make pr ovi s i ons t o l ock t he 
handl e i n t he " OFF"  posi t i on.   Ensur e t he swi t ch i s not  capabl e of  bei ng 
l ocked i n t he " ON"  posi t i on.

Pr ovi de swi t ches of  t he qui ck- make,  qui ck- br eak t ype and t er mi nal  l ugs f or  
use wi t h copper  conduct or s.

Ensur e saf et y col or  codi ng f or  i dent i f i cat i on of  saf et y swi t ches conf or ms 
to ANSI  Z535. 1.

2. 1. 4. 2   Toggl e Swi t ches

Ensur e t oggl e swi t ches compl y wi t h EI A 480,  cont r ol  i ncandescent ,  mer cur y,  
and f l uor escent  l i ght i ng f i x t ur es and ar e t he heavy dut y,  gener al  pur pose,  
noni nt er changeabl e f l ush- t ype.

Pr ovi de commer ci al  gr ade t oggl e swi t ches,  s i ngl e - pol e,  t hr ee - way 
t wo- posi t i on devi ces r at ed 20 amper es at  277 vol t s ,  60 her t z al t er nat i ng 
cur r ent  ( ac)  onl y.

Ensur e al l  t oggl e swi t ches ar e pr oduct s of  t he same manuf act ur er .

2. 1. 5   Receptacles

Pr ovi de commer ci al  gr ade,  NEMA 5- 20R receptacles ,  20A,  125 VAC,  2- pol e,  
3- wi r e dupl ex conf or mi ng t o NEMA WD 6.

2. 1. 6   Out l et  Boxes,  Pul l  Boxes and Junct i on Boxes

Ensur e out l et  boxes f or  use wi t h condui t  syst ems ar e i n accor dance wi t h 
NEMA FB 1 and ANSI / NEMA OS 1 and ar e not  l ess t han 1- 1/ 2 i nches deep.   
Fur ni sh al l  pul l  and j unct i on boxes wi t h scr ew- f ast ened cover s.
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2. 1. 7   Panelboards

Pr ovi de c i r cui t  br eaker  t ype l i ght i ng and appl i ance br anch ci r cui t  
panel boar ds i n accor dance wi t h NEMA PB 1.   Bol t  c i r cui t  br eaker s t o t he 
bus.   Pl ug- i n c i r cui t  br eaker s ar e not  accept abl e.   Pr ovi de copper  buses of  
t he r at i ng i ndi cat ed on t he dr awi ngs,  wi t h mai n l ugs or  mai n c i r cui t  
br eaker .   Pr ovi de al l  panel boar ds f or  use on gr ounded ac syst ems wi t h a 
f ul l - capaci t y i sol at ed neut r al  bus and a separ at e gr oundi ng bus bonded t o 
t he panel boar d encl osur e.   Ensur e panel boar d encl osur es ar e NEMA 250,  Type 
1,  i n accor dance wi t h NEMA PB 1.   Pr ovi de encl osur e f r ont s wi t h l at chabl e 
hi nged door s.

2. 1. 8   Ci r cui t  Br eaker s

Ensur e c i r cui t  br eaker  i nt er r upt i ng r at i ng i s not  l ess t han t hose i ndi cat ed 
and i n no event  l ess t han 10, 000 amper es r oot - mean- squar e ( r ms)  symmet r i cal  
at  208 vol t s,  r espect i vel y.   Pr ovi de mul t i pol e c i r cui t  br eaker s of  t he 
common- t r i p t ype wi t h a s i ngl e handl e.   Mol ded case ci r cui t  br eaker s ar e 
bol t - on t ype conf or mi ng t o UL 489.

2. 1. 9   Lamps and Li ght i ng Fi xt ur es

Manuf act ur er s and cat al og number s shown on t he dr awi ngs ar e i ndi cat i ve of  
t he gener al  t ype desi r ed and ar e not  i nt ended t o r est r i c t  t he sel ect i on t o 
f i x t ur es of  any par t i cul ar  manuf act ur er .   Fi xt ur es wi t h t he same sal i ent  
f eat ur es and equi val ent  l i ght  di st r i but i on and br i ght ness char act er i st i cs,  
of  equal  f i ni sh and qual i t y ,  ar e accept abl e.   Pr ovi de l amps of  t he pr oper  
t ype and wat t age f or  each f i x t ur e.

2. 1. 10   Manuf act ur er ' s Namepl at e

Ensur e each i t em of  equi pment  has a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  i s  not  
acceptable.

2. 1. 11   War ni ng Si gns

Pr ovi de war ni ng s i gns f or  t he encl osur es of  el ect r i cal  equi pment  i ncl udi ng 
subst at i ons,  pad- mount ed t r ansf or mer s,  pad- mount ed swi t ches,  gener at or s,  
and swi t chgear  havi ng a nomi nal  r at i ng exceedi ng 600 vol t s.

a.   Encl osur e i nt egr i t y t o conf or m wi t h I EEE C57. 12. 28,  such as f or  
pad- mount ed t r ansf or mer s.   Pr ovi de sel f - adhesi ve war ni ng s i gns on t he 
out s i de of  t he hi gh vol t age compar t ment  door ( s) .   Pr ovi de decal  s i gns 
wi t h nomi nal  di mensi ons of  7 by 10 i nches.   Pr i nt  t he l egend " DANGER 
HI GH VOLTAGE"  i n t wo l i nes of  nomi nal  2 i nch hi gh l et t er s.   Show t he 
wor d " DANGER"  i n whi t e l et t er s on a r ed backgr ound and t he wor ds " HI GH 
VOLTAGE"  i n bl ack l et t er s on a whi t e backgr ound. 2. 1. 12   Dry-Type 

Di st r i but i on Tr ansf or mer s

Ensur e t hat  gener al  pur pose dr y- t ype t r ansf or mer s wi t h wi ndi ngs 600 vol t s 
or  l ess ar e t wo- wi ndi ng,  60 her t z,  and sel f - cool ed i n accor dance wi t h UL 506.   
Ensur e wi ndi ngs have a mi ni mum of  t wo 2- 1/ 2- per cent  t aps above and bel ow 
nomi nal  vol t age.
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PART 3   EXECUTI ON

3. 1   PREPARATION

Submit manuf act ur er ' s i nst r uct i ons i ncl udi ng speci al  pr ovi s i ons r equi r ed t o 
i nst al l  equi pment  component s and syst em packages.   Speci al  pr ovi s i ons 
i ncl ude i mpedances,  hazar ds and saf et y pr ecaut i ons.

Cl ean and pai nt  condui t ,  suppor t s,  f i t t i ngs,  cabi net s,  pul l  boxes,  and 
r acks as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

Pr ot ect  met al l i c  mat er i al s agai nst  cor r osi on.   Pr ovi de equi pment  encl osur es 
wi t h t he st andar d f i ni sh by t he manuf act ur er  when used f or  most  i ndoor  
i nst al l at i ons.   For  har sh i ndoor  envi r onment s ( any ar ea subj ect ed t o 
chemi cal  and abr asi ve act i on) ,  and al l  out door  i nst al l at i ons,  r ef er  t o 
Section 09 96 00 HI GH- PERFORMANCE COATI NGS.   Do not  use al umi num when i n 
cont act  wi t h ear t h or  concr et e and,  wher e connect ed t o di ssi mi l ar  met al ,  
pr ot ect  by usi ng appr oved f i t t i ngs and t r eat ment .   Except  wher e ot her  
equi val ent  pr ot ect i ve t r eat ment  i s  speci f i cal l y  appr oved i n wr i t i ng,  
pr ovi de hot - di p gal vani zed f er r ous met al s f or  i t ems such as,  anchor s,  
bol t s,  br aces,  boxes,  bodi es,  c l amps,  f i t t i ngs,  guar ds,  nut s,  pi ns,  r ods,  
shi ms,  t hi mbl es,  washer s,  and mi scel l aneous i t ems not  made of  
cor r osi on- r esi st ant  st eel .

3. 2   INSTALLATION

3. 2. 1   Condui t s,  Raceways and Fi t t i ngs

Ensur e t hat  condui t  r uns bet ween out l et  and out l et ,  bet ween f i t t i ng and 
f i t t i ng,  or  bet ween out l et  and f i t t i ng does not  cont ai n mor e t han t he 
equi val ent  of  t hr ee 90- degr ee bends,  i ncl udi ng t hose bends l ocat ed 
i mmedi at el y at  t he out l et  or  f i t t i ng.

Do not  i nst al l  cr ushed or  def or med condui t .   Avoi d t r apped condui t  r uns 
wher e possi bl e.   Take car e t o pr event  t he l odgment  of  f or ei gn mat er i al  i n 
t he condui t ,  boxes,  f i t t i ngs,  and equi pment  dur i ng t he cour se of  
const r uct i on.   Cl ear  any c l ogged condui t  of  obst r uct i ons or  r epl ace condui t .

Condui t  and r aceway r uns conceal ed i n or  behi nd wal l s,  above cei l i ngs,  or  
exposed on wal l s  and cei l i ngs 5 f eet  or  mor e above f i ni shed f l oor s and not  
subj ect  t o mechani cal  damage may be el ect r i cal  met al l i c  t ubi ng ( EMT) .

3. 2. 1. 1   Ri gi d St eel  Condui t

Make f i el d- made bends and of f set s wi t h appr oved Hi ckey bendi ng t ool  or  
condui t  bendi ng machi ne.   Use l ong r adi us condui t  f or  el bows l ar ger  t han  
2- 1/ 2 i nches.

Pr ovi de a f l ush coupl i ng f or  al l  condui t  st ubbed- up t hr ough concr et e f l oor s 
f or  connect i ons t o f r ee- st andi ng equi pment  wi t h t he except i on of  
mot or - cont r ol  cent er s,  cubi c l es,  and ot her  such i t ems of  equi pment ,  when 
t he f l oor  s l ab i s of  suf f i c i ent  t hi ckness.   Ot her wi se,  pr ovi de a f l oor  box 
set  f l ush wi t h t he f i ni shed f l oor .   For  condui t s i nst al l ed f or  f ut ur e use,  
t er mi nat e wi t h a coupl i ng and pl ug;  set  f l ush wi t h t he f l oor .

3. 2. 1. 2   El ect r i cal  Met al l i c  Tubi ng ( EMT)

Gr ound EMT i n accor dance wi t h NFPA 70,  usi ng pr essur e gr oundi ng connect or s 
especi al l y  desi gned f or  EMT.
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3. 2. 1. 3   Fl exi bl e Met al l i c  Condui t

Use f l exi bl e met al l i c  condui t  t o connect  r ecessed f i x t ur es f r om out l et  
boxes i n cei l i ngs,  t r ansf or mer s,  and ot her  appr oved assembl i es.

Use bondi ng wi r es i n f l exi bl e condui t  as speci f i ed i n NFPA 70,  f or  al l  
c i r cui t s.   Fl exi bl e condui t  i s  not  consi der ed a gr ound conduct or .

Make el ect r i cal  connect i ons t o v i br at i on- i sol at ed equi pment  wi t h f l exi bl e 
met al l i c  condui t .

Use l i qui dt i ght  f l exi bl e met al l i c  condui t  i n wet  and oi l y  l ocat i ons and t o 
compl et e t he connect i on t o mot or - dr i ven equi pment .

3. 2. 1. 4   I nt er medi at e Condui t

Make al l  f i el d- made bends and of f set s wi t h appr oved Hi ckey bendi ng t ool  or  
condui t  bendi ng machi ne.   Use i nt er medi at e met al  condui t  onl y f or  i ndoor  
installations.

3. 2. 1. 5   Ri gi d Nonmet al l i c  Condui t

Ensur e r i gi d PVC condui t  i s  di r ect  bur i ed.

I nst al l  a gr een i nsul at ed copper  gr oundi ng conduct or  i n condui t  wi t h 
conduct or s and sol i dl y connect  t o gr ound at  each end.   Si ze gr oundi ng wi r es 
i n accor dance wi t h NFPA 70.

3. 2. 1. 6   Wi r eway and Auxi l i ar y Gut t er

Bol t  t oget her  st r ai ght  sect i ons and f i t t i ngs t o pr ovi de a r i gi d,  mechani cal  
connect i on and el ect r i cal  cont i nui t y.   Cl ose dead ends of  wi r eways and 
auxi l i ar y gut t er s.   Pl ug al l  unused condui t  openi ngs.

Suppor t  wi r eways f or  over head di st r i but i on and cont r ol  c i r cui t s at  maxi mum 5
-foot  i nt er val s.

Ensur e auxi l i ar y gut t er s used t o suppl ement  wi r i ng spaces f or  equi pment  not  
cont ai ned i n a s i ngl e encl osur e cont ai ns no swi t ches,  over cur r ent  devi ces,  
appl i ances,  or  appar at us and i s not  mor e t han 30 f eet  l ong.

3. 2. 1. 7   Sur f ace Raceways and Assembl i es

Mount  sur f ace r aceways pl umb and l evel ,  wi t h t he base and cover  secur ed.   
Mi ni mum ci r cui t  r un i s t hr ee- wi r e,  wi t h one wi r e desi gnat ed as gr ound.

3. 2. 1. 8   Cabl e Tr ays

Suppor t  cabl e t r ays f r om cei l i ng hanger s,  equi pment  bays,  or  f l oor  or  wal l  
suppor t s.   Cabl e t r ays may be mount ed on equi pment  r acks.  Pr ovi de suppor t  
when t he f r ee end ext ends beyond 3 f eet .   Maxi mum suppor t  spaci ng i s 6 f eet .   
Suppor t  t r ays 10- i nches wi de or  l ess by one hanger .   Suppor t  t r ays gr eat er  
than  10 i nches wi de by t wo hanger s.   Bond cabl e t r ays at  spl i ces.

3. 2. 1. 9   Spl i ces and Connect or s

Make al l  spl i ces i n AWG No.  8 and smal l er  wi t h appr oved i nsul at ed 
el ect r i cal  t ype .
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Make al l  spl i ces i n AWG No.  6 and l ar ger  wi t h bol t ed c l amp- t ype connect or s.   
Wr ap j oi nt s wi t h an i nsul at i ng t ape t hat  has an i nsul at i on and t emper at ur e 
r at i ng equi val ent  t o t hat  of  t he conduct or .

3. 2. 2   Wiring

Col or  code f eeder  and br anch ci r cui t  conduct or s as f ol l ows:

CONDUCTOR COLOR AC

Phase A BLACK(208V)_BROWN(480V)

Phase B RED(208V)_ORANGE(480V)

Phase C BLUE(208V)_YELLOW(480V)

Neutral  
 WHI TE ( 208V)  NATURAL GRAY ( 480V)

Equi pment  Gr ounds Green

Use conduct or s up t o and i ncl udi ng AWG No.  2 t hat  ar e manuf act ur ed wi t h 
col or ed i nsul at i ng mat er i al s.   For  conduct or s l ar ger  t han AWG No.  2,  have 
ends i dent i f i ed wi t h col or  pl ast i c t ape i n out l et ,  pul l ,  or  j unct i on boxes.

Spl i ce i n accor dance wi t h t he NFPA 70.   Pr ovi de conduct or  i dent i f i cat i on 
wi t hi n each encl osur e wher e a t ap,  spl i ce,  or  t er mi nat i on i s made and at  
t he equi pment  t er mi nal  of  each conduct or .   Mat ch t er mi nal  and conduct or  
i dent i f i cat i on as i ndi cat ed.

Wher e sever al  f eeder s pass t hr ough a common pul l box,  t ag t he f eeder s t o 
c l ear l y i ndi cat e t he el ect r i cal  char act er i st i cs,  c i r cui t  number ,  and panel  
designation.

3. 2. 3   Saf et y Swi t ches

Secur el y f ast en swi t ches t o t he suppor t i ng st r uct ur e or  wal l ,  ut i l i z i ng a 
mi ni mum of  f our  1/ 4 i nch bol t s.   Do not  use sheet  met al  scr ews and smal l  
machi ne scr ews f or  mount i ng.   Do not  mount  swi t ches i n an i naccessi bl e 
l ocat i on or  wher e t he passageway t o t he swi t ch may become obst r uct ed.   
Mount i ng hei ght  5 f eet  above f l oor  l evel ,  when possi bl e.

3. 2. 4   Wi r i ng Devi ces

3. 2. 4. 1   Wal l  Swi t ches and Recept acl es

I nst al l  wal l  swi t ches and r ecept acl es so t hat  when devi ce pl at es ar e 
appl i ed,  t he pl at es ar e al i gned ver t i cal l y  t o wi t hi n 1/ 16 i nch.

Bond gr ound t er mi nal  of  each f l ush- mount ed r ecept acl e t o t he out l et  box 
wi t h an appr oved gr een bondi ng j umper  when used wi t h dr y wal l  t ype 
construction.
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3. 2. 4. 2   Devi ce Pl at es

Ensur e devi ce pl at es f or  swi t ches ar e sui t abl y engr aved wi t h a descr i pt i on 
of  t he l oads when not  wi t hi n s i ght  of  t he l oads cont r ol l ed.

Mar k devi ce pl at es and r ecept acl e cover  pl at es f or  r ecept acl es ot her  t han 
125- vol t ,  s i ngl e- phase,  dupl ex,  conveni ence out l et s.   Show t he c i r cui t  
number ,  vol t age,  f r equency,  phasi ng,  and amper age avai l abl e at  t he 
r ecept acl e.   Use sel f - adhesi ve l abel s havi ng 1/ 4 i nch embossed l et t er s.

Si mi l ar l y mar k devi ce pl at es f or  conveni ence out l et s i ndi cat i ng t he suppl y 
panel  and ci r cui t  number .

3. 2. 5   Boxes and Fi t t i ngs

Pr ovi de pul l boxes wher e necessar y i n t he condui t  syst em t o f aci l i t at e 
conduct or  i nst al l at i on.   For  condui t  r uns l onger  t han 100 f eet  or  wi t h mor e 
t han t hr ee r i ght - angl e bends,  i nst al l  a pul l box at  a conveni ent  
i nt er medi at e l ocat i on.

Secur el y mount  boxes and encl osur es t o t he bui l di ng st r uct ur e usi ng 
suppor t s t hat  ar e i ndependent  of  t he condui t  ent er i ng or  l eavi ng t he boxes.

Sel ect  t he mount i ng hei ght  of  wal l - mount ed out l et  and swi t ch boxes,  as 
measur ed bet ween t he bot t om of  t he box and t he f i ni shed f l oor ,  i n 
accor dance wi t h I CC/ ANSI  A117. 1 and as f ol l ows:

LOCATION MOUNTI NG HEI GHT
(inches)

Recept acl es i n of f i ces 18

Recept acl es i n cor r i dor s 18

Recept acl es i n shops and l abor at or i es 48

Recept acl es i n r est  r ooms 48

Swi t ches f or  l i ght  cont r ol 48

3. 2. 6   Lamps and Li ght i ng Fi xt ur es

I nst al l  new l amps of  t he pr oper  t ype and wat t age i n each f i x t ur e.   Secur el y 
f ast en f i x t ur es and suppor t s t o st r uct ur al  member s and i nst al l  par al l el  and 
per pendi cul ar  t o maj or  axes of  st r uct ur es.

3. 2. 7   Panelboards

Secur el y mount  panel boar ds so t hat  t he t op oper at i ng handl e does not  exceed 
72-inches  above t he f i ni shed f l oor .   Do not  mount  equi pment  wi t hi n 36- i nches
 of  t he f r ont  of  t he panel .   Ensur e di r ect or y car d i nf or mat i on i s compl et e 
and l egi bl e.

3. 2. 8   Dr y- Type Di st r i but i on Tr ansf or mer s

Connect  dr y- t ype t r ansf or mer s wi t h f l exi bl e met al l i c  condui t .
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3. 2. 9   Fi el d Fabr i cat ed Namepl at es

Ensur e namepl at es conf or m t o ASTM D709.   Pr ovi de l ami nat ed pl ast i c 
namepl at es f or  each equi pment  encl osur e,  r el ay,  swi t ch,  and devi ce,  as 
speci f i ed or  as i ndi cat ed on t he dr awi ngs.   Each namepl at e i nscr i pt i on 
i dent i f i es t he f unct i on and,  when appl i cabl e,  t he posi t i on.   Pr ovi de 
namepl at es t hat  ar e mel ami ne pl ast i c,  0. 125- i nch t hi ck,  whi t e wi t h bl ack 
cent er  cor e and a mat t e f i ni sh sur f ace  wi t h squar e cor ner s.   Accur at el y 
al i gn l et t er i ng and engr ave i nt o t he cor e.   Mi ni mum si ze of  namepl at es i s  1 
by 2. 5 i nches.   Let t er i ng i s a mi ni mum of  0. 25- i nch hi gh nor mal  bl ock st y l e.

3. 2. 10   I dent i f i cat i on Pl at es and War ni ngs

Pr ovi de i dent i f i cat i on pl at es f or  l i ght i ng and power  panel boar ds,  mot or  
cont r ol  cent er s,  al l  l i ne vol t age heat i ng and vent i l at i ng cont r ol  panel s,  
f i r e det ect or  and spr i nkl er  al ar ms,  door  bel l s,  pi l ot  l i ght s,  di sconnect  
swi t ches,  manual  st ar t i ng swi t ches,  and magnet i c s t ar t er s.   At t ach 
i dent i f i cat i on pl at es t o pr ocess cont r ol  devi ces and pi l ot  l i ght s.

I nst al l  i dent i f i cat i on pl at es f or  al l  l i ne vol t age encl osed ci r cui t  
br eaker s,  i dent i f y i ng t he equi pment  ser ved,  vol t age,  phase( s)  and power  
sour ce.   For  c i r cui t s 480 vol t s and above,  i nst al l  conspi cuousl y l ocat ed 
war ni ng s i gns i n accor dance wi t h OSHA r equi r ement s.

3. 2. 11   Post ed Oper at i ng I nst r uct i ons

Pr i nt  or  engr ave oper at i ng i nst r uct i ons and f r ame under  gl ass or  i n 
appr oved l ami nat ed pl ast i c.   Post  i nst r uct i ons wher e di r ect ed.   For  
oper at i ng i nst r uct i ons exposed t o t he weat her ,  pr ovi de weat her - r esi st ant  
mat er i al s or  weat her pr oof  encl osur es.   Ensur e oper at i ng i nst r uct i ons do not  
f ade when exposed t o sunl i ght .   Secur e i nst r uct i ons t o pr event  easy r emoval  
or  peel i ng.

Ensur e each syst em and pr i nci pal  i t em of  equi pment  i s  as speci f i ed i n t he 
t echni cal  sect i ons f or  use by oper at i on and mai nt enance per sonnel .   I ncl ude 
t he f ol l owi ng i nf or mat i on wi t h t he oper at i ng i nst r uct i ons:

a.   Wi r i ng di agr ams,  cont r ol  di agr ams,  and cont r ol  sequence f or  each 
pr i nci pal  syst em and i t em of  equi pment .

b.   St ar t  up,  pr oper  adj ust ment ,  oper at i ng,  l ubr i cat i on,  and shut down 
procedures.

c.   Saf et y pr ecaut i ons.

d.   The pr ocedur e i n t he event  of  equi pment  f ai l ur e.

e.   Ot her  i t ems of  i nst r uct i on as r ecommended by t he manuf act ur er .

3. 3   FI ELD QUALI TY CONTROL

Af t er  compl et i on of  t he i nst al l at i on and spl i c i ng,  and pr i or  t o ener gi z i ng 
t he conduct or s,  per f or m  wi r e and cabl e cont i nui t y  and i nsul at i on t est s as 
her ei n speci f i ed bef or e t he conduct or s ar e ener gi zed.

Pr ovi de al l  necessar y t est  equi pment ,  l abor ,  and per sonnel  t o per f or m t he 
t est s,  as her ei n speci f i ed.

I sol at e compl et el y al l  wi r e and cabl e f r om al l  ext r aneous el ect r i cal  
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connect i ons at  cabl e t er mi nat i ons and j oi nt s.   Use subst at i on and 
swi t chboar d f eeder  br eaker s,  di sconnect s i n combi nat i on mot or  st ar t er s,  
c i r cui t  br eaker s i n panel  boar ds,  and ot her  di sconnect i ng devi ces t o 
i sol at e t he c i r cui t s under  t est .

Perform i nsul at i on- r esi st ance t est  on each f i el d- i nst al l ed conduct or  wi t h 
r espect  t o gr ound and adj acent  conduct or s.   Appl i ed pot ent i al  i s  500 vol t s 
dc f or  300 vol t  r at ed cabl e and 1000 vol t s dc f or  600 vol t  r at ed cabl e.   
Take r eadi ngs af t er  1 mi nut e and unt i l  t he r eadi ng i s const ant  f or  15 
seconds.   Mi ni mum i nsul at i on- r esi st ance val ues i s not  l ess t han 25 Megohms 
f or  300 vol t  r at ed cabl e and 100 Megohms f or  600 vol t  r at ed cabl e.   For  
c i r cui t s wi t h conduct or  s i zes AWG No.  8 and smal l er  i nsul at i on r esi st ance 
t est i ng i s not  r equi r ed.

Perform cont i nui t y t est  t o i nsur e cor r ect  cabl e connect i on end- t o- end ( i . e 
cor r ect  phase conduct or ,  gr ounded conduct or ,  and gr oundi ng conduct or  
wi r i ng) .   Repai r  and ver i f y any damages t o exi st i ng or  new el ect r i cal  
equi pment  r esul t i ng f r om mi s- wi r i ng.   Recei ve appr oval  f or  al l  r epai r s f r om 
t he Cont r act i ng Of f i cer  pr i or  t o commencement  of  t he r epai r .

Conduct phase- r ot at i on t est s on al l  t hr ee- phase ci r cui t s usi ng a 
phase- r ot at i on i ndi cat i ng i nst r ument .   Per f or m phase r ot at i on of  el ect r i cal  
connect i ons t o connect ed equi pment  i n a c l ockwi se di r ect i on,  f aci ng t he 
source.

Submi t  t est  r epor t s i n accor dance wi t h r ef er enced st andar ds i n t hi s  sect i on.

Fi nal  accept ance r equi r es t he successf ul  per f or mance of  wi r e and cabl e 
under  t est .   Do not  ener gi ze any conduct or  unt i l  t he f i nal  t est  r epor t s ar e 
r evi ewed and appr oved by t he Cont r act i ng Of f i cer .

        - -  End of  Sect i on - -
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SECTI ON 26 05 48. 00 10

SEI SMI C PROTECTI ON FOR ELECTRI CAL EQUI PMENT
10/07

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 325 ( 2011)  St eel  Const r uct i on Manual

ASTM I NTERNATI ONAL ( ASTM)

ASTM E580/ E580M ( 2014)  Appl i cat i on of  Cei l i ng Suspensi on 
Syst ems f or  Acoust i cal  Ti l e and Lay- I n 
Panel s i n Ar eas Requi r i ng Moder at e Sei smi c 
Restraint

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 310- 04 ( 2013)  Sei smi c Desi gn f or  Bui l di ngs

UNDERWRI TERS LABORATORI ES ( UL)

UL 1598 ( 2008;  Repr i nt  Oct  2012)  Lumi nai r es

1. 2   SYSTEM DESCRI PTI ON

1. 2. 1   Gener al  Requi r ement s

The r equi r ement s f or  sei smi c pr ot ect i on measur es descr i bed i n t hi s sect i on 
shal l  be appl i ed t o t he el ect r i cal  equi pment  and syst ems l i s t ed bel ow.   
St r uct ur al  r equi r ement s shal l  be i n accor dance wi t h Sect i on 13 48 00 
SEI SMI C PROTECTI ON FOR MI SCELLANEOUS EQUI PMENT.

1. 2. 2   El ect r i cal  Equi pment

El ect r i cal  equi pment  shal l  i ncl ude t he f ol l owi ng i t ems t o t he ext ent  
r equi r ed on t he dr awi ngs or  i n ot her  sect i ons of  t hese speci f i cat i ons:

Ai r  Handl i ng Uni t s

Pumps wi t h Mot or s

Li ght  Fi xt ur es

Transformers
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Swi t chboar ds ( Fl oor  Mount ed)

1. 2. 3   El ect r i cal  Syst ems

The f ol l owi ng el ect r i cal  syst ems shal l  be i nst al l ed as r equi r ed on t he 
dr awi ngs and ot her  sect i ons of  t hese speci f i cat i ons and shal l  be 
sei smi cal l y pr ot ect ed i n accor dance wi t h t hi s speci f i cat i on:  l i s t ed i n 
1.2.2.  

1. 2. 4   Cont r act or  Desi gned Br aci ng

Submi t  copi es of  t he Desi gn Cal cul at i ons wi t h t he Dr awi ngs.   Cal cul at i ons 
shal l  be appr oved,  cer t i f i ed,  st amped and si gned by a Regi st er ed 
Pr of essi onal  Engi neer .   Cal cul at i ons shal l  ver i f y t he capabi l i t y  of  
st r uct ur al  member s t o whi ch br aci ng i s at t ached f or  car r y i ng t he l oad f r om 
t he br ace.   Desi gn t he br aci ng i n accor dance wi t h UFC 3- 310- 04 and 
addi t i onal  dat a f ur ni shed by t he Cont r act i ng Of f i cer .   Resi st ance t o 
l at er al  f or ces i nduced by ear t hquakes shal l  be accompl i shed wi t hout  
consi der at i on of  f r i c t i on r esul t i ng f r om gr avi t y l oads.   UFC 3- 310- 04 uses 
par amet er s f or  t he bui l di ng,  not  f or  t he equi pment  i n t he bui l di ng;  
t her ef or e,  cor r espondi ng adj ust ment s t o t he f or mul as shal l  be r equi r ed.   
Loadi ngs det er mi ned usi ng UFC 3- 310- 04 ar e based on st r engt h desi gn;  
therefore, AI SC 325 shal l  be used f or  t he desi gn.   Devel op t he br aci ng f or  
t he f ol l owi ng el ect r i cal  equi pment  and syst ems:  l i s t ed i n 1. 2. 2.  .

1. 2. 5   Condui t s Requi r i ng No Speci al  Sei smi c Rest r ai nt s

Sei smi c r est r ai nt s may be omi t t ed f r om el ect r i cal  condui t  l ess t han 2- 1/ 2 
inches  t r ade si ze .   Al l  ot her  i nt er i or  condui t ,  shal l  be sei smi cal l y 
pr ot ect ed as speci f i ed.

1. 3   EQUI PMENT REQUI REMENTS

Submi t  det ai l  dr awi ngs al ong wi t h cat al og cut s,  t empl at es,  and er ect i on and 
i nst al l at i on det ai l s ,  as appr opr i at e,  f or  t he i t ems l i s t ed.   Submi t t al s 
shal l  be compl et e i n det ai l ,  i ndi cat i ng t hi ckness,  t ype,  gr ade,  c l ass of  
met al ,  and di mensi ons;  and shal l  show const r uct i on det ai l s ,  r ei nf or cement ,  
anchor age,  and i nst al l at i on wi t h r el at i on t o t he bui l di ng const r uct i on.   
Submi t  copi es of  t he desi gn cal cul at i ons wi t h t he det ai l  dr awi ngs.   
Cal cul at i ons shal l  be st amped by a r egi st er ed engi neer  and shal l  ver i f y t he 
capabi l i t y  of  st r uct ur al  member s t o whi ch br aci ng i s at t ached f or  car r y i ng 
t he l oad f r om t he br ace.

1. 3. 1   Ri gi dl y Mount ed Equi pment

The f ol l owi ng speci f i c  i t ems of  equi pment :    t o be f ur ni shed under  t hi s 
cont r act  shal l  be const r uct ed and assembl ed t o wi t hst and t he sei smi c f or ces 
speci f i ed i n UFC 3- 310- 04.   Each i t em of  r i gi d el ect r i cal  equi pment  shal l  
be ent i r el y l ocat ed and r i gi dl y at t ached on one si de onl y of  a bui l di ng 
expansi on j oi nt .   Pi pi ng,  el ect r i cal  condui t ,  et c. ,  whi ch cr oss t he 
expansi on j oi nt  shal l  be pr ovi ded wi t h f l exi bl e j oi nt s t hat  ar e capabl e of  
accommodat i ng di spl acement s equal  t o t he f ul l  wi dt h of  t he j oi nt  i n bot h 
or t hogonal  di r ect i ons.

Engine-Generators
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Substations
Transformers
Swi t ch Boar ds and Swi t ch Gear s
Mot or  Cont r ol  Cent er s
Fr ee St andi ng El ect r i c  Mot or s

1. 4   SUBMITTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or   i nf or mat i on onl y.   When 
used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on i dent i f i es t he of f i ce 
t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment . Submi t t al s wi t h an " S"  
ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  Not ebook,  i n conf or mance t o Sect i on 
01 33 29 SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h 
Section 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Li ght i ng Fi xt ur es i n Bui l di ngs
Equi pment  Requi r ement s

SD- 03 Pr oduct  Dat a

Li ght i ng Fi xt ur es i n Bui l di ngs; G
Equi pment  Requi r ement s; G
Cont r act or  Desi gned Br aci ng; G

PART 2   PRODUCTS

2. 1   LI GHTI NG FI XTURE SUPPORTS

Li ght i ng f i x t ur es and suppor t s shal l  conf or m t o UL 1598.

2. 2   SWAY BRACI NG MATERI ALS

Sway br aci ng mat er i al s ( e. g.  r ods,  pl at es,  r ope,  angl es,  et c. )  shal l  be as 
speci f i ed i n Sect i on 13 48 00 SEI SMI C PROTECTI ON FOR MI SCELLANEOUS 
EQUIPMENT.

PART 3   EXECUTI ON

3. 1   SWAY BRACES FOR CONDUI T

Condui t  shal l  be br aced as f or  an equi val ent  wei ght  pi pe i n accor dance wi t h 
Section 13 48 00. 00 10 SEI SMI C PROTECTI ON FOR MECHANI CAL EQUI PMENT.

3. 2   LI GHTI NG FI XTURES I N BUI LDI NGS

Li ght i ng f i x t ur es and suppor t s shal l  conf or m t o t he f ol l owi ng:

3. 2. 1   Pendant  Fi xt ur es

Pendant  f i x t ur es shal l  conf or m t o t he r equi r ement s of  UFC 3- 310- 04.

3. 2. 2   Cei l i ng At t ached Fi xt ur es

3. 2. 2. 1   Recessed  LED Fixtures

Recessed LED i ndi v i dual  or  cont i nuous- r ow mount ed f i x t ur es shal l  be 
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suppor t ed by a sei smi c- r esi st ant  suspended cei l i ng suppor t  syst em bui l t  i n 
accor dance wi t h ASTM E580/ E580M.   Sei smi c pr ot ect i on f or  t he f i x t ur es shal l  
conf or m t o t he r equi r ement s of  UFC 3- 310- 04.   Recessed l i ght i ng f i x t ur es 
not  over  56 pounds i n wei ght  may be suppor t ed by and at t ached di r ect l y t o 
t he cei l i ng syst em r unner s usi ng scr ews or  bol t s,  number  and si ze as 
r equi r ed by t he sei smi c desi gn.   Fi xt ur e accessor i es,  i ncl udi ng l ouver s,  
di f f user s,  and l enses shal l  have l ock or  scr ew at t achment s.

3. 2. 2. 2   Surface-Mounted  LED Fi xt ur es

Surface-mounted  LED i ndi v i dual  or  cont i nuous- r ow f i x t ur es shal l  be 
at t ached t o a sei smi c- r esi st ant  cei l i ng suppor t  syst em bui l t  i n accor dance 
with ASTM E580/ E580M.   Sei smi c pr ot ect i on f or  t he f i x t ur es shal l  conf or m t o 
t he r equi r ement s of  UFC 3- 310- 04.

3. 2. 3   Assembl y Mount ed on Out l et  Box

A suppor t i ng assembl y,  t hat  i s  i nt ended t o be mount ed on an out l et  box,  
shal l  be desi gned t o accommodat e mount i ng f eat ur es on 4 i nch boxes,  pl ast er  
r i ngs,  and f i x t ur e st uds.

3. 2. 4   Wal l - Mount ed Emer gency Li ght  Uni t

At t achment s f or  wal l - mount ed emer gency l i ght  uni t s  shal l  be desi gned and 
secur ed f or  t he wor st  expect ed sei smi c di st ur bance at  t he s i t e.

3. 2. 5   Lat er al  For ce

St r uct ur al  r equi r ement s f or  l i ght  f i x t ur e br aci ng shal l  be i n accor dance 
wi t h Sect i on 13 48 00 SEI SMI C PROTECTI ON FOR MI SCELLANEOUS EQUI PMENT.

        - -  End of  Sect i on - -
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SECTION 26 20 00

INTERIOR DISTRIBUTION SYSTEM
02/14

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B1 (2013) Standard Specification for 
Hard-Drawn Copper Wire

ASTM B8 (2011) Standard Specification for 
Concentric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft

ASTM D709 (2013) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS ( IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE 81 (2012) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015) National Electrical Safety Code

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C80.1 (2005) American National Standard for 
Electrical Rigid Steel Conduit (ERSC)

ANSI C80.3 (2005) American National Standard for 
Electrical Metallic Tubing (EMT)

ANSI C80.5 (2005) American National Standard for 
Electrical Rigid Aluminum Conduit

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA FU 1 (2012) Low Voltage Cartridge Fuses
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NEMA ICS 1 (2000; R 2015) Standard for Industrial 
Control and Systems: General Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Controllers, Contactors, and Overload 
Relays Rated 600 V

NEMA ICS 4 (2015) Terminal Blocks

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA KS 1 (2013) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 V 
Maximum)

NEMA MG 1 (2014) Motors and Generators

NEMA MG 10 (2013) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NEMA RN 1 (2005; R 2013) Polyvinyl-Chloride (PVC) 
Externally Coated Galvanized Rigid Steel 
Conduit and Intermediate Metal Conduit

NEMA ST 20 (1992; R 1997) Standard for Dry-Type 
Transformers for General Applications

NEMA TC 2 (2013) Standard for Electrical Polyvinyl 
Chloride (PVC) Conduit

NEMA TC 3 (2015) Standard for Polyvinyl Chloride 
(PVC) Fittings for Use With Rigid PVC 
Conduit and Tubing

NEMA TP 1 (2002) Guide for Determining Energy 
Efficiency for Distribution Transformers

NEMA VE 1 (2009) Standard for Metal Cable Tray 
Systems

NEMA WD 1 (1999; R 2005; R 2010) Standard for 
General Color Requirements for Wiring 
Devices

NEMA WD 6 (2012) Wiring Devices Dimensions 
Specifications

NEMA Z535.4 (2011) American National Standard for 
Product Safety Signs and Labels

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017 (2014; AMD 1 2013; Errata 1 2013; AMD 
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2 2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014)  National 
Electrical Code

NFPA 70E (2015; ERTA 1 2015) Standard for 
Electrical Safety in the Workplace

NFPA 780 (2014) Standard for the Installation of 
Lightning Protection Systems

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Commercial 
Building Telecommunications Cabling 
Standard

TIA-569 (2015d) Commercial Building Standard for 
Telecommunications Pathways and Spaces

TIA-607 (2011b) Generic Telecommunications Bonding 
and Grounding (Earthing) for Customer 
Premises

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION ( NARA)

29 CFR 1910.147 Control of Hazardous Energy (Lock Out/Tag 
Out)

UNDERWRITERS LABORATORIES (UL)

UL 1 (2005; Reprint Jul 2012) Standard for 
Flexible Metal Conduit

UL 1063 (2006; Reprint Jul 2012) Machine-Tool 
Wires and Cables

UL 1242 (2006; Reprint Mar 2014) Standard for 
Electrical Intermediate Metal Conduit -- 
Steel

UL 1449 (2014;Reprint Mar 2015) Surge Protective 
Devices

UL 1660 (2014) Liquid-Tight Flexible Nonmetallic 
Conduit

UL 1699 (2006; Reprint Nov 2013) Arc-Fault 
Circuit-Interrupters

UL 198M (2003; Reprint Feb 2013) Standard for 
Mine-Duty Fuses

UL 20 (2010; Reprint Feb 2012) General-Use Snap 
Switches

UL 360 (2013; Reprint Jan 2015) Liquid-Tight 
Flexible Steel Conduit

UL 4248-1 (2007; Reprint Oct 2013) UL Standard for 
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Safety Fuseholders - Part 1: General 
Requirements

UL 4248-12 (2007; Reprint Dec 2012) UL Standard for 
Safety Fuseholders - Part 12: Class R

UL 44 (2014; Reprint Feb 2015) 
Thermoset-Insulated Wires and Cables

UL 467 (2007) Grounding and Bonding Equipment

UL 486A-486B (2013; Reprint Feb 2014) Wire Connectors

UL 486C (2013; Reprint Feb 2014) Splicing Wire 
Connectors

UL 489 (2013; Reprint Mar 2014) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 498 (2012; Reprint Oct 2014) Attachment Plugs 
and Receptacles

UL 5 (2011) Surface Metal Raceways and Fittings

UL 50 (2007; Reprint Apr 2012) Enclosures for 
Electrical Equipment, Non-environmental 
Considerations

UL 506 (2008; Reprint Oct 2013) Specialty 
Transformers

UL 508 (1999; Reprint Oct 2013) Industrial 
Control Equipment

UL 510 (2005; Reprint Jul 2013) Polyvinyl 
Chloride, Polyethylene and Rubber 
Insulating Tape

UL 514A (2013) Metallic Outlet Boxes

UL 514B (2012; Reprint Nov 2014) Conduit, Tubing 
and Cable Fittings

UL 514C (2014; Reprint Dec 2014) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 5A (2015) Nonmetallic Surface Raceways and 
Fittings

UL 6 (2007; Reprint Nov 2014) Electrical Rigid 
Metal Conduit-Steel

UL 651 (2011; Reprint May 2014) Standard for 
Schedule 40 and 80 Rigid PVC Conduit and 
Fittings

UL 67 (2009; Reprint Apr 2015) Standard for 
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Panelboards

UL 6A (2008; Reprint Nov 2014) Electrical Rigid 
Metal Conduit - Aluminum, Red Brass, and 
Stainless Steel

UL 797 (2007; Reprint Dec 2012) Electrical 
Metallic Tubing -- Steel

UL 83 (2014) Thermoplastic-Insulated Wires and 
Cables

UL 869A (2006) Reference Standard for Service 
Equipment

UL 870 (2008; Reprint Feb 2013) Standard for 
Wireways, Auxiliary Gutters, and 
Associated Fittings

UL 943 (2006; Reprint Jun 2012) Ground-Fault 
Circuit-Interrupters

UL 984 (1996; Reprint Sep 2005) Hermetic 
Refrigerant Motor-Compressors

1.2   DEFINITIONS

Unless otherwise specified or indicated, electrical  and electronics terms 
used in these specifications, and on the drawings, are as defined in 
IEEE 100 .

1.3   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
submittals not having a "G" designation are [ for Contractor Quality Control 
approval] [  for information only.  When used, a designation fo llowing the 
"G" designation identifies the office that will rev iew the submittal for 
the Government ] .  Submittals with an "S" are for inclusion in the 
Sustainability Notebook, in conformance to Section 01 33 29  SUSTAINABILITY 
REPORTING.  Submit the following in accordance with  Section 01 33 00 .

SD-02 Shop Drawings

Panelboards ; G

Transformers ; G

Busway; G

Cable trays ; G

Motor control centers ; G

Include wiring diagrams and installation details of  equipment 
indicating proposed location, layout and arrangemen t, control 
panels, accessories, piping, ductwork, and other it ems that must 
be shown to ensure a coordinated installation.  Ide ntify circuit 
terminals on wiring diagrams and indicate the inter nal wiring for 
each item of equipment and the interconnection betw een each item 
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of equipment.  Indicate on the drawings adequate cl earance for 
operation, maintenance, and replacement of operatin g equipment 
devices.

Wireways ; G

[ Load centers for housing units ; G]

Marking strips  drawings; G

SD-03 Product Data

Receptacles ; G

Circuit breakers ; G

Switches ; G

Transformers ; G

Enclosed circuit breakers ; G

Motor controllers ; G

[ Combination motor controllers ; G]

[ Load centers for housing units ; G]

Manual motor starters ; G

[ Residential load centers ; G]

[ Metering ; G]

[ Meter base only ; G]

CATV outlets ; G

Telecommunications Grounding Busbar ; G

Surge protective devices ; G

Include performance and characteristic curves.

SD-06 Test Reports

600-volt wiring test ; G

Grounding system test ; G

Transformer tests ; G

Ground-fault receptacle test ; G

SD-07 Certificates

Fuses ; G

SD-09 Manufacturer's Field Reports
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Transformer factory tests

[ SD-10 Operation and Maintenance Data

Electrical Systems , Data Package 5; G

[ Metering , Data Package 5; G]

Submit operation and maintenance data in accordance  with Section 
01 78 23 , OPERATION AND MAINTENANCE DATA and as specified h erein.

] 1.4   QUALITY ASSURANCE

1.4.1   Fuses

Submit coordination data as specified in paragraph,  FUSES of this section.

1.4.2   Regulatory Requirements

In each of the publications referred to herein, con sider the advisory 
provisions to be mandatory, as though the word, "sh all" or "must" had been 
substituted for "should" wherever it appears.  Inte rpret references in 
these publications to the "authority having jurisdi ction," or words of 
similar meaning, to mean the Contracting Officer.  Provide equipment, 
materials, installation, and workmanship in accorda nce with the mandatory 
and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.4.3   Standard Products

Provide materials and equipment that are products o f manufacturers 
regularly engaged in the production of such product s which are of equal 
material, design and workmanship and:

a.  Have been in satisfactory commercial or industr ial use for 2 years 
prior to bid opening including applications of equi pment and materials 
under similar circumstances and of similar size.  

b.  Have been on sale on the commercial market thro ugh advertisements, 
manufacturers' catalogs, or brochures during the 2- year period.

c.  Where two or more items of the same class of eq uipment are required, 
provide products of a single manufacturer; however,  the component parts 
of the item need not be the products of the same ma nufacturer unless 
stated in this section.

1.4.3.1   Alternative Qualifications

Products having less than a 2-year field service re cord will be acceptable 
if a certified record of satisfactory field operati on for not less than 
6000 hours, exclusive of the manufacturers' factory  or laboratory tests, is 
furnished.

1.4.3.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to da te of delivery to site 
are not acceptable.
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1.5   MAINTENANCE

[ 1.5.1   Electrical Systems

Submit operation and maintenance manuals for electr ical systems that 
provide basic data relating to the design, operatio n, and maintenance of 
the electrical distribution system for the building .  Include the following:

a.  Single line diagram of the "as-built" building electrical system.

b.  Schematic diagram of electrical control system (other than HVAC, 
covered elsewhere).

c.  Manufacturers' operating and maintenance manual s on active electrical 
equipment.

] 1.6   WARRANTY

Provide equipment items  supported by service organ izations that are 
reasonably convenient to the equipment installation  in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

[ 1.7   SEISMIC REQUIREMENTS

Provide seismic details [  conforming to [ Section 13 48 00 , SEISMIC 
PROTECTION FOR MISCELLANEOUS EQUIPMENT][ and to] [  Section 26 05 48.00 10 , 
SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT]][ as indicated] .

] PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

As a minimum, meet requirements of UL, where UL sta ndards are established 
for those items, and requirements of NFPA 70  for all materials, equipment, 
and devices.

2.2   CONDUIT AND FITTINGS

Conform to the following:

2.2.1   Rigid Metallic Conduit

2.2.1.1   Rigid, Threaded Zinc-Coated Steel Conduit

ANSI C80.1 , UL 6 .

2.2.1.2   Rigid Aluminum Conduit

ANSI C80.5 , UL 6A .

2.2.2   Rigid Nonmetallic Conduit

PVC Type EPC-40 [, and EPC-80]  in accordance with NEMA TC 2, UL 651 [, or 
fiberglass conduit, in accordance with NEMA TC 14] .

2.2.3   Intermediate Metal Conduit (IMC)

UL 1242 , zinc-coated steel only.
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2.2.4   Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

UL 797 , ANSI C80.3 .

2.2.5   Plastic-Coated Rigid Steel and IMC Conduit

NEMA RN 1, Type 40(  40 mils  thick).

2.2.6   Flexible Metal Conduit

UL 1 .

2.2.6.1   Liquid-Tight Flexible Metal Conduit, Steel

UL 360 .

2.2.7   Fittings for Metal Conduit, EMT, and Flexible Metal  Conduit

UL 514B .  Ferrous fittings:  cadmium- or zinc-coated in ac cordance with 
UL 514B .

2.2.7.1   Fittings for Rigid Metal Conduit and IMC

Threaded-type.  Split couplings unacceptable.

2.2.7.2   Fittings for EMT

[ Die Cast  or ] [ Steel ] compression type.

2.2.8   Fittings for Rigid Nonmetallic Conduit

NEMA TC 3 for PVC [ and NEMA TC 14 for fiberglass] , and UL 514B .

2.2.9   Liquid-Tight Flexible Nonmetallic Conduit

UL 1660 .

2.3   SURFACE RACEWAY

2.3.1   Surface Metal Raceway

UL 5 , two-piece painted steel, totally enclosed, snap-c over type. [  Provide 
multiple outlet-type raceway with grounding-type re ceptacle where 
indicated.  Provide receptacles as specified herein , spaced a minimum of 
one every  [18] [_____] inches .][  Wire alternate receptacles on different 
circuits.]

2.3.2   Surface Nonmetallic Raceway

UL 5A , nonmetallic totally enclosed, snap-cover type. [  Provide multiple 
outlet-type raceway with grounding-type receptacle where indicated.  
PProvide receptacles as specified herein, spaced a minimum of one every  
[18] [_____] inches .][  Wire alternate receptacles on different circui ts.]

2.4   BUSWAY

NEMA BU 1.1 , UL 857 .  Provide the following:
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a.  Buses:  [ copper][ or][ aluminum].

b.  Busways:  rated [_____] volts, [_____] continuo us current amperes, 
three-phase,[ three-][ four-]wire, and include inte gral or internal[ 
50-percent] ground bus.

c.  Short circuit rating:  [ [_____] root mean squa re (rms) symmetrical 
amperes minimum][ as indicated].

[ d.  Busway systems:  suitable for use indoors.

] e.  Enclosures:  [ steel][ aluminum] [ metallic].  

f.  Hardware:  plated or otherwise protected to res ist corrosion.  

g.  Joints:  one-bolt type with through-bolts, whic h can be checked for 
tightness without deenergizing system.  

h.  Maximum hot spot temperature rise at any point in busway at continuous 
rated load:  do not exceed 55 degrees C above maxim um ambient 
temperature of 40 degrees C in any position. 

i.  Internal barriers to prevent movement of superh eated gases. 

j.  Coordinate proper voltage phasing of entire bus  duct system, for 
example where busway interfaces with transformers, switchgear, 
switchboards, motor control centers, and other syst em components.

2.4.1   Feeder Busways

Provide[ ventilated, except that vertical busways w ithin  6 feet  of floors 
must be unventilated,][ unventilated, totally enclo sed] low-impedance 
busway.  Provide bus bars fully covered with insula ting material, except at 
stabs.  Provide an entirely polarized busway system .

2.4.2   Plug-In Busways

Unventilated type.  Provide the following:

a.  Plug-in units:  [ fusible, handle-operated, swi tch type, 
horsepower-rated][ circuit breaker-type][ handle-op erated, switch type, 
equipped with high interrupting-capacity, current-l imiting fuses].  

b.  Bus bars:  covered with insulating material thr oughout, except at 
joints and other connection points. 

[ c.  A hook stick of suitable length for operating p lug-in units from the 
floor.

] 2.4   CABLE TRAYS

NEMA VE 1.  Provide the following:

a.  Cable trays:  form a wireway system, with a nom inal [  [3] [4] [6] inch ]  
depth [  as indicated ] .  

b.  Cable trays:  constructed of [ aluminum] [ copper-free aluminum] [  steel 
that has been zinc-coated after fabrication ] .  
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c.  Cable trays:  include splice and end plates, dr opouts, and 
miscellaneous hardware.  

d.  Edges, fittings, and hardware: finished free fr om burrs and sharp 
edges.  

e.  Fittings:  ensure not less than load-carrying a bility of straight tray 
sections and have manufacturer's minimum standard r adius.

[ f.  Radius of bends  [12] [24] [36] inches .][  Radius of bends:  3' or as 
indicated.

] 2.4.1   Basket-Type Cable Trays

Provide [  size as indicated ][ of nominal [ 2,][ 4,][ 6,][ 8,][ 12,][ 18,][ 
and][ 24] inch  width and [ 1,][ 2,][ and][ 4] inch  depth]  with maximum wire 
mesh spacing of  2 by 4 inch .

2.4.2   Trough-Type Cable Trays

Provide [  size as indicated ][ of nominal  [6] [12] [18] [24] [30] [36] inch  
width] .

2.4.3   Ladder-Type Cable Trays

Provide [  size as indicated ][ of nominal  [6] [12] [18] [24] [30] [36] inch  
width]  with maximum rung spacing of  [6] [9] [ 12]  [18] inches .

2.4.4   Channel-Type Cable Trays

Provide [  size as indicated ][ of nominal  [3] [4] [6] inch  width] .  Provide 
trays with one-piece construction having slots spac ed not more than  4 1/2 
inches  on centers.

2.4.5   Solid Bottom-Type Cable Trays

Provide [  size as indicated ][ of nominal  [6][12][18][24][30][36] inch  width] .  
[Provide solid covers.] [ Do not provide solid covers. ]

2.4.6   [ Cantilever

Cantilever-type, center-hung cable trays may be pro vided at the 
Contractor's option in lieu of other cable tray typ es specified.

] [ 2.5   OPEN TELECOMMUNICATIONS CABLE SUPPORT

2.5.1   Open Top Cable Supports

Provide open top cable supports in accordance with UL 2043 .  Provide [[ 
galvanized][ zinc-coated][ stainless] steel]open to p cable supports[ as 
indicated].

2.5.2   Closed Ring Cable Supports

Provide closed ring cable supports in accordance wi th UL 2043 .  Provide [[ 
galvanized][ zinc-coated][ stainless] steel]closed ring cable supports[ as 
indicated].
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] 2.5   OUTLET BOXES AND COVERS

UL 514A , cadmium- or zinc-coated, if ferrous metal.  UL 514C , if 
nonmetallic.

2.5.1   Floor Outlet Boxes

Provide the following:  

a.  Boxes:  [ adjustable][ nonadjustable ]  and concrete tight.  

b.  Each outlet:  consisting of [ nonmetallic] [  or] [  cast-metal ]  body with 
threaded openings, [  or sheet-steel body with knockouts ]  for conduits, [  
adjustable ][, ] [ brass flange]  ring, and cover plate with  [3/4] [1] [ 1 
1/4 ][2 1/8]  inch  threaded plug.

c.  Telecommunications outlets:  consisting of [ surface-mounted, horizontal]
[  flush ] , aluminum or stainless steel housing with a recept acle as 
specified and [  1 inch  bushed side opening ][  3/4 inch  top opening] .  

d.  Receptacle outlets:  consisting of [ surface-mounted, horizontal] [  flush ]
 aluminum or stainless steel housing with duplex-ty pe receptacle as 
specified herein.  

e.  Provide gaskets where necessary to ensure water tight installation.

[ f.  Provide plugs with installation instructions to  the Contracting Officer 
for [5] [_____] percent of outlet boxes for the cap ping of outlets upon 
removal of service fittings.

] 2.5.2   Outlet Boxes for Telecommunications System

Provide the following:

a.  Standard type [ 4 inches square by 2 1/8 inches deep] [  4 11/16 inches 
square by 2 1/8 inches deep ] .

[ b.  Outlet boxes for wall-mounted telecommunication s outlets:   4 by 2 1/8 
by 2 1/8 inches  deep.

] c.  Depth of boxes:  large enough to allow manufact urers' recommended 
conductor bend radii.

[ d.  Outlet boxes for fiber optic telecommunication outlets:  include a 
minimum  3/8 inch  deep single or two gang plaster ring as shown and 
installed using a minimum  1 inch  conduit system.

][ e.  Outlet boxes for handicapped telecommunications  station:  4 by 2 1/8 by 
2 1/8 inches  deep.

] [ 2.5.3   Clock Outlet for Use in Other Than Wired Clock Syst em

Provide the following:

a.  Outlet box with plastic cover, where required, and single receptacle 
with clock outlet plate.

b.  Receptacle:  recessed sufficiently within box t o allow complete 
insertion of standard cap, flush with plate.  
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c.  Suitable clip or support for hanging clock:  se cured to top plate.

d.  Material and finish of plate:  as specified in paragraph DEVICE PLATES 
of this section.

] 2.6   CABINETS, JUNCTION BOXES, AND PULL BOXES

Volume greater than  100 cubic inches , UL 50 , hot-dip, zinc-coated, if sheet 
steel.

2.7   WIRES AND CABLES

Provide wires and cables in accordance applicable r equirements of NFPA 70  
and UL for type of insulation, jacket, and conducto r specified or 
indicated.  Do not use wires and cables manufacture d more than 12 months 
prior to date of delivery to site.

2.7.1   Conductors

Provide the following:

a.  Conductor sizes and capacities shown are based on copper, unless 
indicated otherwise.

b.  Conductors No. 8 AWG and larger diameter:  stra nded.

c.  Conductors No. 10 AWG and smaller diameter:  so lid.

d.  Conductors for remote control, alarm, and signa l circuits, classes 1, 
2, and 3:  stranded unless specifically indicated o therwise.

[ e.  All conductors:  copper. ][  Conductors indicated to be No. 6 AWG or 
smaller diameter:  copper.  Conductors indicated to  be No. 4 AWG and 
larger diameter:  either copper or aluminum, unless  type of conductor 
material is specifically indicated, or specified, o r required by 
equipment manufacturer.

] [ 2.7.1.1   Equipment Manufacturer Requirements
 

When manufacturer's equipment requires copper condu ctors at the 
terminations or requires copper conductors to be pr ovided between 
components of equipment, provide copper conductors or splices, splice 
boxes, and other work required to satisfy manufactu rer's requirements.

] 2.7.1.2   Aluminum Conductors

Provide aluminum conductors of AA-8000 series elect rical grade aluminum 
alloy conductors.  Type EC/1350 aluminum is not acc eptable.  If Contractor 
choosees to provide aluminum for conductors No. 4 A WG and larger diameter, 
Contractor is responsible for increasing conductor size to have same 
ampacity as copper size indicated; increasing condu it and pull box sizes to 
accommodate larger size aluminum conductors in acco rdance with NFPA 70 ; 
ensuring that pulling tension rating of aluminum co nductor is sufficient; 
providing panelboards[ and motor control centers] t hat are UL listed for 
use with aluminum, and so labeled; relocating equip ment, modifying 
equipment terminations, resizing equipment; and res olving problems that are 
direct results of providing aluminum conductors in lieu of copper.
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2.7.1.1   Minimum Conductor Sizes

Provide minimum conductor size in accordance with t he following:

a.  Branch circuits:  No. 12 AWG. 

b.  Class 1 remote-control and signal circuits:  No . 14 AWG.

c.  Class 2 low-energy, remote-control and signal c ircuits:  No. 16 AWG. 

d.  Class 3 low-energy, remote-control, alarm and s ignal circuits:  No. 22 
AWG.

2.7.2   Color Coding

Provide color coding for service, feeder, branch, c ontrol, and signaling 
circuit conductors.  

2.7.2.1   Ground and Neutral Conductors

Provide color coding of ground and neutral conducto rs as follows:

a.  Grounding conductors:  Green.

b.  Neutral conductors:  White.

c.  Exception, where neutrals of more than one syst em are installed in same 
raceway or box, other neutrals color coding:  white  with a different 
colored (not green) stripe for each.

2.7.2.2   Ungrounded Conductors

Provide color coding of ungrounded conductors in di fferent voltage systems 
as follows:

a.  208/120 volt, three-phase

(1)  Phase A - black

(2)  Phase B - red

(3)  Phase C - blue

b.  480/277 volt, three-phase

(1)  Phase A - brown

(2)  Phase B - orange

(3)  Phase C - yellow

c.  120/240 volt, single phase:  Black and red

[ d.  On three-phase, four-wire delta system, high le g:  orange, as required 
by NFPA 70 .

] 2.7.3   Insulation

Unless specified or indicated otherwise or required  by NFPA 70 , provide 
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power and lighting wires rated for 600-volts, [  Type THWN/THHN conforming to 
UL 83 ][ or] [ Type[ XHHW][ or][ RHW] conforming to UL 44 ] , except that 
grounding wire may be type TW conforming to UL 83 ; remote-control and 
signal circuits:  Type TW or TF, conforming to UL 83 .  Where lighting 
fixtures require 90-degree Centigrade (C) conductor s, provide only 
conductors with 90-degree C insulation or better.

2.7.4   Bonding Conductors

ASTM B1, solid bare copper wire for sizes No. 8 AWG and sm aller diameter; 
ASTM B8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger 
diameter.

2.7.4.1   Telecommunications Bonding Backbone (TBB)

Provide a copper conductor TBB in accordance with TIA-607  with No. 6 AWG 
minimum size, and sized at 2 kcmil per linear foot of conductor length up 
to a maximum size of 3/0 AWG. [  Provide insulated TBB with insulation as 
specified in the paragraph INSULATION and meeting t he fire ratings of its 
pathway.]

2.7.4.2   Bonding Conductor for Telecommunications

Provide a copper conductor Bonding Conductor for Te lecommunications between 
the telecommunications main grounding busbar (TMGB)  and the electrical 
service ground in accordance with TIA-607 .  Size the bonding conductor for 
telecommunications the same as the TBB.

[ 2.7.5   Service Entrance Cables

Service Entrance (SE) and Underground Service Entra nce (USE) Cables, UL 854 .

][ 2.7.6   Nonmetallic Sheathed Cable

UL 719 , Type NM or NMC.

][ 2.7.5   Wire and Cable for 400 Hertz (Hz) Circuits

Insulated copper conductors.

][ 2.7.6   Metal-Clad Cable

UL 1569 ; NFPA 70 , Type MC cable.

][ 2.7.7   Armored Cable

UL 4 ; NFPA 70 , Type AC cable.

][ 2.7.8   Mineral-Insulated, Metal-Sheathed Cable

UL listed; NFPA 70 , Type MI cable.  Do not use sheathing containing 
asbestos fibers.

][ 2.7.9   Flat Conductor Cable

UL listed; NFPA 70 , Type FCC.
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][ 2.7.10   Cable Tray Cable or Power Limited Tray Cable

UL listed; type TC or PLTC.

][ 2.7.11   Cord Sets and Power-Supply Cords

UL 817 .

] 2.8   SPLICES AND TERMINATION COMPONENTS

UL 486A-486B  for wire connectors and UL 510  for insulating tapes.  
Connectors for No. 10 AWG and smaller diameter wire s:  insulated, 
pressure-type in accordance with UL 486A-486B  or UL 486C  (twist-on splicing 
connector).  Provide solderless terminal lugs on st randed conductors.

2.9   DEVICE PLATES

Provide the following:

a.  UL listed, one-piece device plates for outlets to suit the devices 
installed.

b.  For metal outlet boxes, plates on unfinished wa lls:  zinc-coated sheet 
steel or cast metal having round or beveled edges.  

c.  For nonmetallic boxes and fittings, other suita ble plates may be 
provided.

[ d.  Plates on finished walls:  nylon or lexan, mini mum 0.03 inch  wall 
thickness and same color as receptacle or toggle sw itch with which they 
are mounted.

][ e.  Plates on finished walls:  satin finish stainle ss steel or 
brushed-finish aluminum, minimum  0.03 inch  thick.

] f.  Screws:  machine-type with countersunk heads in  color to match finish 
of plate.

g.  Sectional type device plates are not be permitt ed.

h.  Plates installed in wet locations:  gasketed an d UL listed for "wet 
locations."

[ i.  Device plates in areas normally accessible to p risoners:  brown or 
ivory finish nylon-device plates rated for high abu se.  Test device 
plates for compliance with UL 514A  and UL 514C  for physical strength.  
Attach device plates with spanner head bolts.

] 2.10   SWITCHES

2.10.1   Toggle Switches

NEMA WD 1,  UL 20 , [  single pole ][, double pole] [, three-way] [, and four-way] , 
totally enclosed with bodies of thermoplastic or th ermoset plastic and 
mounting strap with grounding screw.  Include the f ollowing:

a.  Handles:  [ white][ ivory ][ brown]  thermoplastic.

b.  Wiring terminals:  screw-type, side-wired [  or of the solderless 
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pressure type having suitable conductor-release arr angement ] .

c.  Contacts:  silver-cadmium and contact arm - one -piece copper alloy.

d.  Switches:  rated quiet-type ac only, 120/277 vo lts, with current rating 
and number of poles indicated.

2.10.2   Switch with Red Pilot Handle

NEMA WD 1.  Provide the following:

a.  Pilot lights that are integrally constructed as  a part of the switch's 
handle.

b.  Pilot light color:  red and illuminate whenever  the switch is closed or 
"on".

c.  Pilot lighted switch:  rated 20 amps and 120 vo lts or 277 volts as 
indicated.

d.  The circuit's neutral conductor to each switch with a pilot light.

2.10.3   Breakers Used as Switches

For 120- and 277-Volt LEDfluorescent  fixtures, mark breakers "SWD" in 
accordance with UL 489 .

2.10.4   Disconnect Switches

NEMA KS 1.  Provide heavy duty-type switches where indicated , where 
switches are rated higher than 240 volts, and for d ouble-throw switches.  
Utilize Class R fuseholders and fuses for fused swi tches, unless indicated 
otherwise.  Provide horsepower rated for switches s erving as the 
motor-disconnect means.  Provide switches in NEMA [  1 ][ 3R]  [_____] , 
enclosure [  as indicated ]  per NEMA ICS 6 .

2.11   FUSES

NEMA FU 1.  Provide complete set of fuses for each fusible [  switch ][ panel]
[ and  control center] .  Coordinate time-current characteristics curves o f 
fuses serving motors or connected in series with ci rcuit breakers [ or other 
circuit protective devices]  for proper operation. Submit coordination data 
for approval.  Provide fuses with a voltage rating not less than circuit 
voltage.

2.11.1   Fuseholders

Provide in accordance with UL 4248-1 .

2.11.2   Cartridge Fuses, Current Limiting Type (Class R)

UL 198M , Class [ RK-1] [  RK-5 ][ time-delay type] .  Provide only Class R  
associated fuseholders in accordance with UL 4248-12 .

2.11.3   Cartridge Fuses, High-Interrupting Capacity, Curren t Limiting Type 
(Classes J, L, and CC)

UL 198M , Class J for zero to 600 amperes, Class L for 601 to 6,000 amperes, 
and Class CC for zero to 30 amperes.
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2.11.4   Cartridge Fuses, Current Limiting Type (Class T)

UL 198M , Class T for zero to 1,200 amperes, 300 volts; and  zero to 800 
amperes, 600 volts.

2.12   RECEPTACLES

Provide the following:

a.  [ UL 498 , hard use (also designated heavy-duty), ][ UL 498 , hospital 
grade,]  grounding-type.

b.  Ratings and configurations:  as indicated.

c.  Bodies:  [ white][ stainless steel ivor y][ brown]  as per NEMA WD 1.

d.  Face and body:  thermoplastic supported on a me tal mounting strap.

e.  Dimensional requirements:  per NEMA WD 6.

f.  Screw-type, side-wired wiring terminals or of t he solderless pressure 
type having suitable conductor-release arrangement.

g.  Grounding pole connected to mounting strap.

h.  The receptacle:  containing triple-wipe power c ontacts and double or 
triple-wipe ground contacts.

2.12.1   Switched Duplex Receptacles

Provide separate terminals for each ungrounded pole .  Top receptacle:  
switched when installed.

2.12.2   Weatherproof Receptacles

Provide receptacles, UL listed for use in "wet loca tions".  Include cast 
metal box with gasketed, hinged, lockable and weath erproof while-in-use, 
[polycarbonate, UV resistant/stabilized] [ die-cast metal/aluminum ]  cover 
plate.  

2.12.3   Ground-Fault Circuit Interrupter Receptacles

UL 943 , duplex type for mounting in standard outlet box.  Provide device 
capable of detecting current leak of 6 milliamperes  or greater and tripping 
per requirements of UL 943  for Class A ground-fault circuit interrupter 
devices.  Provide screw-type, side-wired wiring ter minals or pre-wired 
(pigtail) leads.

2.12.4   Special Purpose Receptacles

Receptacles serving shown on drawings [_____]  are special purpose. [   Provide 
in ratings indicated. ][  NEMA [_____] configuration, rated [_____] amper es, 
[_____] volts.] [  Furnish one matching plug with each receptacle.]

2.12.5   [ Plugs

Provide heavy-duty, rubber-covered[ three-,][ four- ,][ or][ five-]wire cord 
of required size, install plugs thereon, and attach  to equipment.  Provide 
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UL listed plugs with receptacles, complete with gro unding blades.  Where 
equipment is not available, turn over plugs and cor d assemblies to the 
Government.

] 2.12.6   Range Receptacles

NEMA 14-50 configuration,[ flush mounted for housin g units,] rated 50 
amperes, 125/250 volts.[  Furnish one matching plug  with each receptacle.]

2.12.7   Dryer Receptacles

NEMA 14-30 configuration, rated 30 amperes, 125/250  volts.[  Furnish one 
matching plug with each receptacle.]

2.12.8   Tamper-Resistant Receptacles

Provide duplex receptacle with mechanical sliding s hutters that prevent the 
insertion of small objects into its contact slots.

2.13   PANELBOARDS

Provide panelboards in accordance with the followin g:

[ a.  UL 67  and UL 50  having a short-circuit current rating [  as indicated ][ 
of 10,000 amperes symmetrical minimum] .

b.  Panelboards for use as service disconnecting me ans:  additionally 
conform to UL 869A .  

c.  Panelboards:  circuit breaker-equipped.

d.  Designed such that individual breakers can be r emoved without 
disturbing adjacent units or without loosening or r emoving supplemental 
insulation supplied as means of obtaining clearance s as required by UL.

e.  "Specific breaker placement" is required in pan elboards to match the 
breaker placement indicated in the panelboard sched ule on the drawings.

f.  Use of "Subfeed Breakers" is not acceptable unl ess specifically 
indicated otherwise.  

g.  Main breaker:  "separately" mounted [  "above" ][ or] [ "below"]  branch 
breakers.   

h.  Where "space only" is indicated, make provision s for future 
installation of breakers.  

i.  Directories:  indicate load served by each circ uit in panelboard. 

j.  Directories:  indicate source of service to pan elboard (e.g., Panel PA 
served from Panel MDP).

[ k.  Provide new directories for existing panels mod ified by this project as 
indicated.  

] l.  Type directories and mount in holder behind tra nsparent protective 
covering.

[ m.  Panelboards:  listed and labeled for their inte nded use.
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] n.  Panelboard nameplates:  provided in accordance with paragraph FIELD 
FABRICATED NAMEPLATES.

][ a.  UL 67  and UL 50 .

b.  Panelboards for use as service disconnecting:  additionally conform to 
UL 869A .

c.  Panelboards:  circuit breaker-equipped.  

d.  Designed such that individual breakers can be r emoved without 
disturbing adjacent units or without loosening or r emoving supplemental 
insulation supplied as means of obtaining clearance s as required by UL. 

e.  Where "space only" is indicated, make provision s for future 
installation of breaker sized as indicated.

f.  Directories:  indicate load served by each circ uit of panelboard.  

g.  Directories:  indicate source of service (upstr eam panel, switchboard, 
motor control center, etc.) to panelboard.  

h.  Type directories and mount in holder behind tra nsparent protective 
covering.

i.  Panelboard nameplates:  provided in accordance with paragraph FIELD 
FABRICATED NAMEPLATES.

] 2.13.1   Enclosure

Provide panelboard enclosure in accordance with the  following:

a.  UL 50 .

b.  Cabinets mounted outdoors or flush-mounted:  ho t-dipped galvanized 
after fabrication.  

c.  Cabinets:  painted in accordance with paragraph  PAINTING.

d.  Outdoor cabinets:  NEMA 3R raintight with [ conduit hubs welded to the 
cabinet][ a removable steel plate  1/4 inch  thick in the bottom for 
field drilling for conduit connections] .

e.  Front edges of cabinets:  form-flanged or fitte d with structural shapes 
welded or riveted to the sheet steel, for supportin g the panelboard 
front.

f.  All cabinets:  fabricated such that no part of any surface on the 
finished cabinet deviates from a true plane by more  than  1/8 inch .

g.  Holes:  provided in the back of indoor surface- mounted cabinets, with 
outside spacers and inside stiffeners, for mounting  the cabinets with a  
1/2 inch  clear space between the back of the cabinet and th e wall 
surface.

h.  Flush doors:  mounted on hinges that expose onl y the hinge roll to view 
when the door is closed.
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i.  Each door:  fitted with a combined catch and lo ck, except that doors 
over  24 inches  long provided with a three-point latch having a kn ob 
with a T-handle, and a cylinder lock.

j.  Keys:  two provided with each lock, with all lo cks keyed alike.

k.  Finished-head cap screws:  provided for mountin g the panelboard fronts 
on the cabinets.

2.13.2   Panelboard Buses

Support bus bars on bases independent of circuit br eakers.  Design main 
buses and back pans so that breakers may be changed  without machining, 
drilling, or tapping.  Provide isolated neutral bus  in each panel for 
connection of circuit neutral conductors.  Provide separate ground bus 
identified as equipment grounding bus per UL 67  for connecting grounding 
conductors; bond to steel cabinet. [  In addition to equipment grounding 
bus, provide second "isolated" ground bus, where in dicated.]

[ 2.13.2.1   Panelboard Neutrals for Non-Linear Loads

Provide in accordance with the following:.

a.  UL listed, with panelboard type specifically UL  heat rise tested for 
use on non-linear loads.    

b.  Panelboard:  heat rise tested in accordance wit h UL 67 , except with the 
neutral assembly installed and carrying 200 percent  of the phase bus 
current during testing.  

c.  Verification of the testing procedure:  provide d upon request.  

d.  Two neutral assemblies paralleled together with  cable is not acceptable.

e.  Nameplates for panelboard rated for use on non- linear loads:  marked 
"SUITABLE FOR NON-LINEAR LOADS" and in accordance w ith paragraph FIELD 
FABRICATED NAMEPLATES.  

f.  Provide a neutral label with instructions for w iring the neutral of 
panelboards rated for use on non-linear loads.

] 2.13.3   Circuit Breakers

UL 489 , [  thermal magnetic-type ][ solid state-type]  having a minimum 
short-circuit current rating equal to the short-cir cuit current rating of 
the panelboard in which the circuit breaker will be  mounted.  Breaker 
terminals:  UL listed as suitable for type of condu ctor provided. [  Where 
indicated on the drawings, provide circuit breakers  with shunt trip devices.
]   Series rated circuit breakers and plug-in circuit  breakers are 
unacceptable.

2.13.3.1   Multipole Breakers

Provide common trip-type with single operating hand le.  Design breaker such 
that overload in one pole automatically causes all poles to open.  Maintain 
phase sequence throughout each panel so that any th ree adjacent breaker 
poles are connected to Phases A, B, and C, respecti vely.
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2.13.3.2   Circuit Breaker With Ground-Fault Circuit Interrupt er

UL 943  and NFPA 70 .  Provide with "push-to-test" button, visible indi cation 
of tripped condition, and ability to detect and tri p on current imbalance 
of 6 milliamperes or greater per requirements of UL 943  for Class A 
ground-fault circuit interrupter.

2.13.3.3   Circuit Breakers for HVAC Equipment

Provide circuit breakers for HVAC equipment having motors (group or 
individual) marked for use with HACR type and UL li sted as HACR type.

2.13.3.4   Arc-Fault Circuit Interrupters

UL 489 , UL 1699  and NFPA 70 .  Molded case circuit breakers:  rated as 
indicated. [  Two pole arc-fault circuit-interrupters:  rated 120/240 
volts.  The provision of (two) one pole circuit bre akers for shared neutral 
circuits in lieu of (one) two pole circuit breaker is unacceptable.]   
Provide with "push-to-test" button.

[ 2.13.4   Fusible Switches for Panelboards

NEMA KS 1, hinged door-type.  Provide switches serving as mo tor disconnect 
means rated for  horsepower .

][ 2.13.4   400 Hz Panelboard and Breakers

Provide panelboards and breakers for use on 400 Hz systems rated and 
labeled "400 Hz."

] [ 2.14   RESIDENTIAL LOAD CENTERS

Provide residential load centers (RLCs) in accordan ce with the following:

a.  UL 67  and UL 50 .

b.  RLCs for use as service disconnecting means:  a dditionally conform to 
UL 869A .

c.  Circuit breaker equipped.

d.  Designed such that individual breakers can be r emoved without 
disturbing adjacent units or without loosening or r emoving supplemental 
insulation supplied as means of obtaining clearance s as required by UL.

e.  Where "space only" is indicated, make provision s for future 
installation of breakers sized as indicated.

[ f.  Provide load centers with keyed locks.

] g.  Provide printed directories.

2.14.1   RLC Buses

Support bus bars on bases independent of circuit br eakers.  Design main 
buses and back pans so that breakers may be changed  without machining, 
drilling, or tapping.  Provide isolated groundable neutral bus in each 
panel for connection of circuit neutral conductors.   Provide separate 
ground bus identified as equipment grounding bus pe r UL 67  for connecting 
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grounding conductors; bond to steel cabinet.

2.14.2   Circuit Breakers

UL 489 , thermal magnetic-type with interrupting capacity[  as indicated][ of 
10,000 minimum amperes rms symmetrical].  Breaker t erminals:  UL listed as 
suitable for the type of conductor provided.

2.14.2.1   Multipole Breakers

Provide common trip-type with single operating hand le.  Provide a breaker 
design such that overload in one pole automatically  causes all poles to 
open.  Maintain phase sequence throughout each pane l so that any two 
adjacent breaker poles are connected to alternate p hases in sequence.

[ 2.14.2.2   Circuit Breaker With Ground-Fault Circuit Interrupt er

UL 943  and NFPA 70 .  Provide with "push-to-test" button, visible indi cation 
of tripped condition, and ability to detect and tri p on current imbalance 
of 6 milliamperes or greater per requirements of UL 943  for Class A 
ground-fault circuit interrupter devices.

] 2.14.2.3   Arc-Fault Circuit-Interrupters

UL 489 , UL 1699  and NFPA 70 .  Molded case circuit breakers:  rated as 
indicated.[  Two pole arc-fault circuit-interrupter s:  rated 120/240 
volts.  The provision of (two) one pole circuit bre akers for shared neutral 
circuits in lieu of (one) two pole circuit breaker is unacceptable.]  
Provide with "push-to-test" button.

][ 2.15   LOAD CENTERS FOR HOUSING UNITS

Provide single-phase panelboards for housing units on this project in 
accordance with the following: 

a.  Load center type, circuit breaker equipped, con forming to UL 67  and 
UL 50 .

b.  Panelboards series short-circuit current rating :  22,000 amperes 
symmetrical minimum for the main breaker and the br anch breakers.  

c.  Panelboards for use as service disconnecting me ans:  additionally 
conform to UL 869A .

d.  DDesigned such that individual breakers can be removed without 
disturbing adjacent units or without loosening or r emoving supplemental 
insulation supplied as means of obtaining clearance s as required by 
UL.  

e.  "Specific breaker placement" is required in pan elboards to match the 
breaker placement indicated in the panelboard sched ule on the 
drawings.  

f.  Where "space only" is indicated, make provision s for future 
installation of breakers.  

g.  Provide cover with latching door. 

h.  Directories:  indicate load served by each circ uit in panelboard. 
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i.  Directories:  indicate source of service to pan elboard (e.g., Panel PA 
served from panel MDP). 

j.  Type directories and mount behind in holder wit h transparent protective 
covering on inside of panel door.

2.15.1   Panelboard Buses

Support bus bars on bases independent of circuit br eakers.  Design main 
buses and back pans so that breakers may be changed  without machining, 
drilling, or tapping.  Provide copper or aluminum b us bars, either tin 
plated or silver plated.  Provide isolated neutral bus in each panel for 
connection of circuit neutral conductors.  Provide separate ground bus 
identified as equipment grounding bus per UL 67  for connecting grounding 
conductors; bond to steel cabinet.

2.15.2   Circuit Breakers

UL 489  thermal magnetic type having a minimum short-circu it current rating 
equal to the short-circuit current rating of the pa nelboard in which the 
circuit breaker will be mounted.  Breaker terminals :  UL listed as suitable 
for type of conductor provided.  Half-size and tand em breakers are not 
acceptable.  Provide switch duty rated 15 and 20 am pere breakers.  Breakers 
must not require use of panel trim to secure them t o the bus.

2.15.2.1   Multipole Breakers

Provide common trip-type with single operating hand le.  Design breaker such 
that overload in one pole automatically causes all poles to open.  Maintain 
phase sequence throughout each panel so that any tw o adjacent breaker poles 
are connected to Phases A and B respectively.

2.15.2.2   Arc-Fault Circuit-Interrupters

UL 489 , UL 1699  and NFPA 70 .  Molded case circuit breakers:  rated as 
indicated.[  Two pole arc-fault circuit-interrupter s:  rated 120/240 
volts.  The provision of (two) one pole circuit bre akers for shared neutral 
circuits in lieu of (one) two pole circuit breaker is unacceptable.]  
Provide with "push-to-test" button.

] 2.14   ENCLOSED CIRCUIT BREAKERS

UL 489 .  Individual molded case circuit breakers with vol tage and 
continuous current ratings, number of poles, overlo ad trip setting, and 
short circuit current interrupting rating as indica ted.  Enclosure type as 
indicated. [  Provide solid neutral.]

[ 2.15   MOTOR SHORT-CIRCUIT PROTECTOR (MSCP)

Motor short-circuit protectors, also called motor c ircuit protectors 
(MCPs):  UL 508  and UL 489 , and provided as shown.  Provide MSCPs that 
consist of an adjustable instantaneous trip circuit  breaker used only in 
conjunction with a combination motor controller whi ch provides coordinated 
motor branch-circuit overload and short-circuit pro tection.  Rate MSCPs in 
accordance with the requirements of NFPA 70 .
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] 2.15   TRANSFORMERS

Provide transformers in accordance with the followi ng:

a.  NEMA ST 20 , general purpose, dry-type, self-cooled, [ ventilated] [ 
unventilated] [  sealed ] .  

b.  Provide transformers in NEMA [  1 ][ 3R] [_____]  enclosure.  

c.  Transformer insulation system: 

(1) 220 degrees C insulation system for transformer s 15 kVA and 
greater, with temperature rise not exceeding [ 150] [  115 ][ 80]  
degrees C under full-rated load in maximum ambient of 40 degrees C.

(2) 180 degrees C insulation for transformers rated  10 kVA and less, 
with temperature rise not exceeding [ 150] [  115 ][ 80]  degrees C 
under full-rated load in maximum ambient of 40 degr ees C.

[ d.  Transformer of 150 degrees C temperature rise:  capable of carrying 
continuously 100 percent of nameplate kVA without e xceeding insulation 
rating.

][ e.  Transformer of 115 degrees C temperature rise:  capable of carrying 
continuously 115 percent of nameplate kVA without e xceeding insulation 
rating.

][ f.  Transformer of 80 degrees C temperature rise:  capable of carrying 
continuously 130 percent of nameplate kVA without e xceeding insulation 
rating.

][ g.  Transformers:  quiet type with maximum sound le vel at least 3 decibels 
less than NEMA standard level for transformer ratin gs indicated.

] 2.15.1   Specified Transformer Efficiency

Transformers, indicated and specified with:  480V p rimary, 80 degrees C or 
115 degrees C temperature rise, kVA ratings of 37.5  to 100 for single phase 
or 30 to 500 for three phase, energy efficient type .  Minimum efficiency, 
based on factory test results:  not be less than NE MA Class 1 efficiency as 
defined by NEMA TP 1 .

2.15.2   [ Transformers With Non-Linear Loads

Provide transformers for non-linear loads in accord ance with the following:

a.  Transformer insulation:  UL recognized 220 degr ees C system.  Neither 
the primary nor the secondary temperature is allowe d to exceed 220 
degrees C at any point in the coils while carrying their full rating of 
non-sinusoidal load.    

b.  Transformers are to be UL listed and labeled fo r[ K-4][ K-9][ K-13][ 
K-Factor rating as indicated] in accordance with UL 1561 .  

c.  Transformers evaluated by the UL K-Factor evalu ation:  listed for[ 
115][ 80] degrees C average temperature rise only.  

d.  Transformers with K-Factor ratings with tempera ture rise of 150 degrees 

SECTION 26 20 00  Page 25



HAFB B591 Renovation HAFBB591FACILITY

C rise are not acceptable.

e.  K-Factor rated transformers impedance:  allowed  range of 3 percent to 5 
percent, with a minimum reactance of 2 percent to p revent excessive 
neutral current when supplying loads with large amo unts of third 
harmonic.

] 2.16   MOTORS

Provide motors in accordance with the following:

a.  NEMA MG 1[ except provide fire pump motors as specified in S ection 
21 30 00 ]  FIRE PUMPS.

b.  Hermetic-type sealed motor compressors:  Also c omply with UL 984 .

c.  Provide the size in terms of  HP , or kVA, or full-load current, or a 
combination of these characteristics, and other cha racteristics, of 
each motor as indicated or specified.  

d.  Determine specific motor characteristics to ens ure provision of 
correctly sized starters and overload heaters.

e.  Rate motors for operation on 208-volt, 3-phase circuits with a terminal 
voltage rating of 200 volts, and those for operatio n on 480-volt, 
3-phase circuits with a  terminal voltage rating of  460 volts.  

f.  Use motors designed to operate at full capacity  with voltage variation 
of plus or minus 10 percent of motor voltage rating .  

g.  Unless otherwise indicated, use continuous duty  type motors if rated  1 
HP and above.

h.  Where fuse protection is specifically recommend ed by the equipment 
manufacturer, provide fused switches in lieu of non -fused switches 
indicated.

2.16.1   High Efficiency Single-Phase Motors

Single-phase fractional-horsepower alternating-curr ent motors:  high 
efficiency types corresponding to the applications listed in NEMA MG 11.  
In exception, for motor-driven equipment with a min imum seasonal or overall 
efficiency rating, such as a SEER rating, provide e quipment with motor to 
meet the overall system rating indicated.

2.16.2   Premium Efficiency Polyphase Motors

Select polyphase motors based on high efficiency ch aracteristics relative 
to typical characteristics and applications as list ed in NEMA MG 10.  In 
addition, continuous rated, polyphase squirrel-cage  medium induction motors 
must meet the requirements for premium efficiency e lectric motors in 
accordance with NEMA MG 1, including the NEMA full load efficiency 
ratings.  In exception, for motor-driven equipment with a minimum seasonal 
or overall efficiency rating, such as a SEER rating , provide equipment with 
motor to meet the overall system rating indicated.

2.16.3   Motor Sizes

Provide size for duty to be performed, not exceedin g the full-load 
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nameplate current rating when driven equipment is o perated at specified 
capacity under most severe conditions likely to be encountered.  When motor 
size provided differs from size indicated or specif ied, make adjustments to 
wiring, disconnect devices, and branch circuit prot ection to accommodate 
equipment actually provided.  Provide controllers f or motors rated 1-hp and 
above with electronic phase-voltage monitors design ed to protect motors 
from phase-loss, undervoltage, and overvoltage.  Pr ovide protection for 
motors from immediate restart by a time adjustable restart relay.

2.16.4   Wiring and Conduit

Provide internal wiring for components of packaged equipment as an integral 
part of the equipment.  Provide power wiring and co nduit for 
field-installed equipment [, and motor control equipment forming part of 
motor control centers or switchgear assemblies, the  conduit and wiring 
connecting such centers, assemblies, or other power  sources to equipment]  
as specified herein.  Power wiring and conduit:  co nform to the 
requirements specified herein.  Control wiring:  pr ovided under, and 
conform to, the requirements of the section specify ing the associated 
equipment.

2.17   MOTOR CONTROLLERS

Provide motor controllers in accordance with the fo llowing:

a.  UL 508 , NEMA ICS 1 , and NEMA ICS 2 , [ except fire pump controllers as 
specified in Section 21 30 00  FIRE PUMPS] .

b.  Provide controllers with thermal overload prote ction in each phase, and 
one spare normally open auxiliary contact, and one spare normally 
closed auxiliary contact.

c.  Provide controllers for motors rated 1-hp and a bove with electronic 
phase-voltage monitors designed to protect motors f rom phase-loss, 
undervoltage, and overvoltage.

d.  Provide protection for motors from immediate re start by a time 
adjustable restart relay.

e.  When used with pressure, float, or similar auto matic-type or 
maintained-contact switch, provide a hand/off/autom atic selector switch 
with the controller.

f.  Connections to selector switch:  wired such tha t only normal automatic 
regulatory control devices are bypassed when switch  is in "hand" 
position.

g.  Safety control devices, such as low and high pr essure cutouts, high 
temperature cutouts, and motor overload protective devices:  connected 
in motor control circuit in "hand" and "automatic" positions.

h.  Control circuit connections to hand/off/automat ic selector switch or to 
more than one automatic regulatory control device:  made in accordance 
with indicated or manufacturer's approved wiring di agram.

[ i.  Provide selector switch with the means for lock ing in any position.

] j.  Provide a disconnecting means, capable of being  locked in the open 
position, for the motor that is located in sight fr om the motor 
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location and the driven machinery location.  As an alternative, provide 
a motor controller disconnect, capable of being loc ked in the open 
position, to serve as the disconnecting means for t he motor if it is in 
sight from the motor location and the driven machin ery location.

l.  Overload protective devices:  provide adequate protection to motor 
windings; be thermal inverse-time-limit type; and i nclude manual 
reset-type pushbutton on outside of motor controlle r case. 

m.  Cover of combination motor controller and manua l switch or circuit 
breaker:  interlocked with operating handle of swit ch or circuit 
breaker so that cover cannot be opened unless handl e of switch or 
circuit breaker is in "off" position.

[ n.  Minimum short circuit withstand rating of combi nation motor 
controller:  [_____] rms symmetrical amperes.

][ o.  Provide controllers in hazardous locations with  classifications as 
indicated.

] 2.17.1   Control Wiring

Provide control wiring in accordance with the follo wing:

a.  All control wire:  stranded tinned copper switc hboard wire with 
600-volt flame-retardant insulation Type SIS meetin g UL 44 , or Type MTW 
meeting UL 1063 , and passing the VW-1 flame tests included in thos e 
standards.

b.  Hinge wire:  Class K stranding.  

c.  Current transformer secondary leads:  not small er than No. 10 AWG.

d.  Control wire minimum size:  No. 14 AWG.

e.  Power wiring for 480-volt circuits and below:  the same type as control 
wiring with No. 12 AWG minimum size.

f.  Provide wiring and terminal arrangement on the terminal blocks to 
permit the individual conductors of each external c able to be 
terminated on adjacent terminal points.

2.17.2   Control Circuit Terminal Blocks

Provide control circuit terminal blocks in accordan ce with the following:

a.  NEMA ICS 4 .

b.  Control circuit terminal blocks for control wir ing:  molded or 
fabricated type with barriers, rated not less than 600 volts.

c.  Provide terminals with removable binding, filli ster or washer head 
screw type, or of the stud type with contact and lo cking nuts.

d.  Terminals:  not less than No. 10 in size with s ufficient length and 
space for connecting at least two indented terminal s for 10 AWG 
conductors to each terminal.

e.  Terminal arrangement:  subject to the approval of the Contracting 
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Officer with not less than four (4) spare terminals  or 10 percent, 
whichever is greater, provided on each block or gro up of blocks.

f.  Modular, pull apart, terminal blocks are accept able provided they are 
of the channel or rail-mounted type.

g.  Submit data showing that any proposed alternate  will accommodate the 
specified number of wires, are of adequate current- carrying capacity, 
and are constructed to assure positive contact betw een current-carrying 
parts.

2.17.2.1   Types of Terminal Blocks

a.  Short-Circuiting Type:  Short-circuiting type t erminal blocks:  
furnished for all current transformer secondary lea ds with provision 
for shorting together all leads from each current t ransformer without 
first opening any circuit.  Terminal blocks:  compl y with the 
requirements of paragraph CONTROL CIRCUIT TERMINAL BLOCKS above.

b.  Load Type:  Load terminal blocks rated not less  than 600 volts and of 
adequate capacity:  provided for the conductors for  NEMA Size 3 and 
smaller motor controllers and for other power circu its, except those 
for feeder tap units.  Provide terminals of either the stud type with 
contact nuts and locking nuts or of the removable s crew type, having 
length and space for at least two indented terminal s of the size 
required on the conductors to be terminated.  For c onductors rated more 
than 50 amperes, provide screws with hexagonal head s.  Conducting parts 
between connected terminals must have adequate cont act surface and 
cross-section to operate without overheating.  Prov ide eEach connected 
terminal with the circuit designation or wire numbe r placed on or near 
the terminal in permanent contrasting color.

2.17.3   Control Circuits

[ Control circuits:  maximum voltage of 120 volts der ived from control 
transformer in same enclosure.  Transformers:  conf orm to UL 506 , as 
applicable.  Transformers, other than transformers in bridge circuits:  
provide primaries wound for voltage available and s econdaries wound for 
correct control circuit voltage.  Size transformers  so that 80 percent of 
rated capacity equals connected load.  Provide disc onnect switch on primary 
side. [  Provide fuses in each ungrounded primary feeder] .  Provide one 
fused secondary lead with the other lead grounded. [   For designated 
systems, as indicated, provide backup power supply,  including transformers 
connected to[ emergency power source][_____].   Provide for automatic 
switchover and alarm upon failure of primary contro l circuit. ]]

[Control circuits:  maximum voltage of 120 volts de rived from a separate 
control source.  Provide terminals and terminal boa rds.  Provide separate 
control disconnect switch within controller.  Provi de one fused secondary 
lead with the other lead grounded.[  For designated  systems, as indicated, 
provide backup power supply, including connection t o[ emergency power 
source][_____].  Provide for automatic switchover a nd alarm upon failure of 
primary control circuit.]]

2.17.4   Enclosures for Motor Controllers

NEMA ICS 6 .
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2.17.5   Multiple-Speed Motor Controllers and Reversible Mot or Controllers

Across-the-line-type, electrically and mechanically  interlocked.  
Multiple-speed controllers:  include compelling rel ays and multiple-button, 
station-type with pilot lights for each speed.

2.17.6   Pushbutton Stations

Provide with "start/stop" momentary contacts having  one normally open and 
one normally closed set of contacts, and red lights  to indicate when motor 
is running.  Stations:  heavy duty, oil-tight desig n.

2.17.7   Pilot and Indicating Lights

[ Provide LED cluster lamps. ][Provide transformer, resistor, or diode type.]

[ 2.17.8   Reduced-Voltage Controllers

Provide for polyphase motors [_____]  horsepower  and larger.  
Reduced-voltage starters:  single-step, closed tran sition[ 
autotransformer,][ reactor,][ primary resistor-type ,][ solid state-type,] 
or as indicated, with an adjustable time interval b etween application of 
reduced and full voltages to motors.[  Wye-delta re duced voltage starter or 
part winding increment starter having adjustable ti me delay between 
application of voltage to first and second winding of motor may be used in 
lieu of the reduced-voltage starters for starting o f[ motor-generator 
sets,][ centrifugally operated equipment,][ or][ re ciprocating compressors 
provided with automatic unloaders].]

] 2.18   MANUAL MOTOR STARTERS (MOTOR RATED SWITCHES)

[Single] [Double] [ Three ]  pole designed for [ flush] [  surface ]  mounting with 
overload protection [  and pilot lights ] .

2.18.1   Pilot Lights

[ Provide yoke-mounted, seven element LED cluster lig ht module.  Color: [ 
green] [  red ][ amber] [ in accordance with NEMA ICS 2 ] . ][ Provide 
yoke-mounted, candelabra-base sockets rated 125 vol ts and fitted with glass 
or plastic jewels.  Provide clear, 6 watt lamp in e ach pilot switch.  
Jewels for use with switches controlling motors:  g reen; jewels for other 
purposes: [ white] [ red] [  amber ] .

] 2.19   MOTOR CONTROL CENTERS
 

Provide motor control centers in accordance with th e following:

a.  UL 845 , NEMA ICS 2 , NEMA ICS 3 .

b.  Wiring:  Class[ I][ II], Type[ A][ B][ C], in N EMA Type[ 1][ 3R][ 
12][_____] enclosure.

c.  Provide control centers suitable for operation on [_____]-volt, 
[_____]-phase, [_____]-wire, [_____] Hz system with  minimum 
short-circuit withstand and interrupting rating of[  100,000][ 65,000][ 
42,000][ 25,000][_____] amperes rms symmetrical.

d.  Incoming power feeder:  [ bus duct][ cable] ent ering at the[ top][ 
bottom] of enclosure and terminating on[ terminal l ugs][ main 
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protective device].

[ e.  Main protective device:  [ molded case circuit breaker][ low-voltage 
power circuit breaker][ fusible switch] rated at [_ ____] amperes rms 
symmetrical interrupting capacity.

][ f.  Arrange busing so that control center can be ex panded from both ends.

] g.  Interconnecting wires:  copper.

h.  Terminal blocks:  plug-in-type so that controll ers may be removed 
without disconnecting individual control wiring.

2.19.1   Bus Systems

Provide the following bus systems.  Power bus:  be braced to withstand 
fault current of[ 100,000][ 65,000][ 42,000][ 25,00 0][_____] amperes rms 
symmetrical.  Wiring troughs:  isolated from horizo ntal and vertical bus 
bars.

2.19.1.1   Horizontal and Main Buses

Horizontal bus:  continuous current rating of[ 600] [ 800][ 1000][ 
1200][_____] amperes.  Main bus:  [ aluminum, tin-p lated][ copper, 
silver-plated] enclosed in isolated compartment at top of each vertical 
section.  Main bus:  isolated from wire troughs, st arters, and other areas.

2.19.1.2   Vertical Bus

Vertical bus:  continuous current rating of[ 300][ 450][ 600][_____] 
amperes, and [ aluminum, tin-plated][ copper, tin-p lated][ copper, 
silver-plated].  Vertical bus:  enclosed in flame-r etardant, polyester 
glass "sandwich."

2.19.1.3   Ground Bus

Copper ground bus:  provided full width of motor co ntrol center and 
equipped with necessary lugs.

[ 2.19.1.4   Neutral Bus

Insulated neutral bus:  provided continuous through  the motor control 
center; neutral full rated.  Provide lugs of approp riate capacity, as 
required.

] [ 2.19.2   Combination Motor Controllers

UL 508  and other requirements in paragraph, MOTOR CONTROL LERS. Provide in 
controller a[ molded case circuit breaker][ fusible  switch with clips for 
[_____]-type fuses for branch circuit protection].[   Minimum short circuit 
withstand rating of combination motor controller:  [_____] rms symmetrical 
amperes.][  Circuit breakers for combination contro llers: [ thermal 
magnetic][ magnetic only].]

][ 2.19.3   Space Heaters

Provide space heaters where indicated on the drawin gs, controlled using an 
adjustable  50 to 90 degrees F  thermostat, magnetic contactor, and a 
molded-case circuit breaker[ and a 480-120 volt sin gle-phase transformer].  
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Provide space heaters equipped with 250-watt, 240 v olt strip elements 
operated at 120 volts and [ supplied from the motor  control center bus][ 
wired to terminal blocks for connection to 120-volt  single-phase power 
sources located external to the control centers].  Contactors:  open type, 
electrically-held, rated 30 amperes, 2-pole, with 1 20-volt ac coils.

] 2.19   LOCKOUT REQUIREMENTS

Provide disconnecting means capable of being locked  out for machines and 
other equipment to prevent unexpected startup or re lease of stored energy 
in accordance with 29 CFR 1910.147 .  Comply with requirements of Division 
23, "Mechanical"  for mechanical isolation of machines and other equ ipment.

2.20   TELECOMMUNICATIONS SYSTEM

Provide system of telecommunications wire-supportin g structures (pathway), 
including: outlet boxes, conduits with pull wires [ wireways,] [  cable trays, ]
 and other accessories for telecommunications outle ts and pathway in 
accordance with TIA-569  and as specified herein. [   Additional 
telecommunications requirements are specified in Se ction 27 10 00 , BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.]

[ 2.21   COMMUNITY ANTENNA TELEVISION (CATV) SYSTEM

[Additional CATV requirements are specified in[ Sec tion 27 54 00.00 20 , 
COMMUNITY ANTENNA TELEVISION (CATV) SYSTEMS.][ Sect ion 27 05 14.00 10 , 
CABLE TELEVISION PREMISES DISTRIBUTION SYSTEM.]]

[ 2.21.1   CATV Outlets

Provide flush mounted, 75-ohm, F-type connector out let rated from 5 to 1000 
MHz in standard electrical outlet boxes[ with isola tion barrier] with 
mounting frame.

][ 2.21.2   CATV Faceplates

Provide modular faceplates for mounting of CATV Out lets.[  Faceplate:  
include designation labels and label covers for cir cuit identification.]  
Faceplate color:  match outlet and switch coverplat es.

][ 2.21.3   Backboards

[Provide void-free, fire rated interior grade plywo od,  3/4 inch  thick, [ 4 
by 8 feet] [ as indicated].  Do not cover the fire stamp on th e 
backboard.][  Coordinate CATV backboard requirement s with 
telecommunications backboard requirements as specif ied in Section 27 10 00 , 
BUILDING TELECOMMUNICATIONS CABLING.]

] ] 2.21   GROUNDING AND BONDING EQUIPMENT

2.21.1   Ground Rods

UL 467 .  Ground rods:  [  copper-clad steel ][ solid copper] [ stainless steel] , 
with minimum diameter of  3/4 inch  and minimum length  10 feet .  Sectional 
ground rods are permitted.

[ 2.21.2   Ground Bus

Copper ground bus:  provided in the electrical equi pment rooms as indicated.
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] 2.21.2   Telecommunications [and CATV] Grounding Busbar

Provide corrosion-resistant grounding busbar suitab le for [  indoor ][ outdoor]
 installation in accordance with TIA-607 .  Busbars:  plated for reduced 
contact resistance.  If not plated, clean the busba r prior to fastening the 
conductors to the busbar and apply an anti-oxidant to the contact area to 
control corrosion and reduce contact resistance.  P rovide a 
telecommunications main grounding busbar (TMGB) in the telecommunications 
entrance facility [  and a (TGB) in all other telecommunications rooms and 
equipment rooms ] .  The telecommunications main grounding busbar (TM GB)[  and 
the telecommunications grounding busbar (TGB) ] :  sized in accordance with 
the immediate application requirements and with con sideration of future 
growth.  Provide telecommunications grounding busba rs with the following:

a.  Predrilled copper busbar provided with holes fo r use with standard 
sized lugs,

b.  Minimum dimensions of  0.25 in  thick by  4 in  wide for the TMGB [  and 2 in
 wide for TGBs ]  with length as indicated;

c.  Listed by a nationally recognized testing labor atory.

[ 2.22   HAZARDOUS LOCATIONS

Electrical materials, equipment, and devices for in stallation in hazardous 
locations, as defined by NFPA 70 :  specifically approved by Underwriters' 
Laboratories, Inc., or Factory Mutual for particula r "Class," "Division," 
and "Group" of hazardous locations involved.  Bound aries and 
classifications of hazardous locations:  as indicat ed.  Equipment in 
hazardous locations:  comply with UL 1203  for electrical equipment and 
industrial controls and UL 674  for motors.

] 2.22   MANUFACTURER'S NAMEPLATE

Provide on each item of equipment a nameplate beari ng the manufacturer's 
name, address, model number, and serial number secu rely affixed in a 
conspicuous place; the nameplate of the distributin g agent will not be 
acceptable.

2.23   FIELD FABRICATED NAMEPLATES

Provide field fabricated nameplates in accordance w ith the following:

a.  ASTM D709.

b.  Provide laminated plastic nameplates for each e quipment enclosure, 
relay, switch, and device; as specified or as indic ated on the drawings.

c.  Each nameplate inscription:  identify the funct ion and, when 
applicable, the position.

d.  Nameplates:  melamine plastic,  0.125 inch  thick, white with [ black ]  
[_____] center core.

[ e.  Provide red laminated plastic label with white center core where 
indicated.

] f.  Surface:  matte finish.  Corners:  square.  Acc urately align lettering 
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and engrave into the core.

g.  Minimum size of nameplates:   one by 2.5 inches .

h.  Lettering size and style:  a minimum of  0.25 inch  high normal block 
style.

2.24   WARNING SIGNS

Provide warning signs for flash protection in accor dance with NFPA 70E and 
NEMA Z535.4  for switchboards, panelboards, industrial control panels, and 
motor control centers that are in other than dwelli ng occupancies and are 
likely to require examination, adjustment, servicin g, or maintenance while 
energized.  Provide field installed signs to warn q ualified persons of 
potential electric arc flash hazards when warning s igns are not provided by 
the manufacturer.  Provide marking that is clearly visible to qualified 
persons before examination, adjustment, servicing, or maintenance of the 
equipment.

2.25   FIRESTOPPING MATERIALS

Provide firestopping around electrical penetrations  in accordance with 
Section 07 84 00 , FIRESTOPPING .

2.26   WIREWAYS

UL 870 .  Material:  steel [  epoxy painted ][ galvanized]  16 gauge for heights 
and depths up to  6 by 6 inches , and 14 gauge for heights and depths up to  
12 by 12 inches .  Provide in length [  indicated ][ required for the 
application]  with [  hinged- ][ screw-]  cover NEMA [  1 ][ 3R] [ 12]  enclosure per 
NEMA ICS 6 .

[ 2.27   METERING

ANSI C12.1 .  Provide a self-contained, socket-mounted, electr onic 
programmable outdoor watthour meter.  Meter:  eithe r programmed at the 
factory or programmed in the field.  Turn field pro gramming device over to 
the Contracting Officer at completion of project.  Coordinate meter to 
system requirements.

a.  Design:  Provide watthour meter designed for us e on a single-phase, 
three-wire,[ 240/120][ 480/240] volt system.  Inclu de necessary KYZ 
pulse initiation hardware for Energy Monitoring and  Control System 
(EMCS).

b.  Class:  200; Form: [ 2S][_____], accuracy:  plu s or minus 1.0 percent; 
Finish:  Class II.

c.  Cover:  Polycarbonate and lockable to prevent t ampering and 
unauthorized removal.

d.  Kilowatt-hour Register:  five digit electronic programmable type.

e.  Demand Register:

(1)  Provide solid state.

(2)  Meter reading multiplier:  Indicate multiplier  on the meter face.
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(3)  Demand interval length:  programmed for[ 15][ 30][ 60] minutes 
with rolling demand up to six subintervals per inte rval.

f.  Socket:  ANSI C12.7 .  Provide NEMA Type 3R, box-mounted socket, 
ringless, having[ manual circuit-closing bypass and  having] jaws 
compatible with requirements of the meter.  Provide  manufacturers 
standard enclosure color unless otherwise indicated .

][ 2.28   METER BASE ONLY

ANSI C12.7 .  Provide NEMA Type 3R, box-mounted socket, ringle ss, having 
jaws compatible with requirements of a class:  200 and Form: [ 2S][_____] 
self contained watthour meter.  Provide gray plasti c closing cover and 
bypass links.  Provide manufacturers standard enclo sure color unless 
otherwise indicated.

] 2.27   SURGE PROTECTIVE DEVICES

Provide parallel type surge protective devices (SPD ) which comply with 
UL 1449  at the service entrance [, load centers]  [ , panelboards ]  [, MCC] 
[and] [_____] .  Provide surge protectors in a NEMA [  1 ][ __]  enclosure per 
NEMA ICS 6 .  Use Type 1 or Type 2 SPD and connect on the load  side of a 
dedicated circuit breaker.

Provide the following modes of protection:

      FOR SINGLE PHASE AND THREE PHASE WYE CONNECTED  SYSTEMS-
            Phase to phase ( L-L )
            Each phase to neutral ( L-N )
            [ Neutral to ground ( N-G ) ]
            [ Phase to ground ( L-G ) ]

[
      FOR DELTA CONNECTIONS-
            Phase to phase ( L-L )
            Phase to ground ( L-G )

] SPDs at the service entrance:  provide with a minim um surge current rating 
of 80,000 amperes for L-L mode minimum and 40,000 a mperes for other modes 
(L-N, L-G, and N-G) [  and downstream SPDs rated 40,000 amperes for L-L m ode 
minimum and 20,000 amperes for other modes (L-N, L- G, and N-G) ] .

[ Provide SPDs per NFPA 780 for the lightning protect ion system.

Maximum L-N, L-G, and N-G Voltage Protection Rating :

      [600V for 120V, single phase system]
      [600V for 120/240V, single phase system]
      [6 700V for 208Y/120V, three phase system ]
      [ 1,200V for 480Y/277V, three phase system ]

Maximum L-L Voltage Protection Rating:

      [1,200V for 120V, single phase system]
      [1,200V for 120/240V, single phase system]
      [ 1,200V for 208Y/120V, three phase system ]
      [ 1, 8200V for 480Y/277V, three phase system ]

][ Provide SPDs. Maximum L-N, L-G, and N-G Voltage Pro tection Rating:
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      [700V for 120V, single phase system]
      [700V for 120/240V, single phase system]
      [ 700V for 208Y/120V, three phase system]
      [1,200V for 480Y/277V, three phase system]

Maximum L-L Voltage Protection Rating:

      [1,200V for 120V, single phase system]
      [1,200V for 120/240V, single phase system]
      [1,200V for 208Y/120V, three phase system]
      [2,000V for 480Y/277V, three phase system ]

] The minimum MCOV (Maximum Continuous Operating Volt age) rating for L-N and 
L-G modes of operation:  120% of nominal voltage fo r 240 volts and below; 
115% of nominal voltage above 240 volts to 480 volt s.

[ Provide EMI/RFI filtering per UL 1283  for each mode with the capability to 
attenuate high frequency noise.  Minimum attenuatio n:  20db.

] 2.28   FACTORY APPLIED FINISH

Provide factory-applied finish on electrical equipm ent in accordance with 
the following:            

a.  NEMA 250 corrosion-resistance test and the additional requi rements as 
specified herein.

b.  Interior and exterior steel surfaces of equipme nt enclosures:  
thoroughly cleaned followed by a rust-inhibitive ph osphatizing or 
equivalent treatment prior to painting.

c.  Exterior surfaces:  free from holes, seams, den ts, weld marks, loose 
scale or other imperfections.

d.  Interior surfaces:  receive not less than one c oat of 
corrosion-resisting paint in accordance with the ma nufacturer's 
standard practice.

e.  Exterior surfaces:  primed, filled where necess ary, and given not less 
than two coats baked enamel with semigloss finish.

f.  Equipment located indoors:  ANSI Light Gray, [ and equipment located 
outdoors:  ANSI[ Light Gray][ Dark Gray]] .

g.  Provide manufacturer's coatings for touch-up wo rk and as specified in 
paragraph FIELD APPLIED PAINTING.

2.29   SOURCE QUALITY CONTROL

2.29.1   Transformer Factory Tests

Submittal:  include routine NEMA ST 20  transformer test results on each 
transformer and also provide the results of NEMA "d esign" and "prototype" 
tests that were made on transformers electrically a nd mechanically equal to 
those specified.
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[ 2.30   COORDINATED POWER SYSTEM PROTECTION

Prepare analyses as specified in Section 26 28 01.00 10  COORDINATED POWER 
SYSTEM PROTECTION.

] PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations, including weatherproof an d hazardous locations 
and ducts, plenums and other air-handling spaces:  conform to requirements 
of NFPA 70  and IEEE C2  and to requirements specified herein.

[ 3.1.1   Underground Service

Underground service conductors and associated condu it:  continuous from 
service entrance equipment to outdoor power system connection.

][ 3.1.2   Overhead Service

Overhead service conductors into buildings:  termin ate at service entrance 
fittings or weatherhead outside building.  Overhead  service conductors and 
support bracket for overhead conductors are include d in[ Section 33 71 01  
OVERHEAD TRANSMISSION AND DISTRIBUTION.]

][ 3.1.3   Hazardous Locations

Perform work in hazardous locations, as defined by NFPA 70 , in strict 
accordance with NFPA 70  for particular "Class," "Division," and "Group" of  
hazardous locations involved.  Provide conduit and cable seals where 
required by NFPA 70 .  Provide conduit with tapered threads.

] 3.1.2   Service Entrance Identification

Service entrance disconnect devices, switches, and enclosures:  labeled and 
identified as such.

3.1.2.1   Labels

Wherever work results in service entrance disconnec t devices in more than 
one enclosure, as permitted by NFPA 70 , label each enclosure, new and 
existing, as one of several enclosures containing s ervice entrance 
disconnect devices.  Label, at minimum:  indicate n umber of service 
disconnect devices housed by enclosure and indicate  total number of 
enclosures that contain service disconnect devices.   Provide laminated 
plastic labels conforming to paragraph FIELD FABRIC ATED NAMEPLATES.  Use 
lettering of at least  0.25 inch  in height, and engrave on black-on-white 
matte finish.  Service entrance disconnect devices in more than one 
enclosure:  provided only as permitted by NFPA 70 .

3.1.3   Wiring Methods

Provide insulated conductors installed in rigid ste el conduit, IMC, rigid 
nonmetallic conduit, or EMT, except where specifica lly indicated or 
specified otherwise or required by NFPA 70  to be installed otherwise.  
Grounding conductor:  separate from electrical syst em neutral conductor.  
Provide insulated green equipment grounding conduct or for circuit(s) 
installed in conduit and raceways. [  Shared neutral, or multi-wire branch 
circuits, are not permitted with arc-fault circuit interrupters.]   Minimum 
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conduit size:   1/2 inch  in diameter for low voltage lighting and power 
circuits.  Vertical distribution in multiple story buildings:  made with 
metal conduit in fire-rated shafts, with metal cond uit extending through 
shafts for minimum distance of  6 inches .  Firestop conduit which penetrates 
fire-rated walls, fire-rated partitions, or fire-ra ted floors in accordance 
with Section 07 84 00 , FIRESTOPPING.

3.1.3.1   Pull Wire

Install pull wires in empty conduits.  Pull wire:  plastic having minimum  
200-pound  force tensile strength.  Leave minimum  36 inches  of slack at each 
end of pull wire.

[ 3.1.3.2   Metal Clad Cable

Install in accordance with NFPA 70 , Type MC cable.

][ 3.1.3.3   Armored Cable

Install in accordance with NFPA 70 , Type AC cable.

][ 3.1.3.4   Flat Conductor Cable

Install in accordance with NFPA 70 , Type FCC cable.

] 3.1.4   Conduit Installation

Unless indicated otherwise, conceal conduit under f loor slabs and within 
finished walls, ceilings, and floors.  Keep conduit  minimum  6 inches  away 
from parallel runs of flues and steam or hot water pipes.  Install conduit 
parallel with or at right angles to ceilings, walls , and structural members 
where located above accessible ceilings and where c onduit will be visible 
after completion of project. [  Run conduits[ in crawl space][ under floor 
slab] as if exposed.]

3.1.4.1   Restrictions Applicable to Aluminum Conduit

a.  Do not install underground or encase in concret e or masonry.

b.  Do not use brass or bronze fittings.

c.  Do not use when the enclosed conductors must be  shielded from the 
effects of High-altitude Electromagnetic Pulse (HEM P).

3.1.4.2   Restrictions Applicable to EMT

a.  Do not install underground.

b.  Do not encase in concrete, mortar, grout, or ot her cementitious 
materials.

c.  Do not use in areas subject to severe physical damage including but not 
limited to equipment rooms where moving or replacin g equipment could 
physically damage the EMT.

d.  Do not use in hazardous areas.

e.  Do not use outdoors.
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f.  Do not use in fire pump rooms.

g.  Do not use when the enclosed conductors must be  shielded from the 
effects of High-altitude Electromagnetic Pulse (HEM P).

[ 3.1.4.3   Restrictions Applicable to Nonmetallic Conduit

a.  PVC Schedule 40 and PVC Schedule 80

(1)  Do not use in areas where subject to severe ph ysical damage, 
including but not limited to, mechanical equipment rooms, 
electrical equipment rooms, hospitals, power plants , missile 
magazines, and other such areas.

(2)  Do not use in hazardous (classified) areas.

(3)  Do not use in fire pump rooms.

(4)  Do not use in penetrating fire-rated walls or partitions, or 
fire-rated floors.

(5)  Do not use above grade, except where allowed i n this section for 
rising through floor slab or indicated otherwise.

(6)  Do not use when the enclosed conductors must b e shielded from the 
effects of High-altitude Electromagnetic Pulse (HEM P).

] 3.1.4.4   Restrictions Applicable to Flexible Conduit

Use only as specified in paragraph FLEXIBLE CONNECT IONS.  Do not use when 
the enclosed conductors must be shielded from the e ffects of High-altitude 
Electromagnetic Pulse (HEMP).

3.1.4.5   Underground Conduit

Plastic-coated rigid steel; plastic-coated steel IM C; PVC, Type EPC-40 [; or 
fiberglass.  Convert nonmetallic conduit, other tha n PVC Schedule 40 or 80, 
to plastic-coated rigid, or IMC, steel conduit befo re rising through floor 
slab.]   Plastic coating:  extend minimum  6 inches  above floor.

[ 3.1.4.6   Conduit Interior to Buildings for 400 Hz Circuits

Aluminum or nonmetallic.  Where 400-Hz circuit runs  underground or through 
concrete, provide PVC Schedule [  40 ][ 80]  conduit.

] 3.1.4.7   Conduit for Circuits Rated Greater Than 600 Volts

Rigid metal conduit or IMC only.

3.1.4.8   Conduit Installed Under Floor Slabs

Conduit run under floor slab:  located a minimum of  [ 12]  [_____] inches  
below the vapor barrier.  Seal around conduits at p enetrations thru vapor 
barrier.

3.1.4.9   Conduit Through Floor Slabs

Where conduits rise through floor slabs, do not all ow curved portion of 
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bends to be visible above finished slab.

[ 3.1.4.10   Conduit Installed in Concrete Floor Slabs

[Rigid steel; steel IMC; fiberglass, or PVC, Type E PC-40.][PVC, Type 
EPC-40, unless indicated otherwise.]  Locate so as not to adversely affect 
structural strength of slabs.  Install conduit with in middle one-third of 
concrete slab.[  Do not stack conduits.][  Do not s tack conduits more than 
two diameters high with minimum vertical separation  of [_____]  inches .]  
Space conduits horizontally not closer than three d iameters, except at 
cabinet locations.  Curved portions of bends must n ot be visible above 
finish slab.  Increase slab thickness as necessary to provide minimum  one 
inch  cover over conduit.  Where embedded conduits cross  building and/or 
expansion joints, provide suitable watertight expan sion/deflection fittings 
and bonding jumpers.  Expansion/deflection fittings  must allow horizontal 
and vertical movement of raceway.  Conduit larger t han  one inch  trade 
size:  installed parallel with or at right angles t o main reinforcement; 
when at right angles to reinforcement, install cond uit close to one of 
supports of slab.[  Where nonmetallic conduit is us ed, convert raceway to 
plastic coated rigid steel or plastic coated  steel  IMC before rising above 
floor, unless specifically indicated.]

] 3.1.4.10   Stub-Ups

Provide conduits stubbed up through concrete floor for connection to 
free-standing equipment with adjustable top or coup ling threaded inside for 
plugs, set flush with finished floor.  Extend condu ctors to equipment in 
rigid steel conduit, except that flexible metal con duit may be used  6 inches
 above floor.  Where no equipment connections are m ade, install 
screwdriver-operated threaded flush plugs in condui t end.

3.1.4.11   Conduit Support

Support conduit by pipe straps, wall brackets, thre aded rod conduit 
hangers, or ceiling trapeze. Fasten by wood screws to wood; by toggle bolts 
on hollow masonry units; by concrete inserts or exp ansion bolts on concrete 
or brick; and by machine screws, welded threaded st uds, or spring-tension 
clamps on steel work. Threaded C-clamps may be used  on rigid steel conduit 
only.  Do not weld conduits or pipe straps to steel  structures.  Do not 
exceed one-fourth proof test load for load applied to fasteners.  Provide 
vibration resistant and shock-resistant fasteners a ttached to concrete 
ceiling.  Do not cut main reinforcing bars for any holes cut to depth of 
more than  1 1/2 inches  in reinforced concrete beams or to depth of more t han
 3/4 inch  in concrete joints.  Fill unused holes.  In partit ions of light 
steel construction, use sheet metal screws.  In sus pended-ceiling 
construction, run conduit above ceiling.  Do not su pport conduit by ceiling 
support system.  Conduit and box systems:  supporte d independently of both 
(a) tie wires supporting ceiling grid system, and ( b) ceiling grid system 
into which ceiling panels are placed.  Do not share  supporting means 
between electrical raceways and mechanical piping o r ducts.  Coordinate 
installationwith above-ceiling mechanical systems t o assure maximum 
accessibility to all systems.  Spring-steel fastene rs may be used for 
lighting branch circuit conduit supports in suspend ed ceilings in dry 
locations. [   Support exposed risers in wire shafts of multis tory buildings 
by U-clamp hangers at each floor level and at  10 foot  maximum intervals.]  
Where conduit crosses building expansion joints, pr ovide suitable [ 
watertight]  expansion fitting that maintains conduit electrica l continuity 
by bonding jumpers or other means.  For conduits gr eater than  2 1/2 inches  
inside diameter, provide supports to resist forces of 0.5 times the 
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equipment weight in any direction and 1.5 times the  equipment weight in the 
downward direction.

3.1.4.12   Directional Changes in Conduit Runs

Make changes in direction of runs with symmetrical bends or cast-metal 
fittings.  Make field-made bends and offsets with h ickey or conduit-bending 
machine.  Do not install crushed or deformed condui ts.  Avoid trapped 
conduits.  Prevent plaster, dirt, or trash from lod ging in conduits, boxes, 
fittings, and equipment during construction.  Free clogged conduits of 
obstructions.

3.1.4.13   Locknuts and Bushings

Fasten conduits to sheet metal boxes and cabinets w ith two locknuts where 
required by NFPA 70 , where insulated bushings are used, and where bush ings 
cannot be brought into firm contact with the box; o therwise, use at least 
minimum single locknut and bushing.  Provide locknu ts with sharp edges for 
digging into wall of metal enclosures.  Install bus hings on ends of 
conduits, and provide insulating type where require d by NFPA 70 .

3.1.4.14   Flexible Connections

Provide flexible steel conduit between  3 and 6 feet  in length for recessed 
and semirecessed lighting fixtures [; for equipment subject to vibration, 
noise transmission, or movement; and for motors] .  Install flexible conduit 
to allow 20 percent slack.  Minimum flexible steel conduit size:   1/2 inch  
diameter.  Provide liquidtight flexible [ nonmetallic]  conduit in wet and 
damp locations [ and in fire pump rooms]  for equipment subject to vibration, 
noise transmission, movement or motors.  Provide se parate ground conductor 
across flexible connections.

3.1.4.15   Telecommunications and Signal System Pathway

Install telecommunications pathway in accordance wi th TIA-569 .

a.  Horizontal Pathway:  Telecommunications pathway s from the work area to 
the telecommunications room:  installed and cabling  length requirements 
in accordance with TIA-568-C.1 .  Size conduits [, wireways] [ , and cable 
trays ]  in accordance with TIA-569 [  and ][ as indicated ] .

b.  Backbone Pathway:  Telecommunication pathways f rom the 
telecommunications entrance facility to telecommuni cations rooms, and, 
telecommunications equipment rooms (backbone cablin g):  installed in 
accordance with TIA-569 .  Size conduits [, wireways] [ , and cable trays ]  
for telecommunications risers in accordance with TIA-569 [ and] [  as 
indicated ] .

[ 3.1.4.16   Community Antenna Television (CATV) System Conduits

Install a system of CATV wire-supporting structures  (pathway), including:  
outlet boxes, conduits with pull wires[ wireways,][  cable trays,] and other 
accessories for CATV outlets and pathway in accorda nce with TIA-569 .  
[Provide distribution system with star topology wit h empty conduit and 
pullwire from each outlet box to the telecommunicat ions room and empty 
conduit and pullwire from each telecommunications r oom to the headend 
equipment location][Provide distribution system wit h star topology with 
empty conduit and pullwire from each outlet to the headend equipment 
location].
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] 3.1.5   Busway Installation

Comply at minimum with NFPA 70 .  Install busways parallel with or at right 
angles to ceilings, walls, and structural members.  Support busways at  5 
foot  maximum intervals, and brace to prevent lateral mo vement.  Provide 
fixed type hinges on risers; spring-type are unacce ptable.  Provide flanges 
where busway makes penetrations through walls and f loors, and seal to 
maintain smoke and fire ratings.  Provide waterproo f curb where busway 
riser passes through floor.  Seal gaps with fire-ra ted foam and caulk.  
Provide expansion joints, but only where bus duct c rosses building 
expansion joints.  Provide supports to resist force s of 0.5 times the 
equipment weight in any direction and 1.5 times the  equipment weight in the 
downward direction.

3.1.5   Cable Tray Installation

[ Install and ground in accordance with NFPA 70 . [   In addition, install and 
ground telecommunications cable tray in accordance with TIA-569 , and TIA-607
] .  Install cable trays parallel with or at right an gles to ceilings, 
walls, and structural members.  Support [  in accordance with manufacturer 
recommendations but at not more than  [ 6]  [_____] foot  intervals ][ as 
indicated] . [  Coat contact surfaces of aluminum connections wi th an 
antioxidant compound prior to assembly.]   Adjacent cable tray sections:  
bonded together by connector plates of an identical  type as the cable tray 
sections.  For grounding of cable tray system provi de No. 2 AWG bare copper 
wire throughout cable tray system, and bond to each  section, except use No. 
1/0 aluminum wire if cable tray is aluminum.  Termi nate cable trays  10 
inches  from both sides of smoke and fire partitions.  Ins tall conductors 
run through smoke and fire partitions in  4 inch  rigid steel conduits with 
grounding bushings, extending  12 inches  beyond each side of partitions.  
Seal conduit on both ends to maintain smoke and fir e ratings of 
partitions.  Firestop penetrations in accordance wi th Section 07 84 00 , 
FIRESTOPPING.  Provide supports to resist forces of  0.5 times the equipment 
weight in any direction and 1.5 times the equipment  weight in the downward 
direction. 

][ Install cable trays parallel with or at right angle s to ceilings, walls, 
and structural members.  Support[ as indicated][ at  maximum  [6] [_____] foot
] intervals.[  In addition, install and ground tele communications cable 
tray in accordance with TIA-569 , and TIA-607 ][  Coat contact surfaces of 
aluminum connections with an antioxidant compound p rior to assembly.]  
Ensure edges, fittings, and hardware are finished f ree from burrs and sharp 
edges.  Provide No. 2 AWG bare copper wire througho ut cable tray system, 
and bond to each section.  Use No. 1/0 aluminum wir e if cable tray is 
aluminum.  Install conductors that run though smoke  and fire partitions in  
4 inch  rigid steel conduits with grounding bushing, exten ding  12 inches  
beyond each side of partitions.  Seal conduit on bo th ends to maintain 
smoke and fire ratings of partitions.  Provide supp orts to resist forces of 
0.5 times the equipment weight in any direction and  1.5 times the equipment 
weight in the downward direction.

] [ 3.1.6   Telecommunications Cable Support Installation

Install open top and closed ring cable supports on  4 ft  to  5 ft  centers to 
adequately support and distribute the cable’s weigh t.  Use these types of 
supports to support a maximum of 50  0.25 in  diameter cables.  Install 
suspended cables with at least  3 in  of clear vertical space above the 
ceiling tiles and support channels (T-bars).  Open top and closed ring 
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cable supports:  suspended from or attached to the structural ceiling or 
walls with hardware or other installation aids spec ifically designed to 
support their weight.

] 3.1.6   Boxes, Outlets, and Supports

Provide boxes in wiring and raceway systems whereve r required for pulling 
of wires, making connections, and mounting of devic es or fixtures.  Boxes 
for metallic raceways:  cast-metal, hub-type when l ocated in wet locations, 
when surface mounted on outside of exterior surface s, [ when surface mounted 
on interior walls exposed up to  7 feet  above floors and walkways,][ or when 
installed in hazardous areas]  and when specifically indicated.  Boxes in 
other locations:  sheet steel, except that aluminum boxes may be used with 
aluminum conduit, and nonmetallic boxes may be used with nonmetallic [ 
sheathed cable]  conduit system.  Provide each box with volume requ ired by 
NFPA 70  for number of conductors enclosed in box.  Boxes f or mounting 
lighting fixtures:  minimum  4 inches  square, or octagonal, except that 
smaller boxes may be installed as required by fixtu re configurations, as 
approved.  Boxes for use in masonry-block or tile w alls:  square-cornered, 
tile-type, or standard boxes having square-cornered , tile-type covers.  
Provide gaskets for cast-metal boxes installed in w et locations and boxes 
installed flush with outside of exterior surfaces.  Provide separate boxes 
for flush or recessed fixtures when required by fix ture terminal operating 
temperature; provide readily removable fixturesfor access to boxes unless 
ceiling access panels are provided.  Support boxes and pendants for 
surface-mounted fixtures on suspended ceilings inde pendently of ceiling 
supports.  Fasten boxes and supports with wood scre ws on wood, with bolts 
and expansion shields on concrete or brick, with to ggle bolts on hollow 
masonry units, and with machine screws or welded st uds on steel. [  Threaded 
studs driven in by powder charge and provided with lockwashers and nuts[ or 
nail-type nylon anchors] may be used in lieu of woo d screws, expansion 
shields, or machine screws.]   In open overhead spaces, cast boxes threaded 
to raceways need not be separately supported except  where used for fixture 
support; support sheet metal boxes directly from bu ilding structure or by 
bar hangers.  Where bar hangers are used, attach ba r to raceways on 
opposite sides of box, and support raceway with app roved-type fastener 
maximum 24 inches  from box.  When penetrating reinforced concrete me mbers, 
avoid cutting reinforcing steel.

3.1.6.1   Boxes

Boxes for use with raceway systems:  minimum  1 1/2 inches  deep, except 
where shallower boxes required by structural condit ions are approved.  
Boxes for other than lighting fixture outlets:  min imum 4 inches  square, 
except that  4 by 2 inch  boxes may be used where only one raceway enters 
outlet.  Telecommunications outlets:  a minimum of [ 4 inches square by 2 
1/8 inches deep] [  4 11/16 inches square by 2 1/8 inches deep ] [, except for 
[wall mounted telephones] [and] [outlet boxes for h andicap telephone 
stations]] .  Mount outlet boxes flush in finished walls.

3.1.6.2   Pull Boxes

Construct of at least minimum size required by NFPA 70 [  of code-gauge 
aluminum or galvanized sheet steel, ][  and] [ compatible with nonmetallic 
raceway systems,]  except where cast-metal boxes are required in loca tions 
specified herein.  Provide boxes with screw-fastene d covers.  Where several 
feeders pass through common pull box, tag feeders t o indicate clearly 
electrical characteristics, circuit number, and pan el designation.
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[ 3.1.6.3   Extension Rings

Extension rings are not permitted for new construct ion.  Use only on 
existing boxes in concealed conduit systems where w all is furred out for 
new finish.

] 3.1.7   Mounting Heights

Mount panelboards, [  enclosed ]  circuit breakers, [ motor controller]  and 
disconnecting switches so height of operating handl e at its highest 
position is maximum  78 inches  above floor.  Mount lighting switches [ and 
handicapped telecommunications stations] [  48 inches  above finished floor ] .  
Mount receptacles [  and telecommunications outlets ]  18 inches  above finished 
floor [ , unless otherwise indicated ] . [  Wall-mounted telecommunications 
outlets:  mounted at height[  60 inches  above finished floor][ indicated].] 
[  Mount other devices as indicated.][  Measure mou nting heights of wiring 
devices and outlets[ in non-hazardous areas ]to cen ter of device or 
outlet.][  Measure mounting heights of receptacle o utlet boxes in the[ 
hazardous area][_____] to the bottom of the outlet box.]

[ 3.1.8   Nonmetallic Sheathed Cable Installation

Where possible, install cables concealed behind cei ling or wall finish.  
Thread cables through holes bored on approximate ce nterline of wood 
members; notching of end surfaces is not permitted.   Provide sleeves 
through concrete or masonry for threading cables.  Install exposed cables 
parallel to or at right angles to walls or structur al members.  Protect 
exposed nonmetallic sheathed cables less than  4 feet  above floors from 
mechanical injury by installation in conduit or tub ing.  When cable is used 
in metal stud construction, insert plastic stud gro mmets in studs at each 
point through which cable passes, prior to installa tion of cable.

][ 3.1.9   Mineral Insulated, Metal Sheathed (Type MI) Cable I nstallation

Mineral-insulated, metal-sheathed cable system, Typ e MI, may be used in 
lieu of exposed conduit and wiring.  Conductor size s:  not less than those 
indicated for the conduit installation.  Fasten cab les within  12 inches  of 
each turn or offset and at  33 inches  maximum intervals.  Make cable 
terminations in accordance with NFPA 70  and cable manufacturer's 
recommendations.  Terminate single-conductor cables  of a circuit, having 
capacities of more than 50 amperes, in a single box  or cabinet opening.  
Color code individual conductors in all outlets and  cabinets.

] 3.1.8   Conductor Identification

Provide conductor identification within each enclos ure where tap, splice, 
or termination is made.  For conductors No. 6 AWG a nd smaller diameter, 
provide color coding by factory-applied, color-impr egnated insulation.  For 
conductors No. 4 AWG and larger diameter, provide c olor coding by 
plastic-coated, self-sticking markers; colored nylo n cable ties and plates; 
or heat shrink-type sleeves.  Identify control circ uit terminations in 
accordance with [ Section 23 09 53.00 20  SPACE TEMPERATURE CONTROL SYSTEMS.
][ Section [_____], [_____]][ Section 23 09 00  INSTRUMENTATION AND CONTROL 
FOR HVAC][ manufacturer's recommendations] . [   Provide telecommunications 
system conductor identification as specified in Sec tion 27 10 00  BUILDING 
TELECOMMUNICATIONS CABLING SYSTEMS.]
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3.1.8.1   Marking Strips

Provide marking strips in accordance with the follo wing:

a.  Provide white or other light-colored plastic ma rking strips, fastened 
by screws to each terminal block, for wire designat ions.

b.  Use permanent ink for the wire numbers

c.  Provide reversible marking strips to permit mar king both sides, or 
provide two marking strips with each block.

d.  Size marking strips to accommodate the two sets  of wire numbers.

e.  Assign a device designation in accordance with NEMA ICS 1  to each 
device to which a connection is made.  Mark each de vice terminal to 
which a connection is made with a distinct terminal  marking 
corresponding to the wire designation used on the C ontractor's 
schematic and connection diagrams.

f.  The wire (terminal point) designations used on the Contractor's wiring 
diagrams and printed on terminal block marking stri ps may be according 
to the Contractor's standard practice; however, pro vide additional wire 
and cable designations for identification of remote  (external) circuits 
for the Government's wire designations.

g.  Prints of the marking strips  drawings submitted for approval will be so 
marked and returned to the Contractor for addition of the designations 
to the terminal strips and tracings, along with any  rearrangement of 
points required.

3.1.9   Splices

Make splices in accessible locations.  Make splices  in conductors No. 10 
AWG and smaller diameter with insulated, pressure-t ype connector.  Make 
splices in conductors No. 8 AWG and larger diameter  with solderless 
connector, and cover with insulation material equiv alent to conductor 
insulation.

3.1.9.1   Splices of Aluminum Conductors

Make with solderless circumferential compression-ty pe, aluminum-bodied 
connectors UL listed for AL/CU.  Remove surface oxi des from aluminum 
conductors by wire brushing and immediately apply o xide-inhibiting joint 
compound and insert in connector.  After joint is m ade, wipe away excess 
joint compound, and insulate splice.

[ 3.1.10   Terminating Aluminum Conductors

3.1.10.1   Termination to Copper Bus

Terminate aluminum conductors to copper bus either by:  (a) inline splicing 
a copper pigtail, of ampacity at least that of alum inum conductor, or (b) 
utilizing circumferential, compression-type, alumin um-bodied terminal lug 
UL listed for AL/CU, and steel Belleville cadmium-p lated hardened steel 
spring washers, flat washers, bolts, and nuts.  Car efully install 
Belleville spring washers with crown up toward nut or bolt head, with 
concave side of Belleville bearing on heavy-duty, w ide series flat washer 
of larger diameter than Belleville.  Tighten nuts s ufficiently to flatten 
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Belleville, and leave in position.  Lubricate hardw are with joint compound 
prior to making connection.  Wire brush and apply j oint compound to 
conductor prior to inserting in lug.

3.1.10.2   Termination to Aluminum Bus

Terminate aluminum conductors to aluminum bus by us ing aluminum nuts, 
bolts, washers, and compression lugs.  Wire brush a nd apply joint compound 
to conductor prior to inserting in lug.  Lubricate hardware with joint 
compound prior to making connection.  When bus cont act surface is unplated, 
scratch-brush and coat with joint compound, without  grit.

] 3.1.10   Covers and Device Plates

Install with edges in continuous contact with finis hed wall surfaces 
without use of mats or similar devices.  Plaster fi llings are not 
permitted.  Install plates with alignment tolerance  of  1/16 inch .  Use of 
sectional-type device plates are not permitted.  Pr ovide gasket for plates 
installed in wet locations.

3.1.11   Electrical Penetrations

Seal openings around electrical penetrations throug h fire resistance-rated 
walls, partitions, floors, or ceilings in accordanc e with Section 07 84 00  
FIRESTOPPING.

3.1.12   Grounding and Bonding

Provide in accordance with NFPA 70 [  and NFPA 780 ] .  Ground exposed, 
non-current-carrying metallic parts of electrical e quipment, [  access 
flooring support system, ]  metallic raceway systems, grounding conductor in 
metallic and nonmetallic raceways, telecommunicatio ns system grounds, 
[grounding conductor of nonmetallic sheathed cables , ] and neutral conductor 
of wiring systems. [  Make ground connection at main service equipment , and 
extend grounding conductor to point of entrance of metallic water service.  
Make connection to water pipe by suitable ground cl amp or lug connection to 
plugged tee. If flanged pipes are encountered, make  connection with lug 
bolted to street side of flanged connection.  Suppl ement metallic water 
service grounding system with additional made elect rode in compliance with 
NFPA 70 .][  Make ground connection to driven ground rods on ext erior of 
building. ][  Interconnect all grounding media in or on the struc ture to 
provide a common ground potential.  This includes l ightning protection, 
electrical service, telecommunications system groun ds, as well as 
underground metallic piping systems.  Make intercon nection to the gas line 
on the customer's side of the meter.  Use main size  lightning conductors 
for interconnecting these grounding systems to the lightning protection 
system. ]   In addition to the requirements specified herein,  provide 
telecommunications grounding in accordance with TIA-607 .  Where ground 
fault protection is employed, ensure that connectio n of ground and neutral 
does not interfere with correct operation of fault protection.

3.1.12.1   Ground Rods

Provide cone pointed ground rods.  Measure the resi stance to ground using 
the fall-of-potential method described in IEEE 81 .  Do not exceed 25 ohms 
under normally dry conditions for the maximum resis tance of a driven 
ground.  If this resistance cannot be obtained with  a single rod, [_____]  
additional rods, spaced on center, not less than tw ice the distance of the 
length of the rod, [ or if sectional type rods are used,[_____] additi onal 
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sections may be coupled and driven with the first r od] . [  In 
high-ground-resistance, UL listed chemically charge d ground rods may be 
used.]   If the resultant resistance exceeds 25 ohms measu red not less than 
48 hours after rainfall, notify the Contracting Off icer who will decide on 
the number of ground rods to add.

 3.1.12.2   Grounding Connections

Make grounding connections which are buried or othe rwise normally 
inaccessible, [ excepting specifically those connections for whic h access 
for periodic testing is required,]  by exothermic weld or compression 
connector.

a.  Make exothermic welds strictly in accordance wi th the weld 
manufacturer's written recommendations.  Welds whic h are "puffed up" or 
which show convex surfaces indicating improper clea ning are not 
acceptable.  Mechanical connectors are not required  at exothermic welds.

b.  Make compression connections using a hydraulic compression tool to 
provide the correct circumferential pressure.  Prov ide tools and dies 
as recommended by the manufacturer.  Use an embossi ng die code or other 
standard method to provide visible indication that a connector has been 
adequately compressed on the ground wire.

3.1.12.3   Ground Bus

Provide a copper ground bus in the electrical equip ment rooms as indicated. 
Noncurrent-carrying metal parts of [ transformer neutrals and other 
electrical] [  electrical ]  equipment:  effectively grounded by bonding to the  
ground bus.  Bond the ground bus to both the entran ce ground, and to a 
ground rod or rods as specified above having the up per ends terminating 
approximately  4 inches  above the floor.  Make connections and splices of 
the brazed, welded, bolted, or pressure-connector t ype, except use pressure 
connectors or bolted connections for connections to  removable equipment. [  
For raised floor equipment rooms in computer and da ta processing centers, 
provide a minimum of 4, one at each corner, ground buses connected to the 
building grounding system.  Use bolted connections in lieu of thermoweld, 
so they can be changed as required by additions and /or alterations.]

3.1.12.4   Resistance

Maximum resistance-to-ground of grounding system:  do not exceed [  5 ][_____]  
ohms under dry conditions.  Where resistance obtain ed exceeds [  5 ][_____]  
ohms, contact Contracting Officer for further instr uctions.

3.1.12.5   Telecommunications System

Provide telecommunications grounding in accordance with the following:

a.  Telecommunications Grounding Busbars:  Provide a telecommunications 
main grounding busbar (TMGB) in the telecommunicati ons entrance 
facility.  Install the TMGB as close to the electri cal service entrance 
grounding connection as practicable. [  Provide a telecommunications 
grounding busbar (TGB) in all other telecommunicati ons rooms and 
telecommunications equipment rooms.  Install the TG B as close to the 
telecommunications room panelboard as practicable, when equipped.  
Where a panelboard for telecommunications equipment  is not installed in 
the telecommunications room, locate the TGB near th e backbone cabling 
and associated terminations. In addition, locate th e TGB to provide for 
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the shortest and straightest routing of the groundi ng conductors.  
Where a panelboard for telecommunications equipment  is located within 
the same room or space as a TGB, bond that panelboa rd’s alternating 
current equipment ground (ACEG) bus (when equipped)  or the panelboard 
enclosure to the TGB.]   Install telecommunications grounding busbars to 
maintain clearances as required by NFPA 70  and insulated from its 
support.  A minimum of  2 inches  separation from the wall is recommended 
to allow access to the rear of the busbar and adjus t the mounting 
height to accommodate overhead or underfloor cable routing.

b.  Telecommunications Bonding Conductors:  Provide  main telecommunications 
service equipment ground consisting of separate bon ding conductor for 
telecommunications, between the TMGB and readily ac cessible grounding 
connection of the electrical service.  Grounding an d bonding conductors 
should not be placed in ferrous metallic conduit.  If it is necessary 
to place grounding and bonding conductors in ferrou s metallic conduit 
that exceeds 3 feet  in length, bond the conductors to each end of the 
conduit using a grounding bushing or a No. 6 AWG co nductor, minimum. [  
Provide a telecommunications bonding backbone (TBB)  that originates at 
the TMGB extends throughout the building using the telecommunications 
backbone pathways, and connects to the TGBs in all telecommunications 
rooms and equipment rooms.  Install the TBB conduct ors such that they 
are protected from physical and mechanical damage.  The TBB conductors 
should be installed without splices and routed in t he shortest possible 
straight-line path.  Make the bonding conductor bet ween a TBB and a TGB 
continuous.  Where splices are necessary, the numbe r of splices should 
be a minimum.  Make the splices accessible and loca ted in 
telecommunications spaces.  Connect joined segments  of a TBB using 
exothermic welding, irreversible compression-type c onnectors, or 
equivalent.  Install all joints to be adequately su pported and 
protected from damage.  Whenever two or more TBBs a re used within a 
multistory building, bond the TBBs together with a grounding equalizer 
(GE) at the top floor and at a minimum of every thi rd floor in 
between.  Do not connect the TBB and GE to the path way ground, except 
at the TMGB or the TGB.]

c.  Telecommunications Grounding Connections:  Tele communications grounding 
connections to the TMGB [  or TGB ] :  utilize listed compression two-hole 
lugs, exothermic welding, suitable and equivalent o ne hole non-twisting 
lugs, or other irreversible compression type connec tions.  Bond all 
metallic pathways, cabinets, and racks for telecomm unications cabling 
and interconnecting hardware located within the sam e room or space as 
the TMGB [  or TGB ]  to the TMGB [  or TGB respectively ] .  In a metal frame 
(structural steel) building, where the steel framew ork is readily 
accessible within the room; bond each TMGB [  and TGB ]  to the vertical 
steel metal frame using a minimum No. 6 AWG conduct or.  Where the metal 
frame is external to the room and readily accessibl e, bond the metal 
frame to the TGB or TMGB with a minimum No. 6 AWG c onductor.  When 
practicable because of shorter distances and, where  horizontal steel 
members are permanently electrically bonded to vert ical column members, 
the TGB may be bonded to these horizontal members i n lieu of the 
vertical column members.  All connectors used for b onding to the metal 
frame of a building must be listed for the intended  purpose.

3.1.13   Equipment Connections

Provide power wiring for the connection of motors a nd control equipment 
under this section of the specification.  Except as  otherwise specifically 
noted or specified, automatic control wiring, contr ol devices, and 
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protective devices within the control circuitry are  not included in this 
section of the specifications and are provided unde r the section specifying 
the associated equipment.

3.1.14   Elevator

 Provide circuit to line terminals of elevator contr oller, and disconnect 
switch on line side of controller, outlet for contr ol power, outlet 
receptacle and work light at midheight of elevator shaft, and work light 
and outlet receptacle in elevator pit.

[ 3.1.15   Government-Furnished Equipment

Contractor[ rough-in for Government-furnished equip ment][ make connections 
to Government-furnished equipment] to make equipmen t operate as intended, 
including providing miscellaneous items such as plu gs, receptacles, wire, 
cable, conduit, flexible conduit, and outlet boxes or fittings.

] 3.1.15   Repair of Existing Work

Perform repair of existing work [ , demolition, and modification of existing 
electrical distribution systems ]  as follows:

3.1.15.1   Workmanship

Lay out work in advance.  Exercise care where cutti ng, channeling, chasing, 
or drilling of floors, walls, partitions, ceilings,  or other surfaces is 
necessary for proper installation, support, or anch orage of conduit, 
raceways, or other electrical work.  Repair damage to buildings, piping, 
and equipment using skilled craftsmen of trades inv olved.

3.1.15.2   Existing Concealed Wiring to be Removed

Disconnect existing concealed wiring to be removed from its source.  Remove 
conductors; cut conduit flush with floor, underside  of floor, and through 
walls; and seal openings.

[ 3.1.15.3   Removal of Existing Electrical Distribution System

Removal of existing electrical distribution system equipment includes 
equipment's associated wiring, including conductors , cables, exposed 
conduit, surface metal raceways, boxes, and fitting s, [  back to equipment's 
power source ]  as indicated.

][ 3.1.15.4   Continuation of Service

Maintain continuity of existing circuits of equipme nt to remain.  Maintain 
existing circuits of equipment energized.  Restore circuits wiring and 
power which are to remain but were disturbed during  demolition back to 
original condition.

] [ 3.1.16   Watthour Meters

ANSI C12.1 .

] 3.1.16   Surge Protective Devices

Connect the surge protective devices in parallel to  the power source, 
keeping the conductors as short and straight as pra ctically possible.  
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Maximum allowed lead length is  3 feet .

3.2   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of  nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.3   WARNING SIGN MOUNTING

Provide the number of signs required to be readable  from each accessible 
side.  Space the signs in accordance with NFPA 70E.

3.4   FIELD APPLIED PAINTING

Paint electrical equipment as required to match fin ish of adjacent surfaces 
or to meet the indicated or specified safety criter ia.  [Painting:  as 
specified in Section 09 90 00  PAINTS AND COATINGS.][Where field painting of 
enclosures for panelboards, load centers or the lik e is specified to match 
adjacent surfaces, to correct damage to the manufac turer's factory applied 
coatings, or to meet the indicated or specified saf ety criteria, provide 
manufacturer's recommended coatings and apply in ac cordance to 
manufacturer's instructions.]

3.5   FIELD QUALITY CONTROL

Furnish test equipment and personnel and submit wri tten copies of test 
results.  Give Contracting Officer [  5 ][_____]  working days notice prior to [  
each ][_____]  test [s] .

3.5.1   Devices Subject to Manual Operation

Operate each device subject to manual operation at least five times, 
demonstrating satisfactory operation each time.

3.5.2   600-Volt Wiring Test

Test wiring rated 600 volt and less to verify that no short circuits or 
accidental grounds exist.  Perform insulation resis tance tests on wiring 
No. 6 AWG and larger diameter using instrument whic h applies voltage of 
approximately 500 volts to provide direct reading o f resistance.  Minimum 
resistance:  250,000 ohms.

3.5.3   Transformer Tests

Perform the standard, not optional, tests in accord ance with the Inspection 
and Test Procedures for transformers, dry type, air -cooled, 600 volt and 
below; as specified in NETA ATS.  Measure primary and secondary voltages 
for proper tap settings.  Tests need not be perform ed by a recognized 
independent testing firm or independent electrical consulting firm.

3.5.4   Ground-Fault Receptacle Test

Test ground-fault receptacles with a "load" (such a s a plug in light) to 
verify that the "line" and "load" leads are not rev ersed.

3.5.5   Grounding System Test

Test grounding system to ensure continuity, and tha t resistance to ground 
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is not excessive.  Test each ground rod for resista nce to ground before 
making connections to rod; tie grounding system tog ether and test for 
resistance to ground.  Make resistance measurements  in dry weather, not 
earlier than 48 hours after rainfall.  Submit writt en results of each test 
to Contracting Officer, and indicate location of ro ds as well as resistance 
and soil conditions at time measurements were made.

[ 3.5.6   Watthour Meter

a.  Visual and mechanical inspection

(1)  Examine for broken parts, shipping damage, and  tightness of 
connections.

(2)  Verify that meter type, scales, and connection s are in accordance 
with approved shop drawings.  

b.  Electrical tests

(1)  Determine accuracy of meter.

(2)  Calibrate watthour meters to one-half percent.

(3)  Verify that correct multiplier has been placed  on face of meter, 
where applicable.

]         -- End of Section --
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SECTI ON 26 28 01. 00 10

COORDI NATED POWER SYSTEM PROTECTI ON
10/07

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C2 ( 2007;  Er r at a 2007;  I NT 2008)  Nat i onal  
El ect r i cal  Saf et y Code

I EEE C37. 13 ( 1990;  R 1995)  St andar d f or  Low- Vol t age AC 
Power  Ci r cui t  Br eaker s Used i n Encl osur es

I EEE C37. 16 ( 2000)  Recommendat i ons f or  Low- Vol t age 
Power  Ci r cui t  Br eaker s and AC Power  
Ci r cui t  Pr ot ect or s,  -  Pr ef er r ed Rat i ngs,  
Rel at ed Requi r ement s,  and Appl i cat i on

I EEE C37. 46 ( 2000)  For  Hi gh Vol t age Expul s i on and 
Cur r ent - Li mi t i ng Type Power  Cl ass Fuses 
and Fuse Di sconnect i ng Swi t ches

I EEE St d 242 ( 2001;  Er r at a 2003)  Recommended Pr act i ce 
f or  Pr ot ect i on and Coor di nat i on of  
I ndust r i al  and Commer ci al  Power  Syst ems -  
Buf f  Book

I EEE St d 399 ( 1997)  Recommended Pr act i ce f or  Power  
Syst ems Anal ysi s -  Br own Book

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA AB 1 ( 2002)  Mol ded- Case Ci r cui t  Br eaker s,  
Mol ded Case Swi t ches,  and Ci r cui t - Br eaker  
Enclosures

NEMA FU 1 ( 2002;  R 2007)  Low Vol t age Car t r i dge Fuses

NEMA I CS 1 ( 2000;  R 2005;  R 2008)  St andar d f or  
I ndust r i al  Cont r ol  and Syst ems Gener al  
Requirements

NEMA I CS 2 ( 2000;  Er r at a 2002;  R 2005;  Er r at a 2006)  
St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:   Cont r ol l er s,  Cont r act or s,  and 
Over l oad Rel ays Rat ed Not  Mor e t han 2000 
Vol t s AC or  750 Vol t s DC:  Par t  8 -  
Di sconnect  Devi ces f or  Use i n I ndust r i al  
Cont r ol  Equi pment
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NEMA I CS 3 ( 2005)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:   Medi um Vol t age Cont r ol l er s Rat ed 
2001 t o 7200 Vol t s AC

NEMA I CS 6 ( 1993;  R 2006)  St andar d f or  I ndust r i al  
Cont r ol s and Syst ems Encl osur es

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (20 17)  Nat i onal  El ect r i cal  Code -  2017 
Edition

UNDERWRI TERS LABORATORI ES ( UL)

UL 198M ( 2003;  Rev t hr u Oct  2007)  Mi ne- Dut y Fuses

UL 486E ( 1994;  Rev t hr u May 2000)  Equi pment  Wi r i ng 
Ter mi nal s f or  Use wi t h Al umi num and/ or  
Copper  Conduct or s

UL 489 ( 2002;  Rev t hr u Mar  2009)  St andar d f or  
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 508 ( 1999;  Rev t hr u Sep 2008)  St andar d f or  
I ndust r i al  Cont r ol  Equi pment

UL 845 ( 2005;  Rev t hr u Aug 2006)  St andar d f or  
Mot or  Cont r ol  Cent er s

UL 877 ( 1993;  Rev t hr u Nov 1999)  Ci r cui t  Br eaker s 
and Ci r cui t - Br eaker  Encl osur es f or  Use i n 
Hazar dous ( Cl assi f i ed)  Locat i ons

1. 2   SYSTEM DESCRI PTI ON

The power  syst em cover ed by t hi s speci f i cat i on consi st s of :   exi st i ng mai n 
t r ansf or mer  f usi ng,  mai n di st r i but i on swi t chboar d br eaker s,  di st r i but i on 
panel boar d br eaker  and br anch panel boar d br eaker s.   .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  i nf or mat i on onl y.   When 
used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on i dent i f i es t he of f i ce 
t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Faul t  Cur r ent  Anal ysi s
Pr ot ect i ve Devi ce Coor di nat i on St udy

  The st udy al ong wi t h pr ot ect i ve devi ce equi pment  submi t t al s.   No 
t i me ext ensi ons or  s i mi l ar  cont act  modi f i cat i ons wi l l  be gr ant ed 
f or  wor k ar i s i ng out  of  t he r equi r ement s f or  t hi s st udy.   Appr oval  
of  pr ot ect i ve devi ces pr oposed wi l l  be based on r ecommendat i ons of  
t hi s st udy.   The Gover nment  shal l  not  be hel d r esponsi bl e f or  any 
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changes t o equi pment ,  devi ce r at i ngs,  set t i ngs,  or  addi t i onal  
l abor  f or  i nst al l at i on of  equi pment  or  devi ces or der ed and/ or  
pr ocur ed pr i or  t o appr oval  of  t he st udy.

Equipment

  Dat a consi st i ng of  manuf act ur er ' s t i me- cur r ent  char act er i st i c  
cur ves f or  i ndi v i dual  pr ot ect i ve devi ces,  r ecommended set t i ngs of  
adj ust abl e pr ot ect i ve devi ces,  and r ecommended r at i ngs of  
non- adj ust abl e pr ot ect i ve devi ces.

Syst em Coor di nat or

  Ver i f i cat i on of  exper i ence and l i cense number ,  of  a r egi st er ed 
Pr of essi onal  Engi neer  wi t h at  l east  3 year s of  cur r ent  exper i ence 
i n t he desi gn of  coor di nat ed power  syst em pr ot ect i on.   Exper i ence 
dat a shal l  i ncl ude at  l east  f i ve r ef er ences f or  wor k of  a 
magni t ude compar abl e t o t hi s cont r act ,  i ncl udi ng poi nt s of  
cont act ,  addr esses and t el ephone number s.   Thi s engi neer  must  
per f or m i t ems r equi r ed by t hi s sect i on t o be per f or med by a 
r egi st er ed Pr of essi onal  Engi neer .

Pr ot ect i ve Rel ays

  Dat a i ncl udi ng cal i br at i on and t est i ng pr ocedur es and 
i nst r uct i ons per t ai ni ng t o t he f r equency of  cal i br at i on,  
i nspect i on,  adj ust ment ,  c l eani ng,  and l ubr i cat i on.

Installation

  Pr ocedur es i nc l udi ng di agr ams,  i nst r uct i ons,  and pr ecaut i ons 
r equi r ed t o pr oper l y i nst al l ,  adj ust ,  cal i br at e,  and t est  t he 
devi ces and equi pment .

SD- 06 Test  Repor t s

Fi el d Test i ng

  The pr oposed t est  pl an,  pr i or  t o f i el d t est s,  consi st i ng of  
compl et e f i el d t est  pr ocedur e i nc l udi ng t est s t o be per f or med,  
t est  equi pment  r equi r ed,  and t ol er ance l i mi t s,  i nc l udi ng compl et e 
t est i ng and ver i f i cat i on of  t he gr ound f aul t  pr ot ect i on equi pment ,  
wher e used.   Per f or mance t est  r epor t s i n bookl et  f or m showi ng al l  
f i el d t est s per f or med t o adj ust  each component  and al l  f i el d t est s 
per f or med t o pr ove compl i ance wi t h t he speci f i ed per f or mance 
cr i t er i a,  upon compl et i on and t est i ng of  t he i nst al l ed syst em.   
Each t est  r epor t  shal l  i ndi cat e t he f i nal  posi t i on of  cont r ol s.

SD- 07 Cer t i f i cat es

Devi ces and Equi pment

  Cer t i f i cat es cer t i f y i ng t hat  al l  devi ces or  equi pment  meet  t he 
r equi r ement s of  t he cont r act  document s.
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1. 4   QUALI TY ASSURANCE

1. 4. 1   Syst em Coor di nat or

Syst em coor di nat i on,  r ecommended r at i ngs and set t i ngs of  pr ot ect i ve 
devi ces,  and desi gn anal ysi s shal l  be accompl i shed by a r egi st er ed 
pr of essi onal  el ect r i cal  power  engi neer  wi t h a mi ni mum of  3 year s of  cur r ent  
exper i ence i n t he coor di nat i on of  el ect r i cal  power  syst ems.

1. 4. 2   Syst em I nst al l er

Cal i br at i on,  t est i ng,  adj ust ment ,  and pl aci ng i nt o ser vi ce of  t he 
pr ot ect i ve devi ces shal l  be accompl i shed by a manuf act ur er ' s pr oduct  f i el d 
ser vi ce engi neer  or  i ndependent  t est i ng company wi t h a mi ni mum of  t wo year s 
of  cur r ent  pr oduct  exper i ence i n pr ot ect i ve devi ces.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Devi ces and equi pment  shal l  be v i sual l y i nspect ed when r ecei ved and pr i or  
t o accept ance f r om conveyance.   Pr ot ect  st or ed i t ems f r om t he envi r onment  
i n accor dance wi t h t he manuf act ur er ' s publ i shed i nst r uct i ons.   Damaged 
i t ems shal l  be r epl aced.

1. 6   PROJECT/ SI TE CONDI TI ONS

Devi ces and equi pment  f ur ni shed under  t hi s sect i on shal l  be sui t abl e f or  
t he f ol l owi ng s i t e condi t i ons.   Sei smi c det ai l s  shal l  conf or m t o UFC 
3- 310- 04 SEI SMI C DESI GN FOR BUI LDI NGSAND 26 05 48. 00 10 SEI SMI C PROTECTI ON 
FOR ELECTRI CAL EQUI PMENT.

a.   Al t i t ude:   4800 FT

b.   Ambi ent  Temper at ur e:   bet ween 0- degr ees F and 104- degr ees F

c.   Fr equency:   60 Hz

d.   Fungus Cont r ol :   None

e.   Hazar dous Cl assi f i cat i on:   As i ndi cat ed on t he dr awi ngs

f .   Humi di t y Cont r ol :   None

g.   Vent i l at i on:   None

h.   Sei smi c Par amet er s:   As r equi r ed by t he equi pment  t hat  houses t he 
over cur r ent  devi ce

i .   Ot her :   None

PART 2   PRODUCTS

2. 1   STANDARD PRODUCT

Pr ovi de pr ot ect i ve devi ces and equipment  whi ch ar e t he st andar d pr oduct  of  
a manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct  and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y ut i l i t y  t ype use 
f or  at  l east  t wo year s pr i or  t o bi d openi ng.
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2. 2   NAMEPLATES

Pr ovi de namepl at es t o i dent i f y al l  pr ot ect i ve devi ces and equi pment .   
Namepl at e i nf or mat i on shal l  be i n accor dance wi t h NEMA AB 1.

2. 3   CORROSI ON PROTECTI ON

Met al l i c  mat er i al s shal l  be pr ot ect ed agai nst  cor r osi on.   Fer r ous met al  
har dwar e shal l  be z i nc or  chr ome- pl at ed.

2. 4   MOTOR CONTROLS AND MOTOR CONTROL CENTERS

Mot or  cont r ol s and mot or  cont r ol  cent er s shal l  be i n accor dance wi t h 
NEMA I CS 1, NEMA I CS 2, NEMA I CS 3 and NEMA I CS 6,  and UL 508and UL 845.

2. 4. 1   Mot or  St ar t er s

Pr ovi de combi nat i on st ar t er s wi t h c i r cui t  br eaker s .

2. 4. 2   Reduced- Vol t age St ar t er s

Pr ovi de r educed- vol t age st ar t er s f or  pol yphase mot or s 1/2  hp or  l ar ger ,  of  
t he s i ngl e- st ep aut ot r ansf or mer ,  r eact or ,  or  r esi st or  t ype havi ng an 
adj ust abl e t i me i nt er val  bet ween appl i cat i on of  r educed and f ul l  vol t ages 
t o t he mot or s.   Wye- del t a r educed vol t age st ar t er  or  par t  wi ndi ng i ncr ement  
st ar t er s havi ng an adj ust abl e t i me del ay bet ween appl i cat i on of  vol t age t o 
f i r st  and second wi ndi ng of  mot or ,  may be used i n l i eu of  t he r educed 
vol t age st ar t er s speci f i ed above f or  st ar t i ng of  mot or - gener at or  set s,  
cent r i f ugal l y oper at ed equi pment  or  r eci pr ocat i ng compr essor s pr ovi ded wi t h 
aut omat i c unl oader s.

2. 4. 3   Ther mal - Over l oad Pr ot ect i on

Each mot or  of  1/ 8 hp or  l ar ger  shal l  be pr ovi ded wi t h t her mal - over l oad 
pr ot ect i on.   Pol yphase mot or s shal l  have over l oad pr ot ect i on i n each 
ungr ounded conduct or .   The over l oad- pr ot ect i on devi ce shal l  be pr ovi ded 
ei t her  i nt egr al  wi t h t he mot or  or  cont r ol l er ,  or  shal l  be mount ed i n a 
separ at e encl osur e.   Unl ess ot her wi se speci f i ed,  t he pr ot ect i ve devi ce 
shal l  be of  t he manual l y r eset  t ype.   Si ngl e or  doubl e pol e t umbl er  
swi t ches speci f i cal l y  desi gned f or  al t er nat i ng- cur r ent  oper at i on onl y may 
be used as manual  cont r ol l er s f or  s i ngl e- phase mot or s havi ng a cur r ent  
r at i ng not  i n excess of  80 per cent  of  t he swi t ch r at i ng.

2. 4. 4   Low- Vol t age Mot or  Over l oad Rel ays

2. 4. 4. 1   Gener al

Ther mal  over l oad r el ays shal l  conf or m t o NEMA I CS 2 and UL 508.   Over l oad 
pr ot ect i on shal l  be pr ovi ded ei t her  i nt egr al  wi t h t he mot or  or  cont r ol l er ,  
and shal l  be r at ed i n accor dance wi t h t he r equi r ement s of  NFPA 70.   
St andar d uni t s shal l  be used f or  mot or  st ar t i ng t i mes up t o 7 second.  

2. 4. 4. 2   Const r uct i on

Manual  r eset  t ype t her mal  r el ays shal l  be bi met al l i c  const r uct i on.   
Aut omat i c r eset  t ype r el ays shal l  be bi met al l i c  const r uct i on.   Magnet i c 
cur r ent  r el ays shal l  consi st  of  a cont act  mechani sm and a dash pot  mount ed 
on a common f r ame.
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2. 4. 4. 3   Rat i ngs

Vol t age r at i ngs shal l  be not  l ess t han t he appl i cabl e c i r cui t  vol t age.   
Tr i p cur r ent  r at i ngs shal l  be est abl i shed by sel ect i on of  t he r epl aceabl e 
over l oad devi ce and shal l  not  be adj ust abl e.   Wher e t he cont r ol l er  i s  
r emot el y- l ocat ed or  di f f i cul t  t o r each,  an aut omat i c r eset ,  non- compensat ed 
over l oad r el ay shal l  be pr ovi ded.   Manual  r eset  over l oad r el ays shal l  be 
pr ovi ded ot her wi se,  and at  al l  l ocat i ons wher e aut omat i c st ar t i ng i s 
pr ovi ded.   Wher e t he mot or  i s  l ocat ed i n a const ant  ambi ent  t emper at ur e,  
and t he t her mal  devi ce i s l ocat ed i n an ambi ent  t emper at ur e t hat  r egul ar l y 
var i es by mor e t han 14 degr ees F,  an ambi ent  t emper at ur e- compensat ed 
over l oad r el ay shal l  be pr ovi ded.

2. 4. 5   Aut omat i c Cont r ol  Devi ces

2. 4. 5. 1   Di r ect  Cont r ol

Aut omat i c cont r ol  devi ces ( such as t her most at s,  f l oat  or  pr essur e swi t ches)  
whi ch cont r ol  t he st ar t i ng and st oppi ng of  mot or s di r ect l y shal l  be 
desi gned f or  t hat  pur pose and have an adequat e hor sepower  r at i ng.

2. 4. 5. 2   Pi l ot - Rel ay Cont r ol

Wher e t he aut omat i c- cont r ol  devi ce does not  have such a r at i ng,  a magnet i c 
st ar t er  shal l  be used,  wi t h t he aut omat i c- cont r ol  devi ce act uat i ng t he 
pi l ot - cont r ol  c i r cui t .

2. 4. 5. 3   Manual / Aut omat i c Sel ect i on

a.   Wher e combi nat i on manual  and aut omat i c cont r ol  i s  speci f i ed and t he 
aut omat i c- cont r ol  devi ce act uat es t he pi l ot  cont r ol  c i r cui t  of  a 
magnet i c st ar t er ,  t he magnet i c st ar t er  shal l  be pr ovi ded wi t h a 
t hr ee- posi t i on sel ect or  swi t ch mar ked MANUAL- OFF- AUTOMATI C.

b.   Connect i ons t o t he sel ect or  swi t ch shal l  onl y al l ow t he nor mal  
aut omat i c r egul at or y cont r ol  devi ces t o be bypassed when t he swi t ch i s 
i n t he Manual  posi t i on;  al l  saf et y cont r ol  devi ces,  such as l ow- or  
hi gh- pr essur e cut out s,  hi gh- t emper at ur e cut out s,  and mot or - over l oad 
pr ot ect i ve devi ces,  shal l  be connect ed i n t he mot or - cont r ol  c i r cui t  i n 
bot h t he Manual  and t he Aut omat i c posi t i ons of  t he sel ect or  swi t ch.   
Cont r ol  c i r cui t  connect i ons t o any MANUAL- OFF- AUTOMATI C swi t ch or  t o 
mor e t han one aut omat i c r egul at or y cont r ol  devi ce shal l  be made i n 
accor dance wi t h wi r i ng di agr am appr oved by t he cont r act i ng Of f i cer  
unl ess such di agr am i s i ncl uded on t he dr awi ngs.   Al l  cont r ol s shal l  be 
120 vol t s or  l ess unl ess ot her wi se i ndi cat ed. 2. 5   LOW- VOLTAGE FUSES

2. 5. 1   Gener al

Low- vol t age f uses shal l  conf or m t o NEMA FU 1.   Ti me del ay and nont i me del ay 
opt i ons shal l  be as speci f i ed.   Equi pment  pr ovi ded under  t hi s cont r act  
shal l  be pr ovi ded wi t h a compl et e set  of  pr oper l y r at ed f uses when t he 
equi pment  manuf act ur er  ut i l i zes f uses i n t he manuf act ur e of  t he equi pment ,  
or  i f  cur r ent - l i mi t i ng f uses ar e r equi r ed t o be i nst al l ed t o l i mi t  t he 
amper e- i nt er r upt i ng capaci t y of  c i r cui t  br eaker s or  equi pment  t o l ess t han 
t he maxi mum avai l abl e f aul t  cur r ent  at  t he l ocat i on of  t he equi pment  t o be 
i nst al l ed.   Fuses shal l  have a vol t age r at i ng of  not  l ess t han t he 
phase- t o- phase c i r cui t  vol t age,  and shal l  have t he t i me- cur r ent  
char act er i st i cs r equi r es f or  ef f ect i ve power  syst em coor di nat i on.
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2. 5. 2   Car t r i dge Fuses;  Cur r ent - Li mi t i ng Type

Car t r i dge f uses,  cur r ent - l i mi t i ng t ype,  Cl ass RK5 shal l  have t est ed 
i nt er r upt i ng capaci t y not  l ess t han 100, 000 amper es.   Fuse hol der s shal l  be 
t he t ype t hat  wi l l  r ej ect  Cl ass H f uses.

c.   Cl ass R f uses shal l  conf or m t o UL 198M.

2. 5. 2. 1   Mot or  and Tr ansf or mer  Ci r cui t  Fuses

Mot or ,  mot or  cont r ol l er ,  t r ansf or mer ,  and i nduct i ve c i r cui t  f uses shal l  be 
Cl ass RK1 or  RK5,  cur r ent - l i mi t i ng,  t i me- del ay wi t h 200, 000 amper es 
i nt er r upt i ng capaci t y.

2. 6   MEDI UM- VOLTAGE AND HI GH- VOLTAGE FUSES

2. 6. 1   Gener al

Medi um- vol t age and hi gh- vol t age f uses shal l  be di st r i but i on f use cut out s or  
power  f uses,  E- r at ed,  C- r at ed,  or  R- r at ed cur r ent - l i mi t i ng f uses as shown.

2. 6. 2   Const r uct i on

Uni t s shal l  be sui t abl e f or  out door  use.   Fuses shal l  have i nt egr al  
bl own- f use i ndi cat or s.   Al l  r at i ngs shal l  be c l ear l y v i s i bl e.

2. 6. 3   Rat i ngs

Vol t age r at i ngs shal l  be not  l ess t han t he appl i cabl e c i r cui t  vol t age.   
Cont i nuous- cur r ent  r at i ngs shal l  be as shown.

2. 6. 3. 1   Power  Fuses

 Cur r ent - l i mi t i ng power  f uses shal l  have r at i ngs i n accor dance wi t h 
I EEE C37. 46 and as f ol l ows:

a.   Nomi nal  vol t age. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,470

b.   Rat ed maxi mum vol t age. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15,000

c.   Maxi mum symmet r i cal  i nt er r upt i ng capaci t y. . . . . . . . . . 10,000

d.   Rat ed cont i nuous cur r ent . . . . . . . . . . . . . . . . . . . . . . . . . . . 200A Max

e.   BI L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 kV

2. 6. 3. 2   E- Rat ed,  Cur r ent - Li mi t i ng Power  Fuses

E- r at ed,  cur r ent - l i mi t i ng,  power  f uses shal l  conf or m t o I EEE C37. 46.

2. 6. 3. 3   C- Rat ed,  Cur r ent - Li mi t i ng Fuses

C- r at ed,  cur r ent - l i mi t i ng,  power  f uses shal l  open i n 1000 seconds at  
cur r ent s bet ween 170 and 240 per cent  of  t he C r at i ng.

2. 6. 3. 4   R- Rat ed,  Cur r ent - Li mi t i ng Fuses

R- r at ed,  cur r ent - l i mi t i ng,  f uses shal l  be used wi t h medi um- vol t age mot or  
cont r ol l er s onl y.   R- r at ed f uses shal l  conf or m t o I EEE C37. 46.
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2. 7   MOLDED- CASE CI RCUI T BREAKERS

2. 7. 1   Gener al

Mol ded- case ci r cui t  br eaker s shal l  conf or m t o NEMA AB 1 and UL 489.   
Ci r cui t  br eaker s may be i nst al l ed i n panel boar ds,  swi t chboar ds,  encl osur es,  
mot or  cont r ol  cent er s,  or  combi nat i on mot or  cont r ol l er s.   Ci r cui t  br eaker s 
and ci r cui t  br eaker  encl osur es l ocat ed i n hazar dous ( c l assi f i ed)  ar eas 
shal l  conf or m t o UL 877.

2. 7. 2   Const r uct i on

Mol ded- case ci r cui t  br eaker s shal l  be assembl ed as an i nt egr al  uni t  i n a 
suppor t i ng and encl osi ng housi ng of  gl ass r ei nf or ced i nsul at i ng mat er i al  
pr ovi di ng hi gh di el ect r i c  st r engt h.   Ci r cui t  br eaker s shal l  be sui t abl e f or  
mount i ng and oper at i ng i n any posi t i on.   Lugs shal l  be l i s t ed f or  copper  
and al umi num conduct or s i n accor dance wi t h UL 486E.   Si ngl e- pol e c i r cui t  
br eaker s shal l  be f ul l  modul e s i ze wi t h not  mor e t han one pol e per  modul e.   
Mul t i - pol e c i r cui t  br eaker s shal l  be of  t he common- t r i p t ype havi ng a 
s i ngl e oper at i ng handl e such t hat  an over l oad or  shor t  c i r cui t  on any one 
pol e wi l l  r esul t  i n al l  pol es openi ng s i mul t aneousl y.   Si zes of  100 amper es 
or  l ess may consi st  of  s i ngl e- pol e br eaker s per manent l y f act or y assembl ed 
i nt o a mul t i - pol e uni t  havi ng an i nt er nal ,  mechani cal ,  nont amper abl e 
common- t r i p mechani sm and ext er nal  handl e t i es.   Al l  c i r cui t  br eaker s shal l  
have a qui ck- make,  qui ck- br eak over cent er  t oggl e- t ype mechani sm,  and t he 
handl e mechani sm shal l  be t r i p- f r ee t o pr event  hol di ng t he cont act s c l osed 
agai nst  a shor t - c i r cui t  or  sust ai ned over l oad.   Al l  c i r cui t  br eaker  handl es 
shal l  assume a posi t i on bet ween " ON"  and " OFF"  when t r i pped aut omat i cal l y .   
Al l  r at i ngs shal l  be c l ear l y v i s i bl e.

2. 7. 3   Rat i ngs

Vol t age r at i ngs shal l  be not  l ess t han t he appl i cabl e c i r cui t  vol t age.   The 
i nt er r upt i ng r at i ng of  t he c i r cui t  br eaker s shal l  be at  l east  equal  t o t he 
avai l abl e shor t - c i r cui t  cur r ent  at  t he l i ne t er mi nal s of  t he c i r cui t  
br eaker  and cor r espond t o t he UL l i s t ed i nt egr at ed shor t - c i r cui t  cur r ent  
r at i ng speci f i ed f or  t he panel boar ds and swi t chboar ds.   Mol ded- case ci r cui t  
br eaker s shal l  have nomi nal  vol t age r at i ngs,  maxi mum cont i nuous- cur r ent  
r at i ngs,  and maxi mum shor t - c i r cui t  i nt er r upt i ng r at i ngs i n accor dance wi t h 
NEMA AB 1.   Rat i ngs shal l  be coor di nat ed wi t h syst em X/ R r at i o.

2. 7. 4   Ther mal - Magnet i c Tr i p El ement s

Ther mal  magnet i c  c i r cui t  br eaker s shal l  be pr ovi ded as shown.   Aut omat i c 
oper at i on shal l  be obt ai ned by means of  t her mal - magnet i c t r i ppi ng devi ces 
l ocat ed i n each pol e pr ovi di ng i nver se t i me del ay and i nst ant aneous c i r cui t  
pr ot ect i on.   The i nst ant aneous magnet i c t r i p shal l  be adj ust abl e and 
accessi bl e f r om t he f r ont  of  al l  c i r cui t  br eaker s on f r ame si zes above 150 
amperes.

2. 7. 5   Sol i d- St at e Tr i p El ement s

Sol i d- st at e c i r cui t  br eaker s shal l  be pr ovi ded as shown.   Al l  el ect r oni cs 
shal l  be sel f - cont ai ned and r equi r e no ext er nal  r el ayi ng,  power  suppl y,  or  
accessor i es.   Pr i nt ed c i r cui t  car ds shal l  be t r eat ed t o r esi st  moi st ur e 
absor pt i on,  f ungus gr owt h,  and si gnal  l eakage.   Al l  el ect r oni cs shal l  be 
housed i n an encl osur e whi ch pr ovi des pr ot ect i on agai nst  ar cs,  magnet i c 
i nt er f er ence,  dust ,  and ot her  cont ami nant s.   Sol i d- st at e sensi ng shal l  
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measur e t r ue RMS cur r ent  wi t h er r or  l ess t han one per cent  on syst ems wi t h 
di st or t i ons t hr ough t he 13t h har moni c.   Peak or  aver age act uat i ng devi ces 
ar e not  accept abl e.   Cur r ent  sensor s shal l  be t or oi dal  const r uct i on,  
encased i n a pl ast i c housi ng f i l l ed wi t h epoxy t o pr ot ect  agai nst  damage 
and moi st ur e and shal l  be i nt egr al l y  mount ed on t he br eaker .   Wher e 
i ndi cat ed on t he dr awi ngs,  c i r cui t  br eaker  f r ames shal l  be r at ed f or  100 
per cent  cont i nuous dut y.   Ci r cui t  br eaker s shal l  have t r i ppi ng f eat ur es as 
shown on t he dr awi ngs and as descr i bed bel ow:

a.   Long- t i me cur r ent  pi ck- up,  adj ust abl e f r om 50 per cent  t o 100 
per cent  of  cont i nuous cur r ent  r at i ng.

b.   Adj ust abl e l ong- t i me del ay.

c.   Shor t - t i me cur r ent  pi ck- up,  adj ust abl e f r om 1. 5 t o 9 t i mes 
l ong- t i me cur r ent  set t i ng.

d.   Adj ust abl e shor t - t i me del ay.

e.   Shor t - t i me I  squar e t i mes t  swi t ch.

f .   I nst ant aneous cur r ent  pi ck- up,  adj ust abl e f r om 1. 5 t o 9 t i mes 
l ong- t i me cur r ent  set t i ng.

g.   Gr ound- f aul t  pi ck- up,  adj ust abl e f r om 20 per cent  t o 60 per cent  of  
sensor  r at i ng,  but  i n no case gr eat er  t han 1200 amper es.   Sensi ng of  
gr ound- f aul t  cur r ent  at  t he mai n bondi ng j umper  or  gr ound st r ap shal l  
not  be per mi t t ed.   

h.   Adj ust abl e gr ound- f aul t  del ay.

i .   

j .   Over l oad and Shor t - c i r cui t  and Gr ound- f aul t  t r i p i ndi cat or s shal l  
be pr ovi ded.

2. 7. 6   Cur r ent - Li mi t i ng Ci r cui t  Br eaker s

Cur r ent - l i mi t i ng c i r cui t  br eaker s shal l  be pr ovi ded as shown.   
Cur r ent - l i mi t i ng c i r cui t  br eaker s shal l  l i mi t  t he l et - t hr ough I  squar e 
t i mes t  t o a val ue l ess t han t he I  squar e t i mes t  of  one- hal f  cycl e of  t he 
symmet r i cal  shor t - c i r cui t  cur r ent  wavef or m.   On f aul t  cur r ent s bel ow t he 
t hr eshol d of  l i mi t at i on,  br eaker s shal l  pr ovi de convent i onal  over l oad and 
shor t - c i r cui t  pr ot ect i on.   I nt egr al l y- f used ci r cui t  br eaker s shal l  not  be 
used.

2. 7. 7   SWD Ci r cui t  Br eaker s

Ci r cui t  br eaker s r at ed 15 amper es or  20 amper es and i nt ended t o swi t ch 277 
vol t s or  l ess f l uor escent  l i ght i ng l oads shal l  be mar ked " SWD. "

2. 7. 8   HACR Ci r cui t  Br eaker s

Ci r cui t  br eaker s 60 amper es or  bel ow,  240 vol t s,  1- pol e or  2- pol e,  i nt ended 
t o pr ot ect  mul t i - mot or  and combi nat i on- l oad i nst al l at i ons i nvol ved i n 
heat i ng,  ai r  condi t i oni ng,  and r ef r i ger at i ng equi pment  shal l  be mar ked 
" Li st ed HACR Type. "
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2. 8   LOW- VOLTAGE POWER CI RCUI T BREAKERS

2. 8. 1   Const r uct i on

Low- vol t age power  c i r cui t  br eaker s shal l  conf or m t o I EEE C37. 13 and 
I EEE C37. 16 and shal l  be t hr ee- pol e,  s i ngl e- t hr ow,  st or ed ener gy,  manual l y 
oper at ed,  wi t h dr awout  mount i ng.   Sol i d- st at e t r i p el ement s whi ch r equi r e 
no ext er nal  power  connect i ons shal l  be pr ovi ded.   Ci r cui t  br eaker s shal l  
have an open/ cl ose cont act  posi t i on i ndi cat or ,  char ged/ di schar ged st or ed 
ener gy i ndi cat or ,  pr i mar y di sconnect  devi ces,  and a mechani cal  i nt er l ock t o 
pr event  maki ng or  br eaki ng cont act  of  t he pr i mar y di sconnect s when t he 
c i r cui t  br eaker  i s  c l osed.   Cont r ol  vol t age shal l  be as i ndi cat ed.   The 
ci r cui t  br eaker  encl osur e shal l  be sui t abl e f or  i t s  i nt ended l ocat i on.

2. 8. 2   Rat i ngs

Vol t age r at i ngs shal l  be not  l ess t han t he appl i cabl e c i r cui t  vol t age.  
Ci r cui t  br eaker s shal l  be r at ed f or  100 per cent  cont i nuous dut y and shal l  
have t r i p cur r ent  r at i ngs and f r ame si zes as shown.   Nomi nal  vol t age 
r at i ngs,  maxi mum cont i nuous- cur r ent  r at i ngs,  and maxi mum shor t - c i r cui t  
i nt er r upt i ng r at i ngs shal l  be i n accor dance wi t h I EEE C37. 16.   Tr i ppi ng 
f eat ur es shal l  be as f ol l ows:

a.   Long- t i me cur r ent  pi ck- up,  adj ust abl e f r om 50 per cent  t o 100 
per cent  of  sensor  cur r ent  r at i ng.

b.   Adj ust abl e l ong- t i me del ay.

c.   Shor t - t i me cur r ent  pi ck- up,  adj ust abl e f r om 1. 5 t o 9 t i mes 
l ong- t i me cur r ent  set t i ng.

d.   Adj ust abl e shor t - t i me del ay.

e.   

f .   I nst ant aneous cur r ent  pi ck- up,  adj ust abl e f r om 1. 5 t o 9 t i mes 
l ong- t i me cur r ent  set t i ng.

g.   Gr ound- f aul t  pi ck- up,  adj ust abl e f r om 20 per cent  t o 60 per cent  of  
sensor  r at i ng,  but  i n no case gr eat er  t han 1200 amper es.   Sensi ng of  
gr ound- f aul t  cur r ent  at  t he mai n bondi ng j umper  or  gr ound st r ap shal l  
not  be per mi t t ed.   

h.   Adj ust abl e gr ound- f aul t  del ay.

i .   

2. 9   COORDI NATED POWER SYSTEM PROTECTI ON

Anal yses shal l  be pr epar ed t o demonst r at e t hat  t he equi pment  sel ect ed and 
syst em const r uct ed meet  t he cont r act  r equi r ement s f or  r at i ngs,  
coor di nat i on,  and pr ot ect i on.   They shal l  i ncl ude a l oad f l ow anal ysi s,  a 
f aul t  cur r ent  anal ysi s,  and a pr ot ect i ve devi ce coor di nat i on st udy.   The 
st udi es shal l  be per f or med by a r egi st er ed pr of essi onal  engi neer  wi t h 
demonst r at ed exper i ence i n power  syst em coor di nat i on i n t he l ast  3 year s.   
Pr ovi de a l i s t  of  r ef er ences compl et e wi t h poi nt s of  cont act ,  addr esses and 
t el ephone number s.   The sel ect i on of  t he engi neer  i s  subj ect  t o t he 
appr oval  of  t he Cont r act i ng Of f i cer .
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2. 9. 1   Scope of  Anal yses

The f aul t  cur r ent  anal ysi s,  and pr ot ect i ve devi ce coor di nat i on st udy shal l  
begi n at :   t he mai n t r ansf or mer  ser vi ng t he bui l di ng and ext end down t o 
syst em busses f or  t he bui l di ng di st r i but i on swi t chboar ds,  di st r i but i on 
panel boar ds and br anch panel boar ds.

2. 9. 2   Det er mi nat i on of  Fact s

The t i me- cur r ent  char act er i st i cs,  f eat ur es,  and namepl at e dat a f or  each 
exi st i ng pr ot ect i ve devi ce shal l  be det er mi ned and document ed.   Ut i l i ze t he 
f aul t  cur r ent  avai l abi l i t y  i ndi cat ed as a basi s f or  f aul t  cur r ent  st udi es.

2. 9. 3   Si ngl e Li ne Di agr am

A si ngl e l i ne di agr am shal l  be pr epar ed t o show t he el ect r i cal  syst em 
buses,  devi ces,  t r ansf or mat i on poi nt s,  and al l  sour ces of  f aul t  cur r ent  
( i ncl udi ng gener at or  and mot or  cont r i but i ons) .   A f aul t - i mpedance di agr am 
or  a comput er  anal ysi s di agr am may be pr ovi ded.   Each bus,  devi ce or  
t r ansf or mat i on poi nt  shal l  have a uni que i dent i f i er .   I f  a f aul t - i mpedance 
di agr am i s pr ovi ded,  i mpedance dat a shal l  be shown.   Locat i on of  swi t ches,  
br eaker s,  and ci r cui t  i nt er r upt i ng devi ces shal l  be shown on t he di agr am 
t oget her  wi t h avai l abl e f aul t  dat a,  and t he devi ce i nt er r upt i ng r at i ng.

2. 9. 4   Faul t  Cur r ent  Anal ysi s

2. 9. 4. 1   Met hod

The f aul t  cur r ent  anal ysi s shal l  be per f or med i n accor dance wi t h met hods 
descr i bed i n I EEE St d 242,  and I EEE St d 399.

2. 9. 4. 2   Dat a

Act ual  dat a shal l  be ut i l i zed i n f aul t  cal cul at i ons.   Bus char act er i st i cs 
and t r ansf or mer  i mpedance shal l  be t hose pr oposed.   Dat a shal l  be 
document ed i n t he r epor t .

2. 9. 4. 3   Faul t  Cur r ent  Avai l abi l i t y

Bal anced t hr ee- phase f aul t ,  bol t ed l i ne- t o- l i ne f aul t ,  and l i ne- t o- gr ound 
f aul t  cur r ent  val ues shal l  be pr ovi ded at  each vol t age t r ansf or mat i on poi nt  
and at  each power  di st r i but i on bus.   The maxi mum and mi ni mum val ues of  
f aul t  avai l abl e at  each l ocat i on shal l  be shown i n t abul ar  f or m on t he 
di agr am or  i n t he r epor t .

2. 9. 5   Coor di nat i on St udy

The st udy shal l  demonst r at e t hat  t he maxi mum possi bl e degr ee of  sel ect i v i t y 
has been obt ai ned bet ween devi ces speci f i ed,  consi st ent  wi t h pr ot ect i on of  
equi pment  and conduct or s f r om damage f r om over l oads and f aul t  condi t i ons.  
The st udy shal l  i ncl ude a descr i pt i on of  t he coor di nat i on of  t he pr ot ect i ve 
devi ces i n t hi s pr oj ect .   A wr i t t en nar r at i ve shal l  be pr ovi ded 
descr i bi ng:   whi ch devi ces may oper at e i n t he event  of  a f aul t  at  each bus;  
t he l ogi c used t o ar r i ve at  devi ce r at i ngs and set t i ngs;  s i t uat i ons wher e 
syst em coor di nat i on i s not  achi evabl e due t o devi ce l i mi t at i ons ( an 
anal ysi s of  any devi ce cur ves whi ch over l ap) ;  coor di nat i on bet ween upst r eam 
and downst r eam devi ces;  and r el ay set t i ngs.   Recommendat i ons t o i mpr ove or  
enhance syst em r el i abi l i t y ,  and det ai l  wher e such changes woul d i nvol ve 
addi t i ons or  modi f i cat i ons t o t he cont r act  and cost  damages ( addi t i on or  
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r educt i on)  shal l  be pr ovi ded.   Composi t e coor di nat i on pl ot s shal l  be 
pr ovi ded on l og- l og gr aph paper .

2. 9. 6   St udy r epor t

a.   The r epor t  shal l  i ncl ude a nar r at i ve descr i bi ng:   t he anal yses 
per f or med;  t he bases and met hods used;  and t he desi r ed met hod of  
coor di nat ed pr ot ect i on of  t he power  syst em.

b.   The st udy shal l  i ncl ude descr i pt i ve and t echni cal  dat a f or  exi st i ng 
devi ces and new pr ot ect i ve devi ces pr oposed.   The dat a shal l  i ncl ude 
manuf act ur er s publ i shed dat a,  namepl at e dat a,  and def i ni t i on of  t he 
f i xed or  adj ust abl e f eat ur es of  t he exi st i ng or  new pr ot ect i ve devi ces.

c.   The r epor t  shal l  document  available exi st i ng power  syst em dat a 
i ncl udi ng t i me- cur r ent  char act er i st i c  cur ves and pr ot ect i ve devi ce 
r at i ngs and set t i ngs.

d.   The r epor t  shal l  cont ai n f ul l y  coor di nat ed composi t e t i me- cur r ent  
char act er i st i cs cur ves f or  each bus i n t he syst em,  as r equi r ed t o 
ensur e coor di nat ed power  syst em pr ot ect i on bet ween pr ot ect i ve devi ces 
or  equi pment .   The r epor t  shal l  i ncl ude r ecommended r at i ngs and 
set t i ngs of  al l  pr ot ect i ve devi ces i n t abul at ed f or m.

e.   The r epor t  shal l  pr ovi de t he cal cul at i on per f or med f or  t he 
anal yses,  i ncl udi ng comput er  anal ysi s pr ogr ams ut i l i zed.   The name of  
t he sof t war e package,  devel oper ,  and ver si on number  shal l  be pr ovi ded.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h det ai l s  of  t he wor k,  ver i f y di mensi ons i n t he 
f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng any wor k.

3. 2   INSTALLATION

I nst al l  pr ot ect i ve devi ces i n accor dance wi t h t he manuf act ur er ' s publ i shed 
i nst r uct i ons and i n accor dance wi t h t he r equi r ement s of  NFPA 70 and I EEE C2.

3. 3   FI ELD TESTI NG

3. 3. 1   Gener al

Per f or m f i el d t est i ng i n t he pr esence of  t he Cont r act i ng Of f i cer .   Not i f y 
t he Cont r act i ng Of f i cer  14 days pr i or  t o conduct i ng t est s.   Fur ni sh al l  
mat er i al s,  l abor ,  and equi pment  necessar y t o conduct  f i el d t est s.   Per f or m 
al l  t est s and i nspect i ons r ecommended by t he manuf act ur er  unl ess 
speci f i cal l y  wai ved by t he Cont r act i ng Of f i cer .   Mai nt ai n a wr i t t en r ecor d 
of  al l  t est s whi ch i ncl udes dat e,  t est  per f or med,  per sonnel  i nvol ved,  
devi ces t est ed,  ser i al  number  and name of  t est  equi pment ,  and t est  r esul t s.

3. 3. 2   Saf et y

Pr ovi de and use saf et y devi ces such as r ubber  gl oves,  pr ot ect i ve bar r i er s,  
and danger  s i gns t o pr ot ect  and war n per sonnel  i n t he t est  v i c i ni t y .   
Repl ace any devi ces or  equi pment  whi ch ar e damaged due t o i mpr oper  t est  
pr ocedur es or  handl i ng.
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3. 3. 3   Mol ded- Case Ci r cui t  Br eaker s

Ci r cui t  br eaker s shal l  be v i sual l y i nspect ed,  oper at ed manual l y,  and 
connect i ons checked f or  t i ght ness.   Cur r ent  r at i ngs shal l  be ver i f i ed and 
adj ust abl e set t i ngs i ncor por at ed i n accor dance wi t h t he coor di nat i on st udy.

3. 3. 4   Power  Ci r cui t  Br eaker s

3. 3. 4. 1   Gener al

Vi sual l y i nspect  t he c i r cui t  br eaker  and oper at e t he c i r cui t  br eaker  
manual l y;  adj ust  and cl ean pr i mar y cont act s i n accor dance wi t h 
manuf act ur er ' s publ i shed i nst r uct i ons;  check t ol er ances and cl ear ances;  
check f or  pr oper  l ubr i cat i on;  and ensur e t hat  al l  connect i ons ar e t i ght .   
For  el ect r i cal l y  oper at ed c i r cui t  br eaker s,  ver i f y  oper at i ng vol t ages on 
c l osi ng and t r i ppi ng coi l s.   Ver i f y f use r at i ngs i n cont r ol  c i r cui t s;  
el ect r i cal l y  oper at e t he br eaker ,  wher e appl i cabl e;  and i mpl ement  set t i ngs 
i n accor dance wi t h t he coor di nat i on st udy.

        - -  End of  Sect i on - -
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SECTION 26 51 00

INTERIOR LIGHTING
05/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o in the text by the 
basic designation only.

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR- CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 189.1 (2011) Standard for the Design of 
High-Performance Green Buildings Except 
Low-Rise Residential Buildings

ASHRAE 90.1 - IP (2010) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

ASTM INTERNATIONAL (ASTM)

ASTM A1008/A1008M (2016) Standard Specification for Steel, 
Sheet, Cold-Rolled, Carbon, Structural, 
High-Strength Low-Alloy and High-Strength 
Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardened

ASTM A580/A580M (2016) Standard Specification for 
Stainless Steel Wire

ASTM A641/A641M (2009a; R 2014) Standard Specification for 
Zinc-Coated (Galvanized) Carbon Steel Wire

ASTM A653/A653M (2015; E 2016) Standard Specification for 
Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B164 (2003; R 2014) Standard Specification for 
Nickel-Copper Alloy Rod, Bar, and Wire

ASTM B633 (2015) Standard Specification for 
Electrodeposited Coatings of Zinc on Iron 
and Steel

ASTM D4674 REV A (2002; R 2010) Standard Practice for 
Accelerated Testing for Color Stability of 
Plastics Exposed to Indoor Office 
Environments

CALIFORNIA ENERGY COMMISSION (CEC)

CEC Title 24 (2008; Effective Jan 2010) California's 
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Energy Efficiency Standards for 
Residential and Nonresidential Buildings

ILLUMINATING ENGINEERING SOCIETY  (IES)

IES HB-10 (2011; Errata 2015) IES Lighting Handbook

IES LM-79 (2008) Electrical and Photometric 
Measurements of Solid-State Lighting 
Products

IES LM-80 (2015) Measuring Lumen Maintenance of LED 
Light Sources

IES RP-16 (2010; Addendum A 2008; Addenda B 2009; 
Addendum C 2016) Nomenclature and 
Definitions for Illuminating Engineering

IES TM-21 (2011; Addendum B 2015) Projecting Long 
Term Lumen Maintenance of LED Light Sources

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS ( IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2017) National Electrical Safety Code

IEEE C62.41 (1991; R 1995) Recommended Practice on 
Surge Voltages in Low-Voltage AC Power 
Circuits

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ANSLG C78.377 (2015) American National Standard for 
Electric Lamps— Specifications for the 
Chromaticity of Solid State Lighting 
Products

NEMA C82.77 (2002) Harmonic Emission Limits - Related 
Power Quality Requirements for Lighting 
Equipment

NEMA SSL 1 (2010) Electronic Drivers for Led Devices, 
Arrays, or Systems

NEMA SSL 3 (2011) High-Power White LED Binning for 
General Illumination

NEMA SSL 7A (2015) Phase-Cut Dimming for Solid State 
Lighting: Basic Compatibility

NEMA WD 1 (1999; R 2015) Standard for General Color 
Requirements for Wiring Devices
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2015; ERTA 2015) Life Safety Code

NFPA 70 (2017) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

DOD 8500.01 (2014) Cybersecurity

DOD 8510.01 (2014; Change 1-2016) Risk Management 
Framework (RMF) for DoD Information 
Technology (IT)

UNDERWRITERS LABORATORIES (UL)

UL 1472 (2015)  UL Standard for Safety Solid-State 
Dimming Controls

UL 1598 (2008; Reprint Oct 2012) Luminaires

UL 20 (2010; Reprint Feb 2012) General-Use Snap 
Switches

UL 2043 (2013) Fire Test for Heat and Visible 
Smoke Release for Discrete Products and 
Their Accessories Installed in 
Air-Handling Spaces

UL 508 (1999; Reprint Oct 2013) Industrial 
Control Equipment

UL 844 (2012; Reprint Mar 2016) UL Standard for 
Safety Luminaires for Use in Hazardous 
(Classified) Locations

UL 8750 (2009; Reprint May 2014) UL Standard for 
Safety Light Emitting Diode (LED) 
Equipment for Use in Lighting Products

UL 916 (2007; Reprint Aug 2014) Standard for 
Energy Management Equipment

UL 924 (2016) UL Standard for Safety Emergency 
Lighting and Power Equipment

UL 94 (2013; Reprint Mar 2016) UL Standard for 
Safety Tests for Flammability of Plastic 
Materials for Parts in Devices and 
Appliances

1.2   RELATED REQUIREMENTS

Materials not considered to be luminaires or lumina ire accessories are 
specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Luminaires and 
accessories mounted on exterior surfaces of buildin gs are specified in 
Section 26 56 00  EXTERIOR LIGHTING.

SECTION 26 51 00  Page 3



HAFB B591 Renovation HAFBB591FACILITY

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electr ical and electronics 
terms used in these specifications, and on the draw ings, must be as 
defined in IEEE 100  and IES RP-16 .

b.  For fluorescent, HID and induction luminaire li ght sources, "Average 
Rated Life" is the time after which 50 percent of a  large group of 
light sources will have failed and 50 percent will have survived under 
normal conditions.

c.  For LED luminaire light sources, "Useful Life" is the operating hours 
before reaching 70 percent of the initial rated lum en output (L70) with 
no catastrophic failures under normal operating con ditions.  This is 
also know as 70 percent "Rated Lumen Maintenance Li fe" as defined in 
IES LM-80 .

d.  For fluorescent, HID and induction luminaires, "Luminaire Efficacy 
Rating" (LER) is the appropriate measure of energy efficiency, measured 
in lumens/watt.  Specifically it is the luminaire's  efficiency 
multiplied by the total rated light source lumens a nd the ballast 
factor, divided by the luminaire input watts.

e.  For LED luminaires, "Luminaire Efficacy" (LE) i s the appropriate 
measure of energy efficiency, measured in lumens/wa tt.  This is 
gathered from LM-79 data for the luminaire, in whic h absolute 
photometry is used to measure the lumen output of t he luminaire as one 
entity, not the source separately and then the sour ce and housing 
together.

f.  Total harmonic distortion (THD) is the root mea n square (RMS) of all 
the harmonic components divided by the total fundam ental current.

1.4   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
submittals not having a "G" designation are [for Contractor Quality Control 
approval.] [ for information only.  When used, a designation fol lowing the 
"G" designation identifies the office that will rev iew the submittal for 
the Government. ]   Submittals with an "S" are for inclusion in the 
Sustainability Notebook, in conformance with Sectio n 01 33 29  
SUSTAINABILITY REPORTING.  Data, drawings, and repo rts must employ the 
terminology, classifications and methods prescribed  by the IES HB-10  as 
applicable, for the lighting system specified.  Sub mit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Luminaire Drawings ; G

Occupancy/Vacancy Sensor Coverage Layout ; G

SD-03 Product Data

Luminaires ; G

Light Sources ; G

Drivers, Ballasts and Generators ; G
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LED Luminaire Warranty ; G

Luminaire Design Data ; G

Vacancy Sensors ; G

Dimming Controllers (Dimmers) ; G

Lighting Contactor ; G

Timeswitch ; G

Power Hook Luminaire Hangers ; G

Exit Signs ; G

Emergency Lighting Unit (EBU) ; G

LED Emergency Drivers ; G

Fluorescent Emergency Ballasts ; G

Occupancy Sensors ; G

Ambient Light Level Sensor ; G

Bi-Level HID Controller ; G

Lighting Control Panel ; G

SD-06 Test Reports

LED Luminaire - IES LM-79  Test Report ; G

LED Light Source - IES LM-80  Test Report ; G

LED Light Source - IES TM-21  Test Report ; G

Occupancy/Vacancy Sensor Verification Tests ; G

Energy Efficiency ; G

SD-07 Certificates

Luminaire Useful Life Certificate ; G

LED Driver and Dimming Switch Compatibility Certifi cate ; G

1.5   QUALITY CONTROL

1.5.1   Luminaire Drawings

Include dimensions, accessories, and installation a nd construction 
details.  Photometric data, including zonal lumen d ata, average and minimum 
ratio, aiming diagram, and computerized candlepower  distribution data must 
accompany shop drawings.
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1.5.2   Occupancy/Vacancy Sensor Coverage Layout

Provide floor plans showing coverage layouts of all  devices using 
manufacturer's product information.

1.5.3   LED Driver and Dimming Switch Compatibility Certifi cate

Submit certification from the luminaire, driver, or  dimmer switch 
manufacturer that ensures compatibility and operabi lity between devices.

1.5.4   Luminaire Design Data

a.  Provide safety certification and file number fo r the luminaire family 
that must be listed, labeled, or identified per the  NFPA 70  (NEC).  
Applicable testing bodies are determined by the US Occupational Safety 
Health Administration (OSHA) as Nationally Recogniz ed Testing 
Laboratories (NRTL) and include: CSA (Canadian Stan dards Association), 
ETL (Edison Testing Laboratory), and UL (Underwrite rs Laboratories).

b.  Provide long term lumen maintenance projections  for each LED luminaire 
in accordance with IES TM-21 .  Data used for projections must be 
obtained from testing in accordance with IES LM-80 .

1.5.5   LED Luminaire - IES LM-79 Test Report

Submit test report on manufacturer's standard produ ction model luminaire.  
Include all applicable and required data as outline d under "14.0 Test 
Report" in IES LM-79 .

1.5.6   LED Light Source - IES LM-80 Test Report

Submit report on manufacturer's standard production  LED light source 
(package, array, or module).  Include all applicabl e and required data as 
outlined under "8.0 Test Report" in IES LM-80 .

1.5.7   LED Light Source - IES TM-21 Test Report

Submit test report on manufacturer's standard produ ction LED light source 
(package, array or module).  Include all applicable  and required data, as 
well as required interpolation information as outli ned under "7.0 Report" 
in IES TM-21 .

1.5.8   Occupancy/Vacancy Sensor Verification Tests

Submit test report outlining post-installation cove rage and operation of 
sensors.

1.5.9   Test Laboratories

Test laboratories for the IES LM-79  and IES LM-80  test reports must be one 
of the following:

a.  National Voluntary Laboratory Accreditation Pro gram (NVLAP) accredited 
for solid-state lighting testing as part of the Ene rgy-Efficient 
Lighting Products laboratory accreditation program for both LM-79 and 
LM-80 testing.

b.  One of the qualified labs listed on the Departm ent of Energy - LED 
Lighting Facts Approved Testing Laboratories List a t  for LM-79 testing.
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c.  One of the EPA-Recognized Laboratories listed a t  for LM-80 testing.

1.5.10   Regulatory Requirements

In each of the publications referred to herein, con sider the advisory 
provisions to be mandatory, as though the word "mus t" had been substituted 
for "should" wherever it appears.  Interpret refere nces in these 
publications to the "authority having jurisdiction, " or words of similar 
meaning, to mean the Contracting Officer.  Equipmen t, materials, 
installation, and workmanship must be in accordance  with the mandatory and 
advisory provisions of NFPA 70 , unless more stringent requirements are 
specified or indicated.

1.5.11   Standard Products

Provide materials and equipment that are products o f manufacturers 
regularly engaged in the production of such product s which are of equal 
material, design and workmanship.  Products must ha ve been in satisfactory 
commercial or industrial use for two years prior to  bid opening.  The 
two-year period must include applications of equipm ent and materials under 
similar circumstances and of similar size.  The pro duct must have been on 
sale on the commercial market through advertisement s, manufacturers' 
catalogs, or brochures during the two-year period.  Where two or more items 
of the same class of equipment are required, these items must be products 
of a single manufacturer; however, the component pa rts of the item need not 
be the products of the same manufacturer unless sta ted in this section.

1.5.11.1   Alternative Qualifications

Products having less than a 2-year field service re cord will be acceptable 
if a certified record of satisfactory field operati on for not less than 
6000 hours, exclusive of the manufacturers' factory  or laboratory tests, is 
furnished.

1.5.11.2   Material and Equipment Manufacturing Date

Products manufactured more than six months prior to  date of delivery to 
site must not be used, unless specified otherwise.

1.5.11.3   Energy Efficiency

Submit data indicating lumens per watt efficacy and  color rendering index 
of light source.

1.6   WARRANTY

Support all equipment items by service organization s which are reasonably 
convenient to the equipment installation in order t o render satisfactory 
service to the equipment on a regular and emergency  basis during the 
warranty period of the contract.

1.6.1   LED Luminaire Warranty

a.  Provide a written 5 year on-site replacement wa rranty for material, 
fixture finish, and workmanship.  On-site replaceme nt includes 
transportation, removal, and installation of new pr oducts.

(1) Include finish warranty to include failure and substantial 
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deterioration such as blistering, cracking, peeling , chalking, or 
fading.

(2) Material warranty must include:

(a) All drivers.

(b) Replacement when more than 10 percent of LED so urces in any 
lightbar or subassembly(s) are defective or non-sta rting.

b.  Warranty period must begin on date of beneficia l occupancy.  Provide 
the Contracting Officer with signed warranty certif icates prior to 
final payment.

1.6.1.1   Provide Luminaire Useful Life Certificate

Submit certification from the manufacturer indicati ng the expected useful 
life of the luminaires provided.  The useful life m ust be directly 
correlated from the IES LM-80  test data using procedures outlined in 
IES TM-21 .  Thermal properties of the specific luminaire and  local ambient 
operating temperature and conditions must be taken into consideration.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be luminai res, luminaire controls, 
or associated equipment are specified in Section 26 20 00  INTERIOR 
DISTRIBUTION SYSTEM.  Luminaires, luminaire control s, and associated 
equipment for exterior applications are specified i n Section 26 56 00  
EXTERIOR LIGHTING.

2.2   LUMINAIRES

UL 1598 , NEMA C82.77 , and UL 8750 .  Provide luminaires as indicated in 
luminaire schedule and NL plates or details on proj ect plans.  Provide 
luminaires complete with light sources of quantity,  type, and wattage 
indicated.  Provide all luminaires of the same type  by the same 
manufacturer.  Luminaires must be specifically desi gned for use with the 
driver, ballast or generator and light source provi ded.

2.2.1   LED Luminaires

Provide luminaires complete with power supplies (dr ivers) and light 
sources.  Provide design information including lume n output and design life 
in luminaire schedule on project plans for LED lumi naires.  LED luminaires 
must meet the minimum requirements in the following  table:

LUMINAIRE TYPE MINIMUM LUMINAIRE
EFFICACY (LE)

MINIMUM COLOR RENDERING
INDEX (CRI)

LED TROFFER -
1 x 4
2 x 2
2 x 4

90 LPW 80

LED Downlight 50 LPW 90

LED Track or Accent 40 LPW 80
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LUMINAIRE TYPE MINIMUM LUMINAIRE
EFFICACY (LE)

MINIMUM COLOR RENDERING
INDEX (CRI)

LED Low Bay/High Bay 80 LPW 70

LED Linear Ambient 80 LPW 80

LED luminaires must also meet the following minimum  requirements:

a.  Luminaires must have a minimum 5 year manufactu rer's warranty.

b.  Luminaires must have a minimum L70 [_____]  lumen maintenance value of 
50,000 [_____]  hours as calculated by IES TM-21 , with data obtained per 
IES LM-80  requirements.

c.  Luminaire drive current value must be identical  to that provided by 
test data for luminaire in question.

d.  Luminaires must be tested to IES LM-79  and IES LM-80  standards, with 
the results provided as required in the Submittals paragraph of this 
specification.

e.  Luminaires must be listed with the DesignLights  Consortium 'Qualified 
Products List' when falling into category of "Gener al Application" 
luminaires, i.e. Interior Directional, Display Case , Troffer, Linear 
Ambient, or Low/High Bay.  Requirements are shown i n the Designlights 
Consortium "Technical Requirements Table" at 
https://data.energystar.gov/dataset/EPA-Recognized- Laboratories-For-Lighting-Products/jgwf-7qrr

f.  Provide Department of Energy 'Lighting Facts' l abel for each luminaire.

2.2.2   Fluorescent Luminaires

UL 1598 .  Provide linear and compact fluorescent luminaire s complete with 
housing, ballast and light source.  All fluorescent  luminaires must be 
equipped with electronic ballasts.

2.2.3   High Intensity Discharge (HID) Luminaires

UL 1598 .  Provide HID luminaires complete with housing, ba llast and light 
source.

2.2.4   Induction Luminaires

UL 1598 .  Provide induction luminaires complete with housi ng, generator and 
light source.

2.2.2   Luminaires for Hazardous Locations

In addition to requirements stated herein, provide [ LED, ][fluorescent,]
[HID,] [induction]  luminaires for hazardous locations which conform t o UL 844
 or which have Factory Mutual certification for the  class and division 
indicated.

2.3   DRIVERS, BALLASTS and GENERATORS

2.3.1   LED Drivers

NEMA SSL 1, UL 8750 .   LED drivers must be electronic, UL Class 1, 
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constant-current type and comply with the following  requirements:

a.  Output power (watts)and luminous flux (lumens) as shown in luminaire 
schedule for each luminaire type to meet minimum lu minaire efficacy 
(LE) value provided.

b.  Power Factor (PF) greater than or equal to 0.9 over the full dimming 
range when provided.

c.  Current draw Total Harmonic Distortion (THD) of  less than 20 percent.

d.  Class A sound rating.

e.  Operable at input voltage of 120-277 volts at 6 0 hertz.

f.  Minimum 5 year manufacturer's warranty.

g.  RoHS compliant.

h.  Integral thermal protection that reduces or eli minates the output power 
if case temperature exceeds a value detrimental to the driver.

i.  UL listed for dry or damp locations typical of interior installations.

j.  [ Non-dimmable ] , [ step-dimmable to 50 percent output ] , or fully-dimmable 
using 0-10V control as indicated in luminaire sched ule.

2.3.2   Fluorescent Electronic Ballasts

NEMA ANSLG C82.11 , UL 935 , CEC Title 24 .  Fluorescent ballasts must not 
contain any magnetic core and coil components, and must meet the following 
requirements:

a.  Provide with transient protection as recommende d by IEEE C62.41.1  and 
IEEE C62.41.2 .

b.  Provide UL listed Class P, "A" sound rating, wi th minimum power factor 
rating of 0.98 and minimum ballast factor rating of  0.95.

c.  Be designed for the wattage and type of light s ource provided in the 
luminaire specified, and have circuit diagrams and light source 
connection information printed on the exterior of t he ballast housing.

d.  Contain no PCB's and be RoHS compliant.

e.  Be manufactured in an ISO 9001 certified facili ty.

f.  Operate at a frequency greater than 20 kHz, and  have a Lamp Current 
Crest Factor less than 1.7.

g.  Have a light regulation of plus or minus 10 per cent of lumen output 
when operating within a plus or minus 10 percent ra nge of input voltage.

h.  Have a full replacement warranty of five years from date of manufacture.

[ i.  Provide all fluorescent ballasts as NEMA Premiu m type.
]
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2.3.2.1   T8 Programmed[Instant]-Start Fluorescent Ballasts

Provide programmed[ instant]-start T8 electronic fl uorescent ballasts with 
the following characteristics:

a.  Total harmonic distortion (THD):  Must be [20 p ercent][_____ percent] 
(maximum).

b.  Input wattage at 120/277 volts.

[ (1) 29/28 watts (maximum) when operating one F32T8 light source

][ (2) 55/54 watts (maximum) when operating two F32T8 light sources

][ (3) 84/82 watts (maximum) when operating three F32T 8 light sources

][ (4) 109/107 watts (maximum) when operating four F32 T8 light sources
]
[ d.  Where indicated on project drawings,provide mul ti-light source 

luminaires with two or more ballasts to accomplish the switching 
scenario indicated.

]
[ e.  A single ballast may be used to serve multiple luminaires if they are 

continuously mounted and factory manufactured for t hat installation 
with an integral wireway.

] 2.3.2.2   T5 (long twin tube) and T5HO Fluorescent Ballasts

a.  Total harmonic distortion (THD):  Not greater t han[ 25 percent when 
operating one light source,][ 15 percent when opera ting two light 
sources,][ and][ 20 percent when operating three li ght sources].

b.  Input wattage:

[ (1) 45 watts (maximum) when operating one F40 T-5 l ight source

][ (2) 74 watts (maximum) when operating two F40 T-5 l ight sources

][ (3) 105 watts (maximum) when operating three F40 T- 5 light sources
]
[ c.  Provide three[ and four] light source luminaire s with two ballasts per 

luminaire where multilevel switching is indicated.
]
[ d.  A single ballast may be used to serve multiple fixtures if they are 

continuously mounted and factory manufactured for t hat installation 
with an integral wireway.

] 2.3.2.3   Compact Fluorescent Ballasts

Provide programmed-start ballasts for compact fluor escent luminaires.

2.3.2.4   Fluorescent Electronic Dimming Ballasts

Provide fluorescent electronic dimming ballasts wit h the following 
characteristics:

a.  Comply with NEMA ANSLG C82.11 , UL 935 , and NFPA 70 , unless specified 
otherwise.  Provide ballast with transient immunity  as recommended by 
IEEE C62.41.1  and IEEE C62.41.2 .  Provide dimming capability range from 

SECTION 26 51 00  Page 11



HAFB B591 Renovation HAFBB591FACILITY

100 to 5 percent (minimum range) of light output, f licker free.  
Ballast must start lamp at any preset light output setting without 
first having to go to full light output.  Provide b allasts designed for 
the wattage of the light sources used in the indica ted application.  
Provide ballasts designed to operate on the voltage  system to which 
they are connected.

b.  Provide power factor of 0.95 (minimum) at full light output, and 0.90 
(minimum) over the entire dimming range.

c.  Provide ballasts designed to operate at a frequ ency of 20,000 Hertz 
(minimum).  Ballast must be compatible with and not  cause interference 
with the operation of occupancy sensors or other in frared control 
systems.  When available, provide higher operating frequency of 40,000 
hertz or above.

d.  Ballast factor at full light output must be bet ween 0.85 (minimum) and 
1.00 (maximum).  Current crest factor must be a max imum of 1.7.

e.  Provide ballast with Class P UL listing and wit h a sound rating of "A".

f.  Provide ballast with circuit diagrams displayed  on the ballast exterior.

g.  Provide programmed-start ballast.  Ballast may operate light sources in 
a series circuit configuration.  Provide series/par allel wiring for 
programmed-start ballasts where available.

h.  Ballast must be capable of starting and maintai ning operation at a 
minimum of  0 degrees F  unless otherwise indicated.

i.  Provide ballast with total harmonic distortion (THD) of 20 percent 
(maximum) over the entire dimming range.

j.  Ballasts for T-5 and smaller light sources must  have end-of-life 
protection circuits as required by NEMA ANSLG C78.81  and ANSI C78.901  
as applicable.

2.3.2.4.1   T-8 Lamp Ballast

Input wattage:

a.  35 watts (maximum) when operating one F32T8 lig ht source.

b.  70 watts (maximum) when operating two F32T8 lig ht sources.

c.  104 watts (maximum) when operating three F32T8 light sources.

2.3.3   HID Ballasts

UL 1029 , NEMA ANSLG C82.9, and ANSI C82.2 .  Provide ballast to serve one 
single light source.

2.3.3.1   Metal Halide Ballasts

Provide ballasts designed to operate on the voltage  system they are 
connected and in a normal ambient temperature of 40  [_____] degrees C.
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2.3.3.1.1   Electronic Metal Halide Ballasts

NEMA ANSLG C82.14 .  Electronic metal halide ballasts must meet the 
following minimum requirements:

a.  Power factor greater than 90 percent.

b.  Input voltage of 120-277 volts, plus or minus 1 0 percent.

c.  Provide end-of-life circuitry to prevent ballas t from operating if 
light source is inoperable, and thermal protection to prevent 
overheating.

d.  Sound rating of A, with lamp current crest fact or less than 1.5.

e.  Input current total harmonic distortion less th an 15 percent.

f.  Minimum starting temperature of minus 22 degree s F.

g.  UL listed and Restriction of Hazardous Substanc es Directive (RoHS) 
compliant.

2.3.3.1.2   Magnetic Metal Halide Ballasts

ANSI C82.4 .  Pulse-start constant wattage autotransformer (CW A) type must 
be used when available.  Probe-start CWA, high reac tance/high power factor 
(HX/HPF) or regulator type must be used when pulse- start is not available.  
Ballasts must meet the following minimum requiremen ts:

a.  Class H insulation rating.

b.  Designed for 60,000 hours of operation at maxim um rated temperature.

c.  Minimum starting temperature of minus 22 degree s F.

d.  Nominal ballast factor of 1.0.

e.  Capacitors must have self-contained bleeder res istor as required by 
UL 1029 .

f.  House oil-filled capacitors in an aluminum or c orrosion-resistant steel 
can and provide with quick disconnect terminals.

g.  Capacitor maximum case temperature must be 194 degrees F for oil-filled 
and 221 degrees F for dry film type.

h.  Starter/igniter must provide six months of ligh t source open circuit 
operation without failure and be designed to withst and 10,000 hours of 
continuous pulsing.

2.3.4   Induction Generators

Generator must be connected, and operate in conjunc tion with an inductive 
power coupler or coil(s).  Provide solid-state, hig h-frequency (200 kHz - 
2.67 MHz) type, with power factor greater than 0.95 , Class A sound rating, 
maximum input current THD of 15 percent, operating voltage of 120-277V, and 
a minimum starting temperature of minus 30 degrees F.  Provide generator 
dimmable to a minimum of 50 percent light output.
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2.4   LIGHT SOURCES

NEMA ANSLG C78.377 , NEMA SSL 3.  Provide type and wattage as indicated in 
luminaire schedule on project plans.

2.4.1   LED Light Sources

a.  Correlated Color Temperature (CCT) of [3000] 3500 [ 4000 ][_____]  degrees K.

b.  Minimum Color Rendering Index (CRI) R9 value of  80.

c.  High power, white light output utilizing phosph or conversion (PC) 
process [  or mixed system of colored LEDs, typically red, gr een and blue 
(RGB) ] .

d.  RoHS compliant.

e.  Provide light source color consistancy by utili zing a binning tolerance 
within a 4 [_____]  step McAdam ellipse.

[ 2.4.1.1   LED Retrofit T8 Tubes

Provide linear T8 tubular LED light sources to repl ace fluorescent light 
sources in renovation or energy conservation projec ts.  Provide only where 
entire luminaires are not being replaced.  Light so urces must be compatible 
with existing instant-start or programmed-start bal lasts and have the 
following requirements:

a.  Correlated Color Temperature (CCT) of [3000]350 0[4000] degrees K.

b.  Total Harmonic Distortion (THD) less than 20 pe rcent, with Power Factor 
(PF) greater than 90 percent.

c.  Minimum lumen per watt efficacy greater than 12 0.

d.  Minimum beam angle of 180 degrees.

e.  Minimum 5 year warranty.

f.  Minimum Color Rendering Index (CRI) of 80.

] 2.4.2   Fluorescent Light Sources

NEMA C78.376 .  Fluorescent light sources must be low-mercury, 
energy-savings type and be compliant with the most current TCLP test 
procedure per ANSI/NEMA C78.LL 1256  at the time of manufacture.

2.4.2.1   Linear Fluorescent Light Sources

NEMA ANSLG C78.81 .  Provide linear fluorescent light sources with mi nimum 
CRI of 85[_____] and CCT of 3500[_____] degrees K.

2.4.2.1.1   T8 Linear Fluorescent Light Sources

Provide T8 light sources with medium bi-pin base, r ated [17][25][32][_____] 
watts (maximum), [1450][2250][3100][_____] initial lumens (minimum), and 
with an average rated life of 30,000[_____] hours u sing a average three 
hour burn time and programmed-start ballast.
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2.4.2.1.2   T5HO (High-Ouput) Linear Fluorescent Light Sources

Provide T5HO light sources with miniature bi-pin ba se, rated 
[24][39][54][_____] watts (maximum), [2000][3500][5 000][_____] initial 
lumens (minimum), and with an average rated life of  30,000[_____] hours 
using a average three hour burn time and programmed  start ballast.

2.4.2.2   Compact Fluorescent (CFL) Light Sources

ANSI C78.901 .  Provide compact fluorescent (CFL) light sources with minimum 
CRI of 82[_____] and CCT of 3500[_____] degrees K.

2.4.2.2.1   T5 Long Twin Tube CFL Light Source

Provide T5 Long Twin Tube CFL light sources with fo ur pin, 2G11 base, rated 
[40][55][_____] watts (maximum), [3150][4000][_____ ] initial lumens 
(minimum), and with an average rated life of 20,000  [_____] hours.

2.4.2.2.2   T4 Twin Tube CFL Light Source

Provide T4 Twin Tube CFL light sources with four pi n, G24q base, rated 
[18][26][_____] watts (maximum), [1250][1800][_____ ] initial lumens 
(minimum), and with an average rated life of 17,000  [_____] hours.

2.4.2.2.3   T4 Triple Tube CFL Light Source

Provide T4 Triple Tube CFL light sources with four pin, GX24q base, rated 
[32][42][_____] watts (maximum), [2400][3200][_____ ] initial lumens 
(minimum), and with an average rated life of 17,000  [_____] hours.

2.4.2.2.4   T4 Quad Tube CFL Light Source

Provide T4 Quad Tube CFL light sources with four pi n, GX24q base, rated 
[57][70][_____] watts (maximum), [4300][5200][_____ ] initial lumens 
(minimum), and with an average rated life of 17,000  [_____] hours.

2.4.3   HID Light Sources

ANSI C78.389 .  Light sources must be compliant with the most cu rrent TCLP 
test procedure per NEMA C78.LL 3  at the time of manufacture.

2.4.3.1   Metal Halide Light Sources

ANSI ANSLG C78.43 .  Utilize only protected type light sources in ope n 
luminaires.  Light sources must be specifically sui ted to operate in the 
burning position which they are installed, and have  the following 
requirements:

a.  Pulse-start, quartz metal halide light sources utilizing an 
[ED17][ED28][ED37][_____] type, clear glass envelop e; [E26 medium][E39 
mogul][_____] base; rated at [175][250][350][400][_ ____] watts; minimum 
initial lumen value of [16,000][23,7000][36,000][40 ,000][_____] lumens; 
minimum CRI of 62[_____]; CCT of 3500[4000][_____] degrees K; with a 
minimum average rated life of 15,000[20,000][_____]  hours.

b.  Pulse-start, ceramic metal halide light sources  utilizing a (an) 
[ED17][ED23.5][_____] type, clear[coated] glass env elope; [E26][E39] 
[_____] base; rated at [70][100][150][_____] watts;  minimum initial 
lumen value of [6100][10,000][12,000][_____]; minim um CRI of 
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80[90][_____]; CCT of 3000[4000][_____] degrees K; with minimum rated 
life of [12,000][10,000][12,000][15,000][24,00][___ __] hours.

2.4.4   Induction Light Sources

Provide induction light sources consisting of an el ectrodeless, 
inductively-coupled, phosphor-coated fluorescent en velope, with an average 
rated life of 100,000 hours minimum rated using thr ee hours operation per 
start.  Light sources must be compliant with the mo st current TCLP test 
procedure per ANSI/NEMA C78.LL 1256  at the time of manufacture.

2.4.4.1   Circular or Rectangular Tube Style Induction Light Sources

Rated at [40][70][100][150][200]watts, with a CCT o f 3500 [4100] degrees K, 
a minimum CRI of 80, and an initial output at 25 de grees C of 
[2800][6800][8600][13,000][15400] lumens.

2.4.4.2   Globe or 'A' Lamp Style Induction Light Sources

Rated at [55][85][165]watts, with a CCT of [2700]30 00[4000] degrees K, a 
minimum CRI of 80, and a Luminous Lamp Efficacy (LL E) of 78[86] lumens per 
watt for 3000 degrees K source.

2.5   LIGHTING CONTROLS

ASHRAE 90.1 - IP  ASHRAE 189.1 .  Provide network certification for all 
networked lighting control systems and devices per requirements of 
DOD 8500.01  and DOD 8510.01 .

2.5.1   Toggle Switches

Provide line-voltage toggle switches as specified i n Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.

2.5.2   Dimming Controllers (Dimmers)

UL 1472 , UL 20 , IEEE C62.41 , NEMA SSL 7A.  120/277 V [ 0-10 V ]  dimmers must 
provide flicker-free, continuously variable light o utput throughout the 
dimming range.  Provide radio frequency interferenc e suppression integral 
to device.  Provide dimmers utilizing [ pulse width modulation (PWM)
][constant current reduction (CCR) technology] .  Provide device with a 
vertical slider, paddle, rotary button, or toggle ( with adjacent vertical 
slider) type control, with finish to match switches  and outlets in same 
area.  Provide back box in wall with sufficient dep th to accomodate body of 
switch and wiring.  Devices must be capable of oper ating at their full 
rated capacity regardless of being single or ganged -mounted, and be 
compatible with three-way and four-way switching sc enarios.  Dimmers must 
be capable of controlling [two-wire] [three-wire] [ 0-10 volt ]  fluorescent 
ballasts or LED drivers.  Ensure compatibility of dimmer with s eparate 
power packs when utilized for lighting control.  Di mmers and the ballasts 
or drivers they control, must be provided from the same manufacturer, or 
tested and certified as compatible for use together .  Provide NEMA SSL 7A
-compiant devices.

2.5.3   Sensors for Lighting Control

IEEE C62.41 , NEMA WD 1, UL 94 , UL 916 , UL 508 , ASTM D4674 REV A .
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2.5.3.1   Occupancy Sensors

Provide occupancy sensors with coverage patterns as  indicated on project 
plans.  Provide no less quantity of sensors as show n on plans, but add 
additional sensors when required to fulfill coverag e requirement for the 
specific model sensor provided.  Sensor must be pro vided with an adaptive 
learning function that automaticaly sets sensor in optimum calibration in a 
set period of time after installation and a non-vol atile memory that saves 
settings after a power outage.  Provide sensors des igned for ceiling, wall 
or wall-box installation as indicated.  Operating v oltage must be 120 [ 277 ]  
volts. [  Operating voltage must be 24V in conjunction wit h a control system 
or separate power pack which interacts with luminar e being controllled.]   
Provide housing of high-impact, injection-molded th ermoplastic with a 
multi-segmented lens for PIR and dual technology se nsors.  Sensor operation 
requires movement to activate luminaires controlled , and turns luminaires 
off after a set time of inactivity. [  Provide integral photocell mounted in 
occupancy sensor housing when indicated.]

2.5.3.1.1   Passive Infrared (PIR) Sensors

Provide ceiling or wall-mounted PIR sensors meeting  the following 
requirements:

a.  Temperature compensated, dual element sensor an d a multi-element 
fresnel lens (Poly IR4 material).

b.  Technology to optimize automatic time delay to fit occupant usage 
patterns.

c.  No minimum load requirement for line voltage se nsors and be capable of 
switching from zero to 800 W at 120 VAC, 50/60 Hz a nd from zero to 1200 
W at 277 VAC, 50/60 Hz. Control voltage sensors mus t not exceed a 
maximum load requirement of 20 mA at 24VDC.

d.  Time delay of five to 30 minutes in increments of five minutes with a 
walk through and test mode set by DIP switch.

e.  LED indicator that remains active during occupa ncy.

f.  Built-in light level sensor that is operational  from  8 to 180 
foot-candles .

g.  Coverage pattern tested to NEMA WD 7 standards.

h.  Standard five year warranty and be UL listed

i.  No leakage current to load when in the off mode .

2.5.3.1.2   Ultrasonic Sensors

Provide ceiling-mounted ultrasonic sensors meeting the following 
requirements:

a.  Operate at an ultrasonic frequency of 25 kHz [ 40 kHz ][_____] .

b.  LED on exterior of device to indicate occupant detection.

c.  Adjustable time delay period of 15 seconds to 1 5 minutes [_____] .
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d.  UL listed with minimum five year warranty.

[ e.  Provide with isolated relay for integrating con trol of HVAC or other 
automated systems.

] 2.5.3.1.3   Dual Technology Sensors

Provide dual technology sensors that meet the requi rements for PIR sensors 
and ultrasonic sensors indicated above.  If either the passive infrared or 
ultrasonic sensing registers occupancy, the luminai res must remain on.

2.5.3.1.4   High/Low-Bay Sensors

Provide occupancy sensors specifically designed for  high/low-bay mounting 
application using passive infrared (PIR) technology , with the following 
characteristics:

a.  Input voltage of 120/277 volts, at 50/60 hertz.

b.  High-impact, injection-molded thermoplastic hou sing with interchangable 
lenses for 360 degree open area coverage or narrow rectangular, 
warehouse aisle coverage.

c.  Utilize zero-crossing circuitry to prevent dama ge from high inrush 
current and to promote long life operation.

d.  Be designed to mount directly to or adjacent to  high or low-bay 
luminaires.

e.  UL listed, CEC Title 24  and ASHRAE 90.1 - IP  compliant.

2.5.3.1.5   Power Packs for Sensors

UL 2043 , CEC Title 24 , ASHRAE 90.1 - IP .  Power packs used to provide power 
to one or more lighting control sensors must meet t he following 
requirements:

a.  Input voltage - 120-277 VAC; output voltage - 2 4 VDC at 225 mA.

b.  Plenum-rated, high-impact thermoplastic enclosu re.

c.  Utilizes zero-crossing circuitry to prevent dam age from inrush current.

d.  Maximum load rating of 16 [_____]  amps for electronic [_____]  lighting 
loads.

e.  RoHS compliant.

2.5.3.2   Vacancy Sensors

Provide vacancy sensors as indicated above under pa ragraph OCCUPANCY 
SENSORS, but with requirement of a manual operation  to activate luminaires 
controlled.  Provide automatic operation to turn lu minaires off after a set 
period of inactivity.

2.5.4   [ Lighting Contactor

NEMA ICS 2 .  Provide an electrically[mechanically]-held light ing contactor 
housed in a NEMA 1[12][3R][4][4X][_____] enclosure conforming to NEMA ICS 
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6.  Provide contactor with one[_____] normally-open (NO)[normally 
closed(NC)], single[double] pole contacts, rated 60 0 volts, 30 amps.  
Provide coil operating voltage of [24][120][277][48 0][_____] volts. ]

[ 2.5.5   Timeswitch

UL 917 .  [Provide electromechanical type timeswitch with a [24 hour][7 
day][astronomic] dial [that changes on/off settings  according to seasonal 
variations of sunset and sunrise].  Provide power t o switch from integral 
synchronous motor with a maximum three watt rating.   Rate contacts at 40 
amps at 120-277 volts for general purpose loads.  P rovide contacts in a 
SPST[DPST][SPDT], [normally-open (NO)][normally-clo sed (NC)] 
configuration.  [Provide switch with an automatic s pring mechanism to 
maintain accurate time for up to 16 hours.]  [Provi de switch with function 
that allows automatic control to be skipped on cert ain selected days of the 
week.][Provide switch with manual bypass[remote ove rride] control 
function.]]

[Provide electronic type timeswitch with a [24 hour ][7 day][astronomic] 
programming function [that changes on/off settings according to seasonal 
variations of sunset and sunrise], providing a tota l of 56[_____] on/off 
set points.  Provide [12 hour AM/PM][24 hour] type digital clock display 
format.  Provide power outage back-up for switch fo r a minimum of 
[seven][_____] days.  Provide switch capable of con trolling a minimum of 
[1][2][4][_____] channels or loads.  Rate contacts at [30][_____] amps at 
120/277 volts for general purpose loads.  Provide c ontacts in a 
SPST[DPST][SPDT], [normally-open (NO)][normally-clo sed (NC)] 
configuration.  [Provide switch with [function that  allows automatic 
control to be skipped on certain selected days of t he week][manual bypass 
or remote overrise control][daylight savings time a djustment][additional 
memory module][momentary function for output contac ts][ability for 
photosensor input].]]

House timeswitch in a surface-mounted, lockable, NE MA 1[3R] enclosure 
constructed of painted steel or plastic polymer con forming to NEMA ICS 6 .

] 2.5.6   Bi-Level HID Controller

UL 1598 .  Provide device to switch full lumen output of HI D luminaires to 
50 percent output upon receiving 24 VDC signal from  motion sensor, 
photocell, or control system circuit.  Provide devi ce compatible with 
constant wattage autotransformer (CWA) ballasts and  have maximum load 
rating of 1000[_____] watts.  Provide controller in  a NEMA 1 enclosure and 
mount to luminaire or adjacent ceiling structure.

2.5.4   Lighting Control Panel

Provide an electronic, programmable lighting contro l panel, capable of 
providing lighting control with input from internal  programming, digital 
switches, time clocks, and other low-voltage contro l devices.

Enclose panel hardware in a surface [flush] -mounted, NEMA 1 [3R] , painted, 
steel enclosure, with hinged, lockable access door and ventilation 
openings.  Internal low-voltage compartment must be  separated from 
line-voltage compartment of enclosure with only low -voltage compartment 
accessible upon opening of door. [  Provide additional remote cabinets that 
communicate back to main control panel.]

Input voltage - 120/277 V, 60 Hz, with internal 24 VDC power supply.
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Provide 8 [16][32][_____]  single-pole latching [return to close]  relays rated 
at [ 20][30]  amps, [120] [ 277 ]  volts. [   Provide provision for relays to close 
upon power failure that meets UL 924 . ]

Relay control module must operate at 24 VDC and be rated to control a 
minimum of 8 [16][32][_____]  relays.

2.5.5   Local Area Lighting Controller

CEC Title 24  and ASHRAE 90.1 - IP  compliant.  Provide controller designed 
for single area or room with the following requirem ents:

a.  [120] [ 277 ]  volt input, designed for fluorecent or LED lighting loads.

b.  2 [_____]  zone, with 1 [ 2][_____]  relay [ s]  rated 20 amps [ each ] .

c.  Provide daylight harvesting capabilty with full -range dimming control.

d.  Inputs for occupancy sensor, photocell, and low -voltage wall switch.

[ e.  Provide capability for receptacle load control.

][ f.  Provide full 'OFF' function with input from ext ernal time clock input.

] 2.6   EXIT AND EMERGENCY LIGHTING EQUIPMENT

UL 924 , NFPA 101 , and NFPA 70  compliant.

2.6.1   Exit Signs

Provide exit signs consuming a maximum of five watt s total.

2.6.1.1   LED Self-Powered Exit Signs

Provide in [ UV-stable, thermo-plastic ][painted, die-cast aluminum] [painted 
steel]  housing with [ UL damp label ][UL wet label] [using clear polycarbonate 
housing] , configured for ceiling [ wall ][end]  mounting.  [Provide edge-lit 
type with clear acrylic, edge-lit face and aluminum  trim having clear 
aluminum[white][chrome][brass][_____] finish.]   Provide  6 inch  high,  3/4 
inch  stroke red [ green ][_____]  lettering on face of sign.  Provide chevrons 
on either side of lettering to indicate direction.  Provide single [double]  
face.  Equip with automatic power failure device, t est switch, and pilot 
light, and fully automatic high/low trickle charger  in a self-contained 
power pack.  Battery must be sealed, maintenance fr ee nickel-cadmium type, 
and must operate unattended for a period of not les s than five years.  
Emergency run time must be a minimum of 1 1/2 hours .  LEDs must have a 
minimum rated life of 10 years.  [ Provide self-diagnostic circuitry 
integral to emergency LED driver. ]

2.6.1.2   LED Remote-Powered Exit Signs

Provide as indicated above for self-powered type, b ut without battery and 
charger.  Exit sign must contain provision for 120/ 277 VAC or 6-48 VDC 
input from remote source.

2.6.2   Emergency Lighting Unit (EBU)

Provide in [ UV-stable, thermo-plastic ][painted, die-cast aluminum] [painted 
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steel]  housing with [ UL damp label ][UL wet label]  as indicated.  Emergency 
lighting units must be rated for 12 volts, except u nits having no 
remote-mounted lamps and having no more than two un it-mounted light sources 
may be rated six volts.  Equip units with brown-out  sensitive circuit to 
activate battery when input voltage falls to 75 per cent of normal.  Equip 
with two [_____]  LED, MR-16 [_____]  type light sources, automatic power 
failure device, test switch, and pilot light, and f ully automatic high/low 
trickle charger in a self-contained power pack.  Ba ttery must be sealed, 
maintenance free [lead-calcium] [ nickel-cadmium ][_____]  type, and must 
operate unattended for a period of not less than fi ve years.  Emergency run 
time must be a minimum of 1 1/2 hours.  LEDs must h ave a minimum rated life 
of 10 years.  [ Provide self-diagnostic circuitry integral to emerg ency LED 
driver. ]

2.6.3   LED Emergency Drivers

Provide LED emergency driver with automatic power f ailure detection, test 
switch and LED indicator (or combination switch/ind icator) located on 
luminaire exterior, and fully-automatic solid-state  charger, battery and 
inverter integral to a self-contained housing.  [ Provide self-diagnostic 
function integral to emergency driver. ] Integral nickel-cadmium [ lead-calcium
][_____]  battery is required to supply a minimum of 90 minu tes of emergency 
power at [5] [ 7][10] [_____]  watts, [ 10-50 ][_____]  VDC[ compatible with LED 
forward voltage requirements ] , constant output.  Driver must be RoHS 
compliant, rated for installation in plenum-rated s paces and damp 
locations, and be warranted for a minimum of five y ears.

2.6.4   Fluorescent Emergency Ballasts

Provide each 'system' with an automatic power failu re device, test switch 
operable from the exterior of the luminaire (or rem otely), a pilot light 
visible from the exterior of the luminaire, and ful ly automatic solid-state 
charger, battery, and inverter integral to a self-c ontained housing.  
[Provide self-diagnostic function integral to emerg ency ballast.]  Integral 
[nickel-cadmium][lead-calcium][_____] battery is re quired to supply a 
minimum of 90 minutes of emergency power to one[two ][_____] light source[s] 
within luminaire at a minimum of [500][700][1200][_ ____] lumens 
output[each].  Provide open-circuit protection and time-delay function to 
counteract 'end-of-life' circuitry in normal power ballast from interfering 
with emergency ballast operation.  Ballast must be RoHS compliant, rated 
for installation in plenum-rated spaces and damp lo cations, and be 
warranted for a minimum of five years.

[ 2.6.5   Self-Diagnostic Circuitry for LED and Fluorescent E mergency 
Drivers/Ballasts

Provide emergency lighting unit with fully-automati c, integral 
self-testing/diagnostic electronic circuitry.  Circ uitry must provide for a 
one minute diagnostic test every 28 days, and a 30 minute diagnostic test 
every six months, minimum.  Any malfunction of the unit must be indicated 
by LED(s) visible from the exterior of the luminair e.  A manual test switch 
must also be provided to perform a diagnostic test at any given time.

] 2.6.4   Central Emergency Lighting System

Provide integrally-housed emergency system rated at  100 [_____]  VA/watts, 120
[ 277 ]  volts (input and output), for a minimum period of 90 minutes.  Output 
frequency must be a pure sine wave at 60 hertz, wit h maximum 5 percent 
total harmonic distortion.  Provide system with min imum short circuit 
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rating required for protection against available fa ult current.

2.6.4.1   System Operation

During normal power operation, system charges batte ries as needed and 
allows normal power to pass through to load.  Upon loss of normal power, 
system automatically transfers to emergency mode wi thout interruption of 
connected loads.  Internal batteries provide a mini mum of 90 minutes of 
emergency power at this time.  Upon normal power be ing restored, system 
switches back to normal power mode and fully charge s batteries within 
UL-approved time period.

2.6.4.2   Battery Charger

Solid state, monitored, three step float charging t ype, keeping batteries 
in a fully charged state.  Provide circuitry to pre vent deep discharge of 
batteries in prolonged power outage conditions.

2.6.4.3   Batteries

Provide sealed, lead calcium type, designed to oper ated unattended without 
maintenance, for a minimum of 10 years.

2.6.4.4   Enclosure

Provide system in NEMA 1 [3R]  painted steel [aluminum]  enclosure with 
exterior-mounted "push-to-test" button and LED indi cator.

2.6.4.5   Accessories

Provide [_____]  single pole, 20[_____]  ampere output circuit breakers.  
[Voltmeter and ampmeter for battery[load].]

2.7   LUMINAIRE SUPPORT HARDWARE

2.7.1   Wire

ASTM A641/A641M ;  Galvanized, soft tempered steel, minimum  0.11 inches  in 
diameter, or galvanized, braided steel, minimum  0.08 inches  in diameter.

2.7.2   Wire for Humid Spaces

ASTM A580/A580M ;  Composition 302 or 304, annealed stainless steel , minimum  
0.11 inches  in diameter.

ASTM B164;  UNS NO4400, annealed nickel-copper alloy, minimu m 0.11 inches  
in diameter.

2.7.3   Threaded Rods

Threaded steel rods,  3/16 inch  diameter, zinc or cadmium coated.

2.7.4   Straps

Galvanized steel,  one by 3/16 inch , conforming to ASTM A653/A653M , with a 
light commercial zinc coating or ASTM A1008/A1008M  with an electrodeposited 
zinc coating conforming to ASTM B633, Type RS.
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2.8   POWER HOOK LUMINAIRE HANGERS

UL 1598 Provide an assembly consisting of through-wired pow er hook housing, 
interlocking plug and receptacle, power cord, and l uminaire support loop.  
Power hook housing must be cast aluminum having two  3/4 inch  threaded 
hubs.  Support hook must have safety screw.  Fixtur e support loop must be 
cast aluminum with provisions for accepting  3/4 inch  threaded stems.  Power 
cord must include  16 inches  of 3 conductor No. 16 Type SO cord.  Assembly 
must be rated 120 volts or 277 volts, 15 amperes.

2.9   EQUIPMENT IDENTIFICATION

2.9.1   Manufacturer's Namplate

Each item of equipment must have a nameplate bearin g the manufacturer's 
name, address, model number, and serial number secu rely affixed in a 
conspicuous place; the nameplate of the distributin g agent will not be 
acceptable.

2.9.2   Labels

Provide labeled luminaires in accordance with UL 1598  requirements.  All 
luminaires must be clearly marked for operation of specific light sources 
and ballasts, generators or drivers.  Note the foll owing light source 
characteristics in the format "Use Only _____":

a.  Light source diameter code (T-4, T-5, T-8), tube co nfiguration (twin, 
quad, triple), base type, and nominal wattage for f luorescent and 
compact fluorescent luminaires.

b.  Light source type, wattage, envelope type (ED17 , BD56, etc.) and 
coating (clear or coated) for HID luminaires.

c.  Start type (programmed start, instant start) fo r fluorescent and 
compact fluorescent luminaires.

d.  ANSI ballast type (M98, M57, etc.) for HID lumi naires.

e.  Correlated color temperature (CCT) and color re ndering index (CRI) for 
all luminaires.

All markings related to light source type must be c lear and located to be 
readily visible to service personnel, but unseen fr om normal viewing angles 
when light sources are in place.  Ballasts, generat ors or drivers must have 
clear markings indicating multi-level outputs and i ndicate proper terminals 
for the various outputs.

2.10   FACTORY APPLIED FINISH

Provide all luminaires and lighting equipment with factory-applied painting 
system that as a minimum, meets requirements of NEMA 250 
corrosion-resistance test.

2.11   RECESS- AND FLUSH-MOUNTED LUMINAIRES

Provide access to lamp and ballast from bottom of l uminaire.  Provide trim [
and lenses ] for the exposed surface of flush-mounted luminaires  as indicated 
on project drawings and specifications.
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2.12   SUSPENDED LUMINAIRES

Provide hangers capable of supporting twice the com bined weight of 
luminaires supported by hangers.  Provide with swiv el hangers to ensure a 
plumb installation.  Provide cadmium-plated steel w ith a swivel-ball tapped 
for the conduit size indicated.  Hangers must allow  fixtures to swing 
within an angle of  45 degrees .  Brace pendants  4 feet  or longer to limit 
swinging.  Single-unit suspended luminaires must  h ave twin-stem hangers.  
Multiple-unit or continuous row luminaires must hav e a tubing or stem for 
wiring at one point and a tubing or rod suspension provided for each unit 
length of chassis, including one at each end.  Prov ide rodsRods in minimum  
0.18 inch  diameter.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations must conform to IEEE C2 , NFPA 70 , and to the 
requirements specified herein.  Install luminaires and lighting controls to 
meet the requirements of ASHRAE 90.1 - IP  and ASHRAE 189.1 .  To encourage 
consistancy and uniformity, install luminaires of t he same manufacture and 
model number when residing in the same facility or building.

3.1.1   Light Sources

When light sources are not provided as an integral part of the luminaire, 
deliver light sources of the type, wattage, lumen o utput, color 
temperature, color rendering index, and voltage rat ing indicated to the 
project site and install just prior to project comp letion, if not already 
installed in the luminaires from the factory.

3.1.2   Luminaires

Set luminaires plumb, square, and level with ceilin g and walls, in 
alignment with adjacent luminaires and secure in ac cordance with 
manufacturers' directions and approved drawings.  I nstallation must meet 
requirements of NFPA 70 .  Mounting heights specified or indicated must be 
to the bottom of the luminaire for ceiling-mounted luminaires and to center 
of luminaire for wall-mounted luminaires.  Obtain a pproval of the exact 
mounting height on the job before commencing instal lation and, where 
applicable, after coordinating with the type, style , and pattern of the 
ceiling being installed.  Recessed and semi-recesse d luminaires must be 
independently supported from the building structure  by a minimum of four 
wires, straps or rods per luminaire and located nea r each corner of the 
luminiare.  Ceiling grid clips are not allowed as a n alternative to 
independently supported luminaires.  Round luminair es or luminaires smaller 
in size than the ceiling grid must be independently  supported from the 
building structure by a minimum of four wires, stra ps or rods per 
luminaire, spaced approximately equidistant around.   Do not support 
luminaires by acoustical tile ceiling panels.  Wher e luminaires of sizes 
less than the ceiling grid are indicated to be cent ered in the acoustical 
panel, support each independently and provide at le ast two  3/4 inch  metal 
channels spanning, and secured to, the ceiling tees  for centering and 
aligning the luminiare.  Provide wires, straps, or rods for luminaire 
support in this section.  Luminaires installed in s uspended ceilings must 
also comply with the requirements of Section 09 51 00  ACOUSTICAL CEILINGS.
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3.1.3   Suspended Luminaires

Provide suspended luminaires with  45 degree  swivel hangers so that they 
hang plumb and level.  Locate so that there are no obstructions within the  
45 degree  range in all directions.  The stem, canopy and lum inaire must be 
capable of  45 degree  swing.  Pendants, rods, or chains  4 feet  or longer 
excluding luminaire must be braced to prevent swayi ng using three cables at  
120 degree  separation.  Suspended luminaires in continuous ro ws must have 
internal wireway systems for end to end wiring and must be properly aligned 
to provide a straight and continuous row without be nds, gaps, light leaks 
or filler pieces.  Utilize aligning splines on extr uded aluminum luminaires 
to assure minimal hairline joints.  Support steel l uminaires to prevent 
"oil-canning" effects.  Luminaire finishes must be free of scratches, 
nicks, dents, and warps, and must match the color a nd gloss specified.  
Match supporting pendants with supported luminaire.   Aircraft cable must be 
stainless steel.  Canopies must be finished to matc h the ceiling and must 
be low profile unless otherwise shown.  Maximum dis tance between suspension 
points must be  10 feet  or as recommended by the manufacturer, whichever i s 
less.

3.1.4   Ballasts, Generators and Power Supplies

Typically, provide ballasts, generators, and power supplies (drivers) 
integral to luminaire as constructed by the manufac turer.

3.1.5   Exit Signs and Emergency Lighting Units

Wire exit signs and emergency lighting units ahead of the local switch, to 
the normal lighting circuit located in the same roo m or area.

[ 3.1.5.1   Exit Signs

Connect exit signs on separate circuits and serve f rom [an emergency 
panel][a separate circuit breaker][a fused disconne ct switch].  Provide 
only one source of control, which would be [the cir cuit breaker in the 
emergency panel][the separate circuit breaker][the fused disconnect 
switch].  Paint source of control red and provide l ockout capability.

][ 3.1.5.2   Emergency Lighting from Central Emergency System

Connect emergency lighting from a central emergency  system as indicated on 
the project drawings.

] 3.1.6   Photocell Switch Aiming

Aim switch according to manufacturer's recommendati ons.

3.1.7   Occupancy/Vacancy Sensors

Provide testing od sensor coverage in all spaces wh ere sensors are placed.  
This should be done only after all furnishings (car pet, furniture, 
workstations, etc.) have been installed.  Provide q uantity of sensor units 
indicated as a minimum.  Provide additional units t o give full coverage 
over controlled area.  Full coverage must provide h and and arm motion 
detection for office and administration type areas and walking motion for 
industrial areas, warehouses, storage rooms and hal lways.  Locate the 
sensor(s) as indicated and in accordance with the m anufacturer's 
recommendations to maximize energy savings and to a void nuisance activation 
and deactivation due to sudden temperature or airfl ow changes and usage.
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3.1.8   Daylight or Ambient Light Level Sensor

Locate sensor as indicated and in accordance with t he manufacturer's 
recommendations.  Adjust sensor for  30 footcandles or for the indicated 
light level measured at the work plane for that par ticular area.

3.2   FIELD APPLIED PAINTING

Paint lighting equipment as required to match finis h of adjacent surfaces 
or to meet the indicated or specified safety criter ia.  Provide painting as 
specified in Section 09 90 00  PAINTS AND COATINGS.

        -- End of Section --
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SECTION 26 56 00

EXTERIOR LIGHTING
05/13

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o in the text by the 
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO LTS (2013; Errata 2013) Standard 
Specifications for Structural Supports for 
Highway Signs, Luminaires and Traffic 
Signals

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2013) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A153/A153M (2016) Standard Specification for Zinc 
Coating (Hot-Dip) on Iron and Steel 
Hardware

ASTM B108/B108M (2015) Standard Specification for 
Aluminum-Alloy Permanent Mold Castings

ASTM B117 (2016) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM C1089 (2013) Standard Specification for Spun 
Cast Prestressed Concrete Poles

ILLUMINATING ENGINEERING SOCIETY  (IES)

IES HB-10 (2011; Errata 2015) IES Lighting Handbook

IES LM-79 (2008) Electrical and Photometric 
Measurements of Solid-State Lighting 
Products

IES LM-80 (2015) Measuring Lumen Maintenance of LED 
Light Sources

IES RP-16 (2010; Addendum A 2008; Addenda B 2009; 
Addendum C 2016) Nomenclature and 
Definitions for Illuminating Engineering

IES RP-8 (2014) Roadway Lighting

IES TM-15 (2011) Luminaire Classification System for 

SECTION 26 56 00  Page 1



HAFB B591 Renovation HAFBB591FACILITY

Outdoor Luminaires

IES TM-21 (2011; Addendum B 2015) Projecting Long 
Term Lumen Maintenance of LED Light Sources

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS ( IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015; INT 12 2016) National Electrical 
Safety Code

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C136.13 (2004; R 2009) American National Standard 
for Roadway Lighting Equipment, Metal 
Brackets for Wood Poles

ANSI C136.21 (2014) American National Standard for 
Roadway and Area Lighting Equipment - 
Vertical Tenons Used with Post-Top-Mounted 
Luminaires

ANSI C136.3 (2014) American National Standard for 
Roadway and Area Lighting Equipment 
Luminaire Attachments

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ANSLG C78.377 (2015) American National Standard for 
Electric Lamps— Specifications for the 
Chromaticity of Solid State Lighting 
Products

NEMA C136.31 (2010) American National for Roadway and 
Area Lighting Equipment - Luminaire 
Vibration

NEMA C82.77 (2002) Harmonic Emission Limits - Related 
Power Quality Requirements for Lighting 
Equipment

NEMA IEC 60529 (2004) Degrees of Protection Provided by 
Enclosures (IP Code)

NEMA WD 7 (2011) Occupancy Motion Sensors Standard

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017 (2014; AMD 1 2013; Errata 1 2013; AMD 
2 2013; Errata 2 2013; AMD 3 2014; Errata 
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3-4 2014; AMD 4-6 2014)  National 
Electrical Code

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION ( NARA)

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 1310 (2011; Reprint Dec 2014) UL Standard for 
Safety Class 2 Power Units

UL 1598 (2008; Reprint Oct 2012) Luminaires

UL 773 (1995; Reprint Jul 2015) Standard for 
Plug-In, Locking Type Photocontrols for 
Use with Area Lighting

UL 773A (2016) Standard for Nonindustrial 
Photoelectric Switches for Lighting Control

UL 8750 (2009; Reprint May 2014) UL Standard for 
Safety Light Emitting Diode (LED) 
Equipment for Use in Lighting Products

1.2   RELATED REQUIREMENTS

Materials not considered to be luminaires or lighti ng equipment are 
specified in Section(s) [ 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION]  [
33 71 01.00 40  OVERHEAD TRANSMISSION AND DISTRIBUTION] [ 33 71 01  OVERHEAD 
TRANSMISSION AND DISTRIBUTION] .  Luminaires and accessories installed in 
interior of buildings are specified in Section [ 26 51 00  INTERIOR LIGHTING ]  
[ 26 51 00.00 40  INTERIOR LIGHTING] .

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electr ical and electronics 
terms used in these specifications, and on the draw ings shall be as 
defined in IEEE 100  and IES RP-16 .

[ b.  For HID, fluorescent, and induction luminaire l ight sources, "Average 
Rated Life" is the time after which 50 percent of a  large group of 
light sources will have failed and 50 percent will have survived under 
normal operating conditions. ]

[ c.  For LED luminaire light sources, "Useful Life" is the operating hours 
before reaching 70 percent of the initial rated lum en output (L70) with 
no catastrophic failures under normal operating con ditions.  This is 
also known as 70 percent "Rated Lumen Maintenance L ife" as defined in 
IES LM-80 . ]

[ d.  The "Groundline Section" of wood poles is that portion of the pole 
between  one foot  above, and  2 feet  below the groundline. ]

1.4   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
submittals not having a "G" designation are [for Contractor Quality Control 
approval] [ for information only ] .  [ When used, a designation following the 

SECTION 26 56 00  Page 3



HAFB B591 Renovation HAFBB591FACILITY

"G" designation identifies the office that will rev iew the submittal for 
the Government. ]   Submittals with an "S" are for inclusion in the 
Sustainability Notebook, in conformance to Section 01 33 29  SUSTAINABILITY 
REPORTING.  Submit the following in accordance with  Section 01 33 00  
SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Photometric Plan ; G

LED Luminaire Warranty ; G

SD-02 Shop Drawings

Luminaire drawings ; G

Poles ; G

SD-03 Product Data

[ [HID,]  [LPS,] [ Fluorescent,] [Induction] [and LED]  Luminaires ; G]

Luminaire Light Sources ; G

Luminaire [ Ballasts,][ Generators][ and ][  Power Supply Units 
(Drivers) ] ; G

Lighting contactor ; G

Time switch ; G

Lighting Control Relay Panel ; G

Motion Sensor ; G

Bi-level HID Controller ; G

Photocell ; G

Concrete poles ; G

Aluminum poles ; G

Steel poles ; G

Fiberglass poles ; G

Brackets

Obstruction Marker Luminaires ; G

[ SD-04 Samples

[HID,] [LPS,] [Fluorescent,] [Induction] [and] [LED ] Luminaires ; G

Submit one sample of each luminaire type[, complete  with light 
source and ballast, generator or power supply unit] .[  Submit one 
sample for each item other than luminaires.]  Sampl e will be 
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returned to the Contractor for installation in the project work.

] SD-05 Design Data

Design Data for luminaires ; G

SD-06 Test Reports

LED Luminaire - IES LM-79  Test Report ; G

LED Light Source - IES LM-80  Test Report ; G

[ Pressure treated wood pole quality

][ Tests for fiberglass poles ; G

] Operating test

Submit operating test results as stated in paragrap h entitled 
"Field Quality Control."

SD-07 Certificates

Luminaire Useful Life Certificate ; G

Submit certification from the manufacturer indicati ng the expected 
useful life of the luminaires provided.  The useful  life shall be 
directly correlated from the IES LM-80  test data using procedures 
outlined in IES TM-21 .  Thermal properties of the specific 
luminaire and local ambient operating temperature a nd conditions 
shall be taken into consideration.

SD-08 Manufacturer's Instructions

Concrete poles

Submit instructions prior to installation.

Fiberglass poles

Submit instructions prior to installation.

SD-10 Operation and Maintenance Data

Electronic Ballast Warranty

Operational Service

Submit documentation that includes contact informat ion, summary of 
procedures, and the limitations and conditions appl icable to the 
project.  Indicate manufacturer's commitment to rec laim materials 
for recycling and/or reuse.
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1.5   QUALITY ASSURANCE

1.5.1   Drawing Requirements

1.5.1.1   Luminaire Drawings

Include dimensions, effective projected area (EPA),  accessories, and 
installation and construction details.  Photometric  data, including zonal 
lumen data, average and minimum ratio, aiming diagr am, and [ computerized]  
candlepower distribution data shall accompany shop drawings.

[ 1.5.1.2   Poles

Include dimensions, wind load determined in accorda nce with AASHTO LTS, 
pole deflection, pole class, and other applicable i nformation. [   For 
concrete poles, include:  section and details to in dicate quantities and 
position of prestressing steel, spiral steel, inser ts, and through holes; 
initial prestressing steel tension; and concrete st rengths at release and 
at 28 days. ]

] [ 1.5.2   Pressure Treated Wood Pole Quality

Ensure the quality of pressure treated wood poles.  Furnish an inspection 
report (for wood poles) of an independent inspectio n agency, approved by 
the Contracting Officer, stating that offered produ cts comply with AWPA U1 
and RUS Bull 1728F-700  standards.  The RUS approved Quality Mark "WQC" on  
each pole will be accepted, in lieu of inspection r eports, as evidence of 
compliance with applicable AWPA treatment standards .

] 1.5.2   Photometric Plan

For LED luminaires, include computer-generated phot ometric analysis of the 
"designed to" values for the "end of useful life" o f the luminaire 
installation using a light loss factor of 0.7.  For  LED and all other types 
of luminaires, the submittal shall include the foll owing:

Horizontal illuminance measurements at finished gra de, taken at a maximum 
of every  10 feet .

Vertical illuminance measurements at  5 feet  above finished grade.

Minimum and maximum  footcandle  levels.

Average maintained  footcandle  level.

Maximum to minimum ratio for horizontal illuminance  only.

1.5.3   Design Data for Luminaires

a.  Provide distribution data according to IES clas sification type as 
defined in IES HB-10 .

b.  Shielding as defined by IES RP-8  or B.U.G. rating for the installed 
position as defined by IES TM-15 .

c.  Provide safety certification and file number fo r the luminaire family.  
Include listing, labeling and identification per NFPA 70  (NEC).  
Applicable testing bodies are determined by the US Occupational Safety 
Health Administration (OSHA) as Nationally Recogniz ed Testing 
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Laboratories (NRTL) and include: CSA (Canadian Stan dards Association), 
ETL (Edison Testing Laboratory), and UL (Underwrite rs Laboratories).

d.  Provide long term lumen maintenance projections  for each LED luminaire 
in accordance with IES TM-21 .  Data used for projections shall be 
obtained from testing in accordance with IES LM-80 .

e.  Provide wind loading calculations for luminaire s mounted on poles.  
Weight and effective projected area (EPA) of lumina ires and mounting 
brackets shall not exceed maximum rating of pole as  installed in 
particular wind zone area.

1.5.4   LED Luminaire -  IES LM-79  Test Report

Submit test report on manufacturer's standard produ ction model luminaire.  
Submittal shall include all photometric and electri cal measurements, as 
well as all other pertinent data outlined under "14 .0 Test Report" in 
IES LM-79 .

1.5.5   LED Light Source - IES LM-80  Test Report

Submit report on manufacturer's standard production  LED package, array, or 
module.  Submittal shall include:

a.  Testing agency, report number, date, type of eq uipment, and LED light 
source being tested.

b.  All data required by IES LM-80 .

1.5.5.1   Test Laboratories

Test laboratories for the IES LM-79  and IES LM-80  test reports shall be one 
of the following:

a.  National Voluntary Laboratory Accreditation Pro gram (NVLAP) accredited 
for solid-state lighting testing as part of the Ene rgy-Efficient 
Lighting Products laboratory accreditation program.

b.  One of the qualified labs listed on the Departm ent of Energy - Energy 
Efficiency & Renewable Energy, Solid-State Lighting  web site.

c.  A manufacturer's in-house lab that meets the fo llowing criteria:

1.  Manufacturer has been regularly engaged in the design and 
production of high intensity discharge roadway and area luminaires 
and the manufacturer's lab has been successfully ce rtifying these 
fixtures for a minimum of 15 years.

2.  Annual equipment calibration including photomet er calibration in 
accordance with National Institute of Standards and  Technology.

[ 1.5.6   \[ Tests for Fiberglass Poles

a.  Ultraviolet resistance tests:  Perform accordin g to ASTM G154 using a 
UV-B light source having a 313 nanometer wavelength , operated at  130 
degrees F , cycling the light source on for 4 hours and off f or 4 hours 
for a total test period of 1500 hours minimum with the following 
results:
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Fiber exposure: None

Crazing: None

Checking: None

Chalking: None

Color: May dull slightly

b.  Flexural strength and deflection test:  Test lo ading shall be as a 
cantilever beam with pole butt as fixed end and a f orce simulating wind 
load at the free end.

\] ] 1.5.6   Regulatory Requirements

In each of the publications referred to herein, con sider the advisory 
provisions to be mandatory, as though the word, "sh all" had been 
substituted for "should" wherever it appears.  Inte rpret references in 
these publications to the "authority having jurisdi ction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordanc e with the mandatory and 
advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.5.7   Standard Products

Provide materials and equipment that are products o f manufacturers 
regularly engaged in the production of such product s which are of equal 
material, design and workmanship.  Products shall h ave been in satisfactory 
commercial or industrial use for 2 years prior to b id opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product sha ll have been on sale on 
the commercial market through advertisements, manuf acturers' catalogs, or 
brochures during the 2-year period.  Where two or m ore items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the i tem need not be the 
products of the same manufacturer unless stated in this section.

1.5.7.1   Alternative Qualifications

Products having less than a 2-year field service re cord will be acceptable 
if the manufacturer has been regularly engaged in t he design and production 
of high intensity discharge roadway and area lumina ires for a minimum of 15 
years.  Products shall have been in satisfactory co mmercial or industrial 
use for 15 years prior to bid opening.  The product  shall have been on sale 
on the commercial market through advertisements, ma nufacturers' catalogs, 
or brochures during the 15-year period.

1.5.7.2   Material and Equipment Manufacturing Date

Products manufactured more than 1 year prior to dat e of delivery to site 
shall not be used, unless specified otherwise.

[ 1.6   DELIVERY, STORAGE, AND HANDLING OF POLES
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[ 1.6.1   Wood Poles

Do not store poles on ground.  Stack poles stored f or more than 2 weeks on 
decay-resisting skids arranged to support the poles  without producing 
noticeable distortion.  Store poles to permit free circulation of air; the 
bottom poles in the stack shall be at least  one foot  above ground level and 
growing vegetation.  Do not permit decayed or decay ing wood to remain 
underneath stored poles.  Do not drag treated poles  along the ground.  Do 
not use pole tongs, cant hooks, and other pointed t ools capable of 
producing indentation more than  one inch  in depth in handling the poles.  
Do not apply tools to the groundline section of any  pole.

] [ 1.6.1   Concrete Poles

Do not store poles on ground.  Support poles so the y are at least  one foot  
above ground level and growing vegetation.

] [ 1.6.2   [Fiberglass]  [ Aluminum ]  [ Steel ] Poles

Do not store poles on ground.  Support poles so the y are at least  one foot  
above ground level and growing vegetation.  Do not remove factory-applied 
pole wrappings until just before installing pole.

] ] 1.7   WARRANTY

The equipment items shall be supported by service o rganizations which are 
reasonably convenient to the equipment installation  in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

[ 1.7.1   LED Luminaire Warranty

Provide Luminaire Useful Life Certificate .

The equipment items shall be supported by service o rganizations which are 
reasonably convenient to the equipment installation  in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

a.  Provide a written five year on-site replacement  warranty for material, 
fixture finish, and workmanship. On-site replacemen t includes 
transportation, removal, and installation of new pr oducts.

1.  Finish warranty shall include warranty against failure and against 
substantial deterioration such as blistering, crack ing, peeling, 
chalking, or fading.

2.  Material warranty shall include:

(a) All power supply units (drivers).

(b) Replacement when more than 10 percent of LED so urces in any 
lightbar or subassembly(s) are defective or non-sta rting.

b.  Warranty period must begin on date of beneficia l occupancy.  Contractor 
shall provide the Contracting Officer signed warran ty certificates 
prior to final payment.
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][ 1.7.2   Electronic Ballast Warranty

Furnish the electronic ballasts manufacturer's warr anty.  The warranty 
period shall not be less than five (5) years from t he date of manufacture.  
Ballast assembly in the lighting fixture, transport ation, and on-site 
storage shall not exceed twelve (12) months, thereb y permitting four (4) 
years of the five (5) year warranty to be in servic e and energized.  The 
warranty shall state that the malfunctioning ballas t shall be exchanged by 
the manufacturer and promptly shipped to the using Government facility.  
The replacement ballast shall be identical to, or a n improvement upon, the 
original design of the malfunctioning ballast.

] 1.8   OPERATIONAL SERVICE

Coordinate with manufacturer for [ maintenance agreement ]  [take-back program] .  
Collect information from the manufacturer about [ maintenance agreement ]  
[green lease] options, and submit to Contracting Officer.  Servic es shall 
reclaim materials for recycling and/or reuse.  Serv ices shall not deposit 
materials in landfills or burn reclaimed materials.   Indicate procedures 
for compliance with regulations governing disposal of mercury.  When such a 
service is not available, local recyclers shall be sought after to reclaim 
the materials.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be luminai res, equipment or 
accessories are specified in [  Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION, ][ Section 33 71 01  OVERHEAD TRANSMISSION AND DISTRIBUTION,] [ 
and Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.]  Luminaires and 
associated equipment and accessories for interior a pplications are 
specified in Section 26 51 00  INTERIOR LIGHTING.

2.2   [HID,]  [LPS,] [ FLUORESCENT,]  [ INDUCTION]  [ AND]  [ LED]  LUMINAIRES

UL 1598 , NEMA C82.77  and UL 8750 .  Provide luminaires as indicated in 
luminaire schedule and XL plates or details on proj ect plans.  Provide 
luminaires complete with light sources of quantity,  type, and wattage 
indicated.  All luminaires of the same type shall b e provided by the same 
manufacturer.

2.2.1   General Requirements

a. [   LED luminaire housings shall be die cast or extru ded aluminum. ][  
Housings for luminaires other than LED shall be die  cast, extruded, or 
fabricated aluminum.  Fabricated aluminum housings shall have all seams 
and corners internally welded to resist weathering,  moisture and dust.]

[ b.  LED luminaires shall be rated for operation wit hin an ambient 
temperature range of  minus 22 degrees F  to [  104 degrees F ][  122 degrees 
F] .

] c.  Luminaires shall be UL listed for wet locations  per UL 1598 . [   Optical 
compartment for LED luminaires shall be sealed and rated a minimum of 
IP65 per NEMA IEC 60529 . ]

[ d.  LED luminaires shall produce a minimum efficacy  as shown in the 
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following table, tested per IES LM-79 .  Theoretical models of initial 
raw LED lumens per watt are not acceptable.

Application Luminaire Efficacy 
in Lumens per Watt

Exterior Pole/Arm-Mounted Area and 
Roadway Luminaires

65

Exterior Pole/Arm-Mounted Decorative 
Luminaires

65

Exterior Wall-Mounted Area Luminaires 60

Bollards 35

Parking Garage Luminaires 70

] e.  Luminaires shall have IES distribution and NEMA  field angle 
classifications as indicated in luminaire schedule on project plans per 
IES HB-10 .

f.  Housing finish shall be baked-on enamel, anodiz ed, or baked-on powder 
coat paint.  Finish shall be capable of surviving ASTM B117 salt fog 
environment testing for 2500 hours minimum without blistering or 
peeling.

g.  Luminaires shall not exceed the following IES TM-15  Backlight, Uplight 
and Glare (B.U.G.) ratings:

1.  Maximum Backlight (B) rating shall be determine d by lighting zone  
in which luminaire is placed.

2.  Maximum Uplight (U) rating shall be U0.

3.  Maximum Glare (G) rating shall be determined by  lighting zone in 
which luminaire is placed.

h.  Luminaires shall be fully assembled and electri cally tested prior to 
shipment from factory.

i.  The finish color shall be as indicated in the l uminaire schedule or 
detail on the project plans.

[ j.  Luminaire arm bolts shall be 304 stainless stee l or zinc-plated steel.

] k.  Luminaire lenses shall be constructed of [  clear ][ frosted]  tempered 
glass or UV-resistant acrylic. [  Provide polycarbonate vandal-resistant 
lenses as indicated.]

[ l.  The wiring compartment on pole-mounted, street and area luminaires must 
be accessible without the use of hand tools to mani pulate small screws, 
bolts, or hardware.

] m.  Incorporate modular electrical connections, and  construct luminaires to 
allow replacement of all or any part of the optics,  heat sinks, power 
supply units, ballasts, surge suppressors and other  electrical 
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components using only a simple tool, such as a manu al or cordless 
electric screwdriver.

n.  Luminaires shall have a nameplate bearing the m anufacturer's name, 
address, model number, date of manufacture, and ser ial number securely 
affixed in a conspicuous place.  The nameplate of t he distributing 
agent will not be acceptable.

[ o.  Roadway and area luminaires shall have an integ ral tilt adjustment of 
plus or minus 5 degrees to allow the unit to be lev eled in accordance 
with ANSI C136.3 .

] p.  Luminaire must pass 3G vibration testing in acc ordance with NEMA C136.31 .

q.  All factory electrical connections shall be mad e using crimp, locking, 
or latching style connectors.  Twist-style wire nut s are not acceptable.

2.2.2   Luminaire Light Sources

[ 2.2.2.1   High Pressure Sodium (HPS) Light Sources

ANSI ANSLG C78.42  and NEMA ANSLG C78.380 .  HPS light sources shall have a 
minimum average rated life of 24,000 hours, minimum  color rendering index 
(CRI) of 21, and a minimum correlated color tempera ture (CCT) of 1900 
degrees K.  Provide type and wattage as indicated i n luminaire schedule on 
project plans.  Light sources shall be compliant wi th the most current TCLP 
test procedure per NEMA C78.LL 3  at the time of manufacture.

][ 2.2.2.2   Metal Halide (MH) Light Sources

ANSI/ANSLG C78.43 , NEMA ANSLG C78.44 , ANSI C78.1381 , and NEMA ANSLG C78.380 .  
Provide type and wattage as indicated in luminaire schedule on project 
plans.  Open fixtures are prohibited unless provide d with a mechanism to 
utilize only Type O light sources and prohibit the use of Type E or S light 
sources.  Light sources shall be specifically suite d to operate in the 
burning position which they are installed, and shal l be compliant with the 
most current TCLP test procedure per NEMA C78.LL 3  at the time of 
manufacture.

[ a.  All probe-start metal halide light sources shal l utilize [a] [an] BT 
[ED][ET]-type envelope, with an E-39[_____] screw b ase.  The arc tube 
shall be a ceramic[-fused quartz]-type, with a rati ng of 
[400][1000][_____] watts, having a minimum initial output of 
[35,000][105,000][_____] lumens.  The correlated co lor temperature 
(CCT) shall be [3000][_____] degrees K, with a mini mum color rendering 
index (CRI) of [65][_____].  The minimum average ra ted life shall be 
[15,000][12,000] hours, based on 10 hours operation  per start.

][ b.  All pulse-start metal halide light sources shal l utilize [a] [an] 
[Tube][PAR][ED][ET][BD]-type envelope, [G-12][E-26 Medium][E-39][mogul] 
base, ceramic[fused quartz] arc tube type, rated at  
[70][100][250][_____] watts, with a minimum initial  output of 
[6300][6200][21,000][_____] lumens.  Correlated col or temperature (CCT) 
shall be [3000][_____] degrees K, minimum color ren dering index (CRI) 
shall be [80] [_____], with a minimum average rated  life of [12,000] 
hours, based on 10 hours operation per start.
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] ][ 2.2.2.3   Low Pressure Sodium (LPS) Light Sources

ANSI ANSLG C78.41  and NEMA ANSLG C78.380 .  Low Pressure Sodium light 
sources shall have average rated life of 18,000 hou rs minimum and a 
correlated color temperature (CCT) of 1700 degrees K.  Provide in a T17 or 
T21 type envelope with a D.C. Bayonet type base rat ed at [55][90][135][180] 
watts, with an initial output of [7800][14300][2260 0][32000] lumens.

][ 2.2.2.4   Fluorescent Light Sources

[ a.  T5HO fluorescent light sources shall have minia ture bi-pin bases, be 
low-mercury type, in nominal length(s) of  46 in  58 in , rated at 
[54][80] watts, with minimum initial output of [445 0] [6150] lumens.  
Light source correlated color temperature (CCT) sha ll be [3500] [4100] 
degrees K, with a minimum CRI value of 75, and a mi nimum average rated 
life of [25,000][_____] hours,  based on 3 hours op eration per start.  
Light sources shall be compliant with the most curr ent TCLP test 
procedure per ANSI/NEMA C78.LL 1256  at time of manufacture.

][ b.  T8 fluorescent light sources shall have medium bi-pin bases, be 
low-mercury type, in nominal length(s) of  48 in  96 in , rated at [32] 
[59] watts, with minimum initial output of [2800] [ 5700] lumens.  Light 
source correlated color temperature (CCT) shall be [3500] [4100] 
degrees K, with a minimum CRI value of 75, and a mi nimum average rated 
life of [30,000][_____] hours, based on 3 hours ope ration per start.  
Light sources shall be compliant with the most curr ent TCLP test 
procedure per ANSI/NEMA C78.LL 1256  at time of manufacture.

][ c.  Compact fluorescent (CFL) light sources shall b e 4-pin base, 
low-mercury, programmed-start, energy-savings type,  rated at [26] [32] 
[42][57][70] watts, correlated color temperature of  [3500] [4100] 
degrees K, minimum CRI of 82, with an average rated  life of 
[16,000][_____] hours minimum.  Light sources shall  be compliant with 
the most current TCLP test procedure per ANSI/NEMA C78.LL 1256  at time 
of manufacture.

] ][ 2.2.2.5   Induction Light Sources

Induction light sources shall consist of an electro deless, 
inductively-coupled, phosphor-coated fluorescent en velope rated at [55] 
[85] [100] [150] [165] watts, color temperature of [3000/3500] [4000/4100] 
[5000] degrees K, minimum CRI of 80, with an averag e rated life of 100,000 
hours minimum based on 3 hours operation per start.

][ 2.2.2.1   LED Light Sources

a.  Correlated Color Temperature (CCT) shall be in accordance with 
NEMA ANSLG C78.377 :

[ Nominal CCT: 4000 degrees K: 3985 plus or minus 275  degrees K

] b.  Color Rendering Index (CRI) shall be:

Greater than or equal to [ 70]  [_____] for 4000 degrees K light sources.

c.  Color Consistency:
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Manufacturer shall utilize a maximum 4-step MacAdam  ellipse binning 
tolerance for color consistency of LEDs used in lum inaires.

] 2.2.3   Luminaire [  Ballasts, ][  Generators ][  and ][  Power Supply Units 
(Drivers) ]

[ 2.2.3.1   HID Ballasts

2.2.3.1.1   Electronic HID Ballasts

NEMA ANSLG C82.14 , IEEE C62.41 , 47 CFR 18  and shall meet the following 
requirements:

a.  Minimum power factor shall be greater than 90 p ercent.

b.  Input voltage shall be 120-277 volts plus or mi nus 10 percent.

c.  Shall have end of life circuitry to prevent bal last from operating if 
light source is inoperable.

d.  Shall have a sound rating of A and a lamp curre nt crest factor less 
than 1.5.

e.  Input current total harmonic distortion shall b e less than 15 percent.

f.  Minimum starting temperature shall be  minus 22 degrees F .

g.  Shall be thermally protected to prevent overhea ting.

h.  Shall be UL listed and RoHS compliant.

2.2.3.1.2   Magnetic HID and LPS Ballasts

ANSI C82.4 .  Pulse-start constant wattage autotransformer (CW A) type shall 
be used when available.  Probe-start constant watta ge autotransformer 
(CWA), high reactance/high power factor (HX-HPF) or  regulator type shall be 
used for metal halide light sources when pulse-star t is not available, and 
for high and low pressure sodium light sources.  Ba llasts shall meet the 
following requirements:

a.  Shall have minimum Class "H" insulation rating.

b.  Shall be designed for 60,000 hours of operation  at maximum rated 
temperature.

c.  Shall have minimum starting temperature for hig h and low pressure 
sodium shall be  minus 40 degrees F , and for metal halide  minus 22 
degrees F .

d.  Nominal ballast factor shall be 1.0.

e.  Capacitors shall have a self-contained bleeder resistor as required by 
UL 1029 .

f.  Oil-filled capacitors shall be housed in an alu minum or 
corrosion-resistant steel can and be provided with  0.25 in  quick 
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disconnect terminals.

g.  Capacitor maximum case temperature shall be  194 degrees F  for 
oil-filled and  221 degrees F  for dry film type.

h.  Starter/igniter shall provide six months of lig ht source open circuit 
operation without failure and be designed to withst and 10,000 hours of 
continuous pulsing (not applicable for LPS).

][ 2.2.3.2   Fluorescent Ballasts

UL 935 , NEMA ANSLG C82.11 , NFPA 70  and CEC Title 24 , with no magnetic core 
and coil components, and shall meet the following r equirements:

a.  Shall provide transient protection as recommend ed by IEEE C62.41.1  and 
IEEE C62.41.2 .

b.  Shall be programmed-start or instant-start type  as indicated in 
luminaire schedule on project drawings elsewhere in  this specification.

c.  Shall be UL listed Class P, have a Class A soun d rating, and have a 
minimum power factor of 0.98.

d.  Shall be designed for the wattage and quantity of light sources powered 
in the luminaire specified, and have circuit diagra ms and lamp 
connection information printed on the exterior of t he ballast housing.

e.  Shall contain no PCBs and be RoHS compliant.

f.  Shall be manufactured in an ISO 9001-certified facility.

g.  Shall operate at a frequency greater than 20 kH z minimum, preferably 
greater than 40 kHz, and shall have a Lamp Current Crest Factor less 
than 1.7.

h.  Shall have a light regulation of plus or minus 10 percent of lumen 
output when operated within a plus or minus 10 perc ent range of input 
voltage.

i.  Shall have a full replacement warranty of 5 yea rs from date of 
manufacture for a maximum case temperature of  158 degrees F  and 3 years 
for a maximum case temperature of  194 degrees F .

j.  All ballasts provided to operate  48 in  T8 light sources shall be NEMA 
Premium type.

2.2.3.2.1   T5HO Electronic Fluorescent Ballasts

Shall be programmed-start type with nominal ballast  factor of 1.0, maximum 
input current THD of 10 percent, lamp end of life p rotection circuitry, and 
have a minimum starting temperature of  0 degree F .

Ballast efficacy factor (BEF), rated at 120 volts s hall be:

[ Minimum 3.66 for one 24W light source.
][ Minimum 1.83 for two 24W light sources.
][ Minimum 2.23 for one 39W light source.
][ Minimum 1.11 for two 39W light sources.
][ Minimum 1.62 for one 54W light source.
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][ Minimum 0.83 for two 54W light sources.
][ Minimum 0.57 for three 54W light sources.
][ Minimum 0.42 for four 54W light sources.
]

Input power shall be:

[ Maximum 30 watts for one 24W light source.
][ Maximum 59 watts for two 24W light sources.
][ Maximum 47 watts for one 39W light source.
][ Maximum 90 watts for two 39W light sources.
][ Maximum 63 watts for one 54W light source.
][ Maximum 120 watts for two 54W light sources.
][ Maximum 184 watts for three 54W light sources.
][ Maximum 240 watts for four 54W light sources.
]

2.2.3.2.2   T8 Electronic Fluorescent Ballasts

Shall be[ programmed-start][ instant-start] type, w ith minimum ballast 
factor of 0.87, maximum current THD of 10 percent, and have a minimum 
starting temperature of  0 degrees F .

[ For programmed-start ballasts:

Ballast efficacy factor (BEF), rated at 120 volts s hall be:

[ Minimum 2.9 for one 32 W,  48 in  light source (NEMA Premium).
][ Minimum 1.49 for two 32 W,  48 in  light sources (NEMA Premium).
][ Minimum 1.03 for three 32 W,  48 in  light sources (NEMA Premium).
][ Minimum 0.8 for four 32 W,  48 in  light sources (NEMA Premium).

] Input power shall be:

[ Maximum 35 watts for one 32 W,  48 in  light source (NEMA Premium).
][ Maximum 59 watts for two 32 W,  48 in  light sources (NEMA Premium).
][ Maximum 85 watts for three 32 W,  48 in  light sources (NEMA 

Premium).
][ Maximum 112 watts for four 32 W,  48 in  light sources (NEMA 

Premium).

]][ For instant-start ballasts:

Ballast efficacy factor (BEF), rated at 120 volts s hall be:

[ Minimum 2.9 for one 32 W,  48 in  light source (NEMA Premium).
][ Minimum 1.49 for two 32 W,  48 in  light sources (NEMA Premium).
][ Minimum 1.03 for three 32 W,  48 in  light sources (NEMA Premium).
][ Minimum 0.8 for four 32 W,  48 in  light sources (NEMA Premium).
][ Minimum 1.36 for one 59 W,  96 in  light source.
][ Minimum 0.77 for two 59 W,  96 in  light sources.

] Input power shall be:

[ Maximum 35 watts for one 32 W,  48 in  light source (NEMA Premium).
][ Maximum 59 watts for two 32 W,  48 in  light sources (NEMA Premium).
][ Maximum 85 watts for three 32 W,  48 in  light sources (NEMA 

Premium).
][ Maximum 112 watts for four 32 W,  48 in  light sources (NEMA 
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Premium).
][ Maximum 72 watts for one 59 W,  96 in  light source.
][ Maximum 113 watts for two 59 W,  96 in  light sources.
]] 2.2.3.2.3   Compact Fluorescent (CFL) Electronic Ballasts

Shall be programmed start type with ballast factor greater than or equal to 
0.98, maximum input current THD of 10 percent, lamp  end of life protection 
circuitry, and have a minimum starting temperature of  0 degrees F  for 
primary light source(s).

The ballast efficacy factor rated at 120 volts shal l be:

[ Minimum 3.64 for one 26W CFL light source.
][ Minimum 2.72 for one 32W CFL light source.
][ Minimum 2.13 for one 42W CFL light source.
][ Minimum 1.56 for one 57W CFL light source.
][ Minimum 1.28 for one 70W CFL light source.
]

The input power shall be:

[ Maximum 29 watts for one 26W CFL light source.
][ Maximum 36 watts for one 32W CFL light source.
][ Maximum 46 watts for one 42W CFL light source.
][ Maximum 59 watts for one 57W CFL light source.
][ Maximum 75 watt for one 70W CFL light source.
]

][ 2.2.3.3   Induction Generators

Generator shall be connected to, and operate in con junction with, an 
inductive power coupler or coil(s).  These in turn activate a glass light 
source enclosure from either inside or outside of t he enclosure. The 
generator shall be solid-state, high-frequency (200 kHz - 2.67MHz) type, 
with a power factor greater than 0.9, a Class A sou nd rating, a maximum 
input current THD of 15 percent, an operating volta ge of 120-277V and a 
minimum starting temperature of  minus 40 degrees F . Generator shall be 
dimmable to 50 percent of lumen output and be UL, C SA, and RoHS compliant.

][ 2.2.3.1   LED Power Supply Units (Drivers)

UL 1310 .  LED Power Supply Units (Drivers) shall meet the following 
requirements:

a.  Minimum efficiency shall be 85 percent.

b.  Drive current to each individual LED shall not exceed 600 mA, plus or 
minus 10 percent.

c.  Shall be rated to operate between ambient tempe ratures of  minus 22 
degrees F  and  104 degrees F [  122 degrees F ] .

d.  Shall be designed to operate on the voltage sys tem to which they are 
connected, typically ranging from 120 V to 480 V no minal.

e.  Operating frequency shall be: 50 or 60 Hz.

f.  Power Factor (PF) shall be greater than or equa l to 0.90.

SECTION 26 56 00  Page 17



HAFB B591 Renovation HAFBB591FACILITY

g.  Total Harmonic Distortion (THD) current shall b e less than or equal to 
20 percent.

h.  Shall meet requirements of 47 CFR 15 , Class B.

i.  Shall be RoHS-compliant.

j.  Shall be mounted integral to luminaire. Remote mounting of power supply 
is not allowed.

k.  Power supplies in luminaires mounted under a co vered structure, such as 
a canopy, or where otherwise appropriate shall be U L listed with a 
sound rating of A.

[ l.  Shall be dimmable, and compatible with a standa rd dimming control 
circuit of 0 - 10V or other approved dimming system .

] m.  Shall be equipped with over-temperature protect ion circuit that turns 
light source off until normal operating temperature  is achieved.

] 2.2.4   LED Luminaire Surge Protection

Provide surge protection integral to luminaire to m eet C Low waveforms as 
defined by IEEE C62.41.2 , Scenario 1, Location Category C.

[ 2.3   OBSTRUCTION MARKER LUMINAIRES

Provide obstruction marker luminaires for facilitie s as required by the FAA 
and in accordance with [ Section 26 56 20.00 10  AIRFIELD AND HELIPORT 
LIGHTING AND VISUAL NAVIGATION AIDS] [Section 26 54 21.00 10 HELIPAD 
LIGHTING AND VISUAL NAVIGATION AIDS][ Section 34 43 00.00 20  AIRFIELD 
LIGHTING].

] 2.3   EXTERIOR LUMINAIRE CONTROLS

Controls shall comply with [  Section 9 of. [   Provide a control system 
interface within each luminaire that is compatible with the energy 
management or control system used by the utility de partment in charge of 
the project area for control of site lighting. ]

[ 2.3.1   Photocell

UL 773  or UL 773A .  Photocells shall be hermetically sealed, [  cadmium 
sulfide ][ silicon diode]  light sensor type, rated at 600 [_____]  watts, 120
[_____]  volts, 50/60 Hz with single-pole, [ single ][double] -throw contacts.  
Photocell shall be designed to fail to the ON posit ion.  Housing shall be 
constructed of [ polycarbonate ]  [die cast aluminum] [UV stabilized 
polypropylene] , rated to operate within a temperature range of  minus 40 to 
158 degrees F . [  Photocell shall have a  1/2 in  threaded base for mounting 
to a junction box or conduit.  Provide[ fixed][ swi vel] base type 
housing.][ Photocell shall be twist-lock receptacle  type conforming to 
NEMA C136.10 .  Provide with solid brass prongs and voltage mark ings and 
color coding on exterior of housing.]   Photocell shall turn on at  1-3 
footcandles  and turn off at  3 to 15 footcandles .  A time delay shall 
prevent accidental switching from transient light s ources. [  Provide a 
directional lens in front of the cell to prevent fi xed light sources from 
creating a turnoff condition.][ Provide photocell w ith metal oxide varistor 
(MOV) type surge protection.]
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][ 2.3.2   Timeswitch

[Timeswitch shall be electromechanical type with a [24 hour] [7 day] 
[astronomic] dial [that changes on/off settings acc ording to seasonal 
variations of sunset and sunrise]. Switch shall be powered by an enclosed 
synchronous motor with a maximum 3 watt operating r ating.  Timeswitch 
contacts shall be rated for [40] [_____] amps at 12 0-277 VAC resistive load 
in a [SPST][DPST][SPDT][DPST][ normally open (NO)][  normally closed (NC)] 
configuration.  Switch shall have an automatic spri ng mechanism to maintain 
accurate time for up to 16 hours during a power fai lure.[  Provide switch 
with function that allows automatic control to be s kipped on certain 
selected days of the week.][ Provide switch with ma nual bypass or remote 
override control.]]

[Timeswitch shall be an electronic type with a[ 24 hour][ 7 day] 
[astronomic] programming function [that changes on/ off settings according 
to seasonal variations of sunset and sunrise], prov iding a total of 
[56][_____] on/off set points.  Digital clock displ ay format shall be[ 
AM/PM 12 hour][24 hour] type.  Provide power outage  backup for switch 
utilizing a[ capacitor][ alkaline batteries][ lithi um battery] which 
provides coverage for a minimum of [7 days][3 years ][8 years].  Timeswitch 
shall provide control to [1][2][4][_____] channels or loads.  Contacts 
shall be rated for [30] [_____] amps at 120-277 VAC  resistive load in a 
[SPST][DPST][SPDT][DPST] [normally open (NO)][norma lly closed (NC)] 
configuration.  [Provide switch with [function that  allows automatic 
control to be skipped on certain selected days of t he week][manual bypass 
or remote override control][daylight savings time a utomatic 
adjustment][EEPROM memory module][momentary functio n for output 
contacts][ability for photosensor input]].]

Timeswitch shall be housed in a surface-mounted, lo ckable NEMA [1][3R] 
enclosure constructed of painted steel or plastic p olymer conforming to 
NEMA ICS 6 .

] [ 2.3.3   Lighting Contactor

NEMA ICS 2 .  Provide a [mechanically][electrically]-held ligh ting contactor 
[housed in a NEMA [1][3R][4][_____] enclosure confo rming to NEMA ICS 6].  
Contactor shall have [2][4][6][_____] poles, config ured as [normally open 
(NO)][normally closed (NC)].  Contacts shall be rat ed [600] [_____] volts, 
[30][_____] amperes for a resistive load.  Coil ope rating voltage shall be 
[24][120][277][_____] volts.  Contactor shall have silver cadmium oxide 
double-break contacts [and coil clearing contacts f or mechanically held 
contactors] and shall require no arcing contacts.  [Provide contactor with 
hand-off-automatic [on-off] selector switch.]  [Pro vide contactor as 
specified above along with [disconnect switch][circ uit breaker] in integral 
NEMA [1][3R][_____] enclosure with flange-mounted h andle to satisfy 
requirement for a "combination lighting contactor" when specified.]

] [ 2.3.4   Lighting Control Relay Panel

Panel shall consist of a single NEMA [1][3R] [flush ][surface]-mounted 
enclosure with two separate interior sections; one for Class 1 (branch 
circuit) and one for Class 2 (low voltage) wiring.  Provide panel with 
[8][16][32][_____] relays.  Panel shall be designed  as [a stand alone][an 
automated control system interface] type.  The Clas s 1 section shall 
contain the load side of all relays and the incomin g branch circuit 
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wiring.  The Class 2 section shall contain the cont rol power transformer 
(24 volt output), relays, relay control modules, an d control wiring[, and 
native BACnet[LONworks] field-programmable applicat ion controller for 
panels connected to the facility automated control system].  Panel 
enclosure shall be constructed of [16][14] gauge co ld-rolled steel with 
baked-on enamel finish.  Panel shall meet requireme nts of UL 916 ,   
ASHRAE 90.1 - IP , CEC Title 24  and 47 CFR 15 .

Relays shall be [1][2]-pole, rated at 20 amperes [3 00][480] VAC with rated 
life of 120,000 mechanical operations minimum.

Relay control module shall be 24 volt, electronic t ype and control up to 16 
separate relays (16 channel) or programmed groups o f relays.  Provide with 
inputs for signals from devices such as photocells,  timeclocks, and motion 
sensors.  [Relay control module with integral timec lock function shall be 
24 volt, electronic type with LCD display and contr ol up to 8 separate 
relays (8 channel)].

] [ 2.3.2   Motion Sensor

NEMA WD 7, UL 773A .  Provide [ passive infrared ][microwave] [dual technology 
passive infrared/microwave]  type sensors with [ 270 ][_____]  degree coverage, 
time delay that can be adjusted from 15 seconds to 15 minutes, and "fail to 
ON position" default state.  Sensors shall be locat ed to achieve coverage 
of areas as indicated on project plans.  Coverage p atterns shall be derated 
as recommended by manufacturer based on mounting he ight of sensor and any 
obstructions such as trees.  Do not use gross rated  coverage in 
manufacturer's product literature.  Sensors install ed integral to the 
luminaire must be provided by the luminaire manufac turer.  Sensors shall 
have an integral light level sensor that does not a llow luminaires to 
operate during daylight hours and shall be designed  to operate on a voltage 
of [ 120/277 VAC ][24 VDC] .  [ Provide sensors to operate in conjunction with 
bi-level controllers that lower HID or LED luminaires to a 50 percent 
output. ]   Sensor shall be [equipped with a threaded base for mounting to a 
weatherproof junction box] [ mounted directly to luminaire ] .

] [ 2.3.3   Bi-level HID Controller

UL 1598 .  Provide device to switch full lumen output of HI D luminaires to 
50 percent output upon receiving 24 VDC signal from  motion sensor, 
photocell or control system circuit.  Device shall be compatible with 
constant wattage autotransformer (CWA) ballasts onl y and have maximum load 
rating of 1000 watts.  Provide controller in a weat herproof housing and 
mount adjacent to luminaire on pole or luminaire mo unting structure.  
Controller requires separate bi-level capacitor[, s upplied with 
luminaire][, supplied with controller] to operate.

] [ 2.4   POLES

Provide poles designed for wind loading of  [ 100 ][_____]  miles per hour  
determined in accordance with AASHTO LTS while supporting luminaires and 
all other appurtenances indicated.   The effective projected areas of 
luminaires and appurtenances used in calculations s hall be specific for the 
actual products provided on each pole.  Poles shall  be [ embedded] [  anchor ]
-base type designed for use with [  underground ][ overhead]  supply conductors.
[   Poles [ , other than wood poles, ]  shall have oval-shaped handhole having a 
minimum clear opening of  2.5 by 5 inches .  Handhole cover shall be secured 
by stainless steel captive screws. ][  Metal poles shall have an internal 
grounding connection accessible from the handhole n ear the bottom of each 
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pole.]  Scratched, stained, chipped, or dented poles shall  not be installed.

[ 2.4.1   Concrete Poles

Provide concrete poles conforming to ASTM C1089.  Cross-sectional shape 
shall be [  round ][ or] [ multi-sided] .

2.4.1.1   Steel Reinforcing

Prestressed concrete pole shafts shall be reinforce d with steel 
prestressing members.  Design shall provide interna l longitudinal loading 
by either pretensioning or post tensioning of longi tudinal reinforcing 
members.

2.4.1.2   Tensioned Reinforcing

Primary reinforcement steel used for a prestressed concrete pole shaft 
shall be tensioned between 60 to 70 percent of its ultimate strength.  The 
amount of reinforcement shall be such that when rei nforcement is tensioned 
to 70 percent of its ultimate strength, the total r esultant tensile force 
does not exceed the minimum section compressive str ength of the concrete.

2.4.1.3   Coating and Sleeves for Reinforcing Members

Where minimum internal coverage cannot be maintaine d next to required core 
openings, such as handhole and wiring inlet, reinfo rcing shall be protected 
with a vaporproof noncorrosive sleeve over the leng th without the  1/2 inch  
concrete coverage.  Each steel reinforcing member w hich is to be 
post-tensioned shall have a nonmigrating slipper co ating applied prior to 
the addition of concrete to ensure uniformity of st ress throughout the 
length of such member.

2.4.1.4   Strength Requirement

As an exception to the requirements of ASTM C1089, poles shall be naturally 
cured to achieve a 28-day compressive strength of  7000 psi .  Poles shall 
not be subjected to severe temperature changes duri ng the curing period.

2.4.1.5   Shaft Preparation

Completed prestressed concrete pole shaft shall hav e a hard, smooth, 
nonporous surface that is resistant to soil acids, road salts, and attacks 
of water and frost, and shall be clean, smooth, and  free of surface voids 
and internal honeycombing.  Poles shall not be inst alled for at least 15 
days after manufacture.

][ 2.4.2   Aluminum Poles

Provide aluminum poles manufactured of corrosion re sistant aluminum alloys 
conforming to AASHTO LTS for Alloy 6063-T6 or Alloy 6005-T5 for wrought 
alloys and Alloy 356-T4 (3,5) for cast alloys.  Pol es shall be seamless 
extruded or spun seamless type with minimum  0.188 inch  wall thickness.  
Provide a pole grounding connection designed to pre vent electrolysis when 
used with copper ground wire.  Tops of shafts shall  be fitted with a round 
or tapered cover.  Base shall be anchor bolt mounte d, made of cast 356-T6 
aluminum alloy in accordance with ASTM B108/B108M  and shall be machined to 
receive the lower end of shaft.  Joint between shaf t and base shall be 
welded.  Base cover shall be cast 356-T6 aluminum a lloy in accordance with 
ASTM B108/B108M .  Hardware, except anchor bolts, shall be either 2 024-T4 
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anodized aluminum alloy or stainless steel. [   Aluminum poles and brackets 
for [ walkway ][ _____ parking areas ]  lighting shall have a [  uniform satin ][ 
dark anodic bronze] [_____]  bronze anodized finish to match fixtures and 
shall not be painted. ]   Manufacturer's standard provision shall be made f or 
protecting the finish during shipment and installat ion.  Minimum protection 
shall consist of spirally wrapping each pole shaft with protective paper 
secured with tape, and shipping small parts in boxe s.

][ 2.4.3   Steel Poles

AASHTO LTS.  Provide steel poles having minimum 11-gage steel  with minimum 
yield/strength of  48,000 psi  and [  hot-dipped galvanized in accordance with 
ASTM A123/A123M ][ iron-oxide primed]  factory finish.  Provide a pole 
grounding connection designed to prevent electrolys is when used with copper 
ground wire.  Pole shall be [ direct set] [  anchor bolt mounted ]  type.  Poles 
shall have tapered tubular members, either round in  cross section or 
polygonal. [   Pole shafts shall be one piece.  Poles shall be w elded 
construction with no bolts, rivets, or other means of fastening except as 
specifically approved. ]   Pole markings shall be approximately  3 to 4 feet  
above grade and shall include manufacturer, year of  manufacture, top and 
bottom diameters, and length. [   Base covers for steel poles shall be 
structural quality hot-rolled carbon steel plate ha ving a minimum yield of  
36,000 psi . ]

][ 2.4.4   Wood Poles

ATIS ANSI O5.1  and RUS Bull 1728F-700  of[ Southern Yellow Pine][ Douglas 
Fir][_____].  Poles shall be gained, bored, and roo fed before treatment.  
Poles shall be treated full length with chromated c opper arsenate (CCA) or 
ammoniacal copper arsenate (ACA) according to AWPA U1 as referenced in 
RUS Bull 1728F-700 .  Poles shall be branded by manufacturer with 
manufacturer's mark and date of treatment, height a nd class of pole, wood 
species, preservation code, and retention.  Place t he brand so that the 
bottom of the brand or disc is  10 feet  from the pole butt for poles up to  
50 feet  long[ and  14 feet  from the butt for poles over  50 feet  long].

] [ 2.4.5   Fiberglass Poles

NEMA C136.20 .  Designed specifically for supporting luminaires and having 
factory-formed cable entrance and handhole.  Resin color shall be[ dark 
bronze][ as indicated][_____], and pigment shall pr ovide uniform coloration 
throughout entire wall thickness.  Finish surface s hall be pigmented 
polyurethane having a minimum dry film thickness of  1.5 mils .  Polyurethane 
may be omitted if the surface layer of the pole is inherently ultraviolet 
inhibited.  Minimum fiberglass content shall be 65 percent with resin and 
pigment comprising the other 35 percent material co ntent.

] ][ 2.5   BRACKETS AND SUPPORTS

ANSI C136.3 , ANSI C136.13 , and ANSI C136.21 , as applicable. Pole brackets 
shall be not less than  1 1/4 inch [  galvanized steel pipe ][ aluminum  bronze 
anodized ]  secured to pole.  Slip-fitter or pipe-threaded bra ckets may be 
used, but brackets shall be coordinated to luminair es provided, and 
brackets for use with one type of luminaire shall b e identical.  Brackets 
for pole-mounted street lights shall correctly posi tion luminaire no lower 
than mounting height indicated.  Mount brackets not  less than  24 feet  above 
street.  Special mountings or brackets shall be as indicated and shall be 
of metal which will not promote galvanic reaction w ith luminaire head.
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][ 2.6   POLE FOUNDATIONS

Anchor bolts shall be steel rod having a minimum yi eld strength of  50,000 
psi ; the top  12 inches  of the rod shall be galvanized in accordance with 
ASTM A153/A153M .  Concrete shall be as specified in [  Section 03 30 00  
CAST-IN-PLACE CONCRETE][ Section 03 30 00.00 10  CAST-IN-PLACE CONCRETE] .

] 2.7   EQUIPMENT IDENTIFICATION

2.7.1   Manufacturer's Nameplate

Each item of equipment shall have a nameplate beari ng the manufacturer's 
name, address, model number, and serial number secu rely affixed in a 
conspicuous place; the nameplate of the distributin g agent will not be 
acceptable.

2.7.2   Labels

Provide labeled luminaires in accordance with UL 1598  requirements.  
Luminaires shall be clearly marked for operation of  specific light sources 
and ballasts according to proper light source type.   The following light 
source characteristics shall be noted in the format  "Use Only _____":

[ a.  Light source tube diameter code (e.g. T-5, T-8) , tube quantity 
configuration (e.g. twin, quad, triple), base type (e.g. G24q-2, GX 24 
q-4), and nominal wattage for fluorescent and compa ct fluorescent 
luminaires.

][ b.  Light source type, wattage, bulb type (e.g. ED1 7, BD56) and coating 
(clear or coated) for HID luminaires.

][ c.  Start type (e.g. programmed-start, rapid-start,  instant-start) for 
fluorescent and compact fluorescent luminaires.

][ d.  ANSI ballast type (e.g. M98, M57) for HID lumin aires.

] e.  Correlated color temperature (CCT) and color re ndering index (CRI) for 
all luminaires.

Markings related to lamp type shall be clear and lo cated to be readily 
visible to service personnel, but unseen from norma l viewing angles when 
lamps are in place. [  Ballasts shall have clear markings indicating 
multi-level outputs and indicate proper terminals f or the various outputs.]

2.8   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied pai nting systems which 
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance 
test.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2 , NFPA 70 , and to the 
requirements specified herein.

SECTION 26 56 00  Page 23



HAFB B591 Renovation HAFBB591FACILITY

[ 3.1.1   Wood Poles

Pole holes shall be at least as large at the top as  at the bottom and shall 
be large enough to provide  4 inches  of clearance between the pole and the 
side of the hole.

a.   Setting depth:  Pole setting depths shall be a s follows:

Length of Pole (feet) Setting in Soil 
(feet)

20 5.0

25 5.5

30 5.5

35 6.0

40 6.0

45 6.5

50 7.0

55 7.5

60 8.0

b.  Soil setting:  "Setting in Soil" depths shall a pply where pole holes 
are in soil, sand, or gravel or any combination of these.[  At corners, 
dead ends and other points of extra strain, poles  40 feet  long or more 
shall be set  6 inches  deeper.]

c.  Setting on sloping ground:  On sloping ground, measure the depth of the 
hole from the low side of the hole.

d.  Backfill:  Tamp pole backfill for the full dept h of the hole and mound 
the excess fill around the pole.

][ 3.1.2   Concrete Poles

Install according to pole manufacturer's instructio ns.

][ 3.1.3   Fiberglass Poles

Install according to pole manufacturer's instructio ns.

][ 3.1.1   [ Aluminum ] [ Steel ]  Poles

Provide pole foundations with galvanized steel anch or bolts, threaded at 
the top end and bent  90 degrees  at the bottom end.  Provide ornamental 
covers to match pole and galvanized nuts and washer s for anchor bolts.  
Concrete for anchor bases, polyvinyl chloride (PVC)  conduit ells, and 
ground rods shall be as specified in Section 33 71 02  UNDERGROUND 
ELECTRICAL DISTRIBUTION.  Thoroughly compact backfi ll with compacting 
arranged to prevent pressure between conductor, jac ket, or sheath and the 
end of conduit ell.  Adjust poles as necessary to p rovide a permanent 
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vertical position with the bracket arm in proper po sition for luminaire 
location. [  After installation, paint exposed surfaces of st eel poles with 
two finish coats of[ exterior oil paint of a color as indicated][ aluminum 
paint].  Install according to pole manufacturer's i nstructions.  
Alterations to poles after fabrication will void ma nufacturer's warranty 
and shall not be allowed.]

] 3.1.2   Pole Setting

[ Depth shall be as indicated.  ][Poles in straight runs shall be in a 
straight line.  Dig holes large enough to permit th e proper use of tampers 
to the full depth of the hole.  Place backfill in t he hole in  6 inch  
maximum layers and thoroughly tamp.  Place surplus earth around the pole in 
a conical shape and pack tightly to drain water awa y.]

[ 3.1.3   Photocell Switch Aiming

Aim switch according to manufacturer's recommendati ons. [   Mount switch on 
or beside each luminaire when switch is provided in  cast weatherproof 
aluminum housing with swivel arm. ][ Set adjustable window slide for  [_____] 
footcandles  photocell turn-on.]

] 3.1.4   GROUNDING

Ground noncurrent-carrying parts of equipment inclu ding [ metal poles,]  
luminaires, mounting arms, brackets, and metallic e nclosures as specified 
in Section 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION.  Where copper  
grounding conductor is connected to a metal other t han copper, provide 
specially treated or lined connectors suitable for this purpose.

3.1.5   FIELD APPLIED PAINTING

Paint electrical equipment as required to match fin ish of adjacent surfaces 
or to meet the indicated or specified safety criter ia.  Painting shall be 
as specified in Section 09 90 00  PAINTS AND COATINGS.

3.2   FIELD QUALITY CONTROL

Upon completion of installation, verify that equipm ent is properly 
installed, connected, and adjusted.  Conduct an operating test  after 100 
hours of burn-in time to show that the equipment op erates in accordance 
with the requirements of this section.

        -- End of Section --
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SECTION 27 10 00

BUILDING TELECOMMUNICATIONS CABLING SYSTEM
08/11

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D709 (2013) Laminated Thermosetting Materials

ELECTRONIC COMPONENTS INDUSTRY ASSOCIATION (ECIA)

ECIA EIA/ECA 310-E (2005) Cabinets, Racks, Panels, and 
Associated Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS ( IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-83-596 (2011) Indoor Optical Fiber Cables

ICEA S-90-661 (2012) Category 3, 5, & 5e Individually 
Unshielded Twisted Pair Indoor Cables for 
Use in General Purpose and LAN 
Communications Wiring Systems Technical 
Requirements

NATIONAL ELECTRICAL CONTRACTORS ASSOCIATION (NECA)

NECA/BICSI 568 (2006) Standard for Installing Building 
Telecommunications Cabling

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI/NEMA WC 66 (2013) Performance Standard for Category 6 
and Category 7 100 Ohm Shielded and 
Unshielded Twisted Pairs

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017 (2014; AMD 1 2013; Errata 1 2013; AMD 
2 2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014)  National 
Electrical Code

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-1152 (2009) Requirements for Field Test 
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Instruments and Measurements for Balanced 
Twisted-Pair Cabling

TIA-455-21 (1988a; R 2012) FOTP-21 - Mating 
Durability of Fiber Optic Interconnecting 
Devices

TIA-526-14 (2015c) OFSTP-14A Optical Power Loss 
Measurements of Installed Multimode Fiber 
Cable Plant

TIA-526-7 (2015a) OFSTP-7 Measurement of Optical 
Power Loss of Installed Single-Mode Fiber 
Cable Plant

TIA-568-C.0 (2009; Add 1 2010; Add 2 2012) Generic 
Telecommunications Cabling for Customer 
Premises

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Commercial 
Building Telecommunications Cabling 
Standard

TIA-568-C.2 (2009; Errata 2010) Balanced Twisted-Pair 
Telecommunications Cabling and Components 
Standards

TIA-568-C.3 (2008; Add 1 2011) Optical Fiber Cabling 
Components Standard

TIA-569 (2015d) Commercial Building Standard for 
Telecommunications Pathways and Spaces

TIA-606 (2012b; Add 1 2015) Administration 
Standard for the Telecommunications 
Infrastructure

TIA-607 (2011b) Generic Telecommunications Bonding 
and Grounding (Earthing) for Customer 
Premises

TIA/EIA-598 (2014d) Optical Fiber Cable Color Coding

TIA/EIA-604-3 (2004b; R 2014) Fiber Optic Connector 
Intermateability Standard (FOCIS), Type SC 
and SC-APC, FOCIS-3

U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)

FCC Part 68 Connection of Terminal Equipment to the 
Telephone Network (47 CFR 68)

UNDERWRITERS LABORATORIES (UL)

UL 1286 (2008; Reprint Feb 2015) Office Furnishings

UL 1666 (2007; Reprint Jun 2012) Test for Flame 
Propagation Height of Electrical and 
Optical-Fiber Cables Installed Vertically 
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in Shafts

UL 1863 (2004; Reprint Nov 2012) Communication 
Circuit Accessories

UL 444 (2008; Reprint Apr 2015) Communications 
Cables

UL 467 (2007) Grounding and Bonding Equipment

UL 50 (2007; Reprint Apr 2012) Enclosures for 
Electrical Equipment, Non-environmental 
Considerations

UL 514C (2014; Reprint Dec 2014) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 969 (1995; Reprint Sep 2014) Standard for 
Marking and Labeling Systems

UFC 3-580-1
Hill AFB Tab K

1.2   RELATED REQUIREMENTS

Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM and Section 33 82 00  
TELECOMMUNICATIONS, OUTSIDE PLANT (OSP), apply to t his section with 
additions and modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical  and electronics terms 
used in this specification shall be as defined in TIA-568-C.1 , TIA-568-C.2 , 
TIA-568-C.3 , TIA-569 , TIA-606  and IEEE 100  and herein.

1.3.1   Campus Distributor (CD)

A distributor from which the campus backbone cablin g emanates. 
(International expression for main cross-connect (M C).)

1.3.2   Building Distributor (BD)

A distributor in which the building backbone cables  terminate and at which 
connections to the campus backbone cables may be ma de.  (International 
expression for intermediate cross-connect (IC).)

1.3.3   Floor Distributor (FD)

A distributor used to connect horizontal cable and cabling subsystems or 
equipment.  (International expression for horizonta l cross-connect (HC).)

1.3.4   Telecommunications Room (TR)

An enclosed space for housing telecommunications eq uipment, cable, 
terminations, and cross-connects.  The room is the recognized cross-connect 
between the backbone cable and the horizontal cabli ng.
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1.3.5   Entrance Facility (EF) (Telecommunications)

An entrance to the building for both private and pu blic network service 
cables (including wireless) including the entrance point at the building 
wall and continuing to the equipment room.

1.3.6   Equipment Room (ER) (Telecommunications)

An environmentally controlled  centralized space fo r telecommunications 
equipment that serves the occupants of a building.  Equipment housed 
therein is considered distinct from a telecommunica tions room because of 
the nature of its complexity.

1.3.7   Open Cable

Cabling that is not run in a raceway as defined by NFPA 70 .  This refers to 
cabling that is "open" to the space in which the ca ble has been installed 
and is therefore exposed to the environmental condi tions associated with 
that space.

1.3.8   Open Office

A floor space division provided by furniture, movea ble partitions, or other 
means instead of by building walls.

1.3.9   Pathway

A physical infrastructure utilized for the placemen t and routing of 
telecommunications cable.

1.4   SYSTEM DESCRIPTION

The building telecommunications cabling and pathway  system shall include 
permanently installed backbone and horizontal cabli ng, horizontal and 
backbone pathways, service entrance facilities, wor k area pathways, 
telecommunications outlet assemblies, conduit, race way, and hardware for 
splicing, terminating, and interconnecting cabling necessary to transport 
telephone and data (including LAN) between equipmen t items in a building.   
The horizontal system shall be wired in a star topo logy from the 
telecommunications work area to the floor distribut or or campus distributor 
at the center or hub of the star.  The backbone cab ling and pathway system 
includes intrabuilding and interbuilding interconne cting cabling, pathway, 
and terminal hardware.  The intrabuilding backbone provides connectivity 
from the floor distributors to the building distrib utors or to the campus 
distributor and from the building distributors to t he campus distributor as 
required.  The backbone system shall be wired in a star topology with the 
campus distributor at the center or hub of the star . [   The interbuilding 
backbone system provides connectivity between the c ampus distributors and 
is specified in Section 33 82 00  TELECOMMUNICATIONS OUTSIDE PLANT (OSP). ]   
Provide telecommunications pathway systems referenc ed herein as specified 
in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM. [  The telecommunications 
contractor must coordinate with the NMCI/COSC/NGEN contractor concerning 
access to and configuration of telecommunications s paces.  The 
telecommunications contractor may be required to co ordinate work effort 
within the telecommunications spaces with the NMCI/ COSC/NGEN contractor.]

1.5   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
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submittals not having a "G" designation are [for Contractor Quality Control 
approval.] [ for information only.  When used, a designation fol lowing the 
"G" designation identifies the office that will rev iew the submittal for 
the Government. ]   Submittals with an "S" are for inclusion in the 
Sustainability Notebook, in conformance to Section 01 33 29  SUSTAINABILITY 
REPORTING.  Submit the following in accordance with  Section 01 33 00  
SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Telecommunications drawings ; G

Telecommunications Space Drawings ; G

In addition to Section 01 33 00  SUBMITTAL PROCEDURES, provide shop 
drawings in accordance with paragraph SHOP DRAWINGS .

SD-03 Product Data

Telecommunications cabling  (backbone and horizontal); G

Patch panels ; G

Telecommunications outlet/connector assemblies ; G

Equipment support frame ; G

 [ Connector blocks ; G]
 

[ Spare Parts ; G]

Submittals shall include the manufacturer's name, t rade name, 
place of manufacture, and catalog model or number.  Include 
performance and characteristic curves.  Submittals shall also 
include applicable federal, military, industry, and  technical 
society publication references.  Should manufacture r's data 
require supplemental information for clarification,  the 
supplemental information shall be submitted as spec ified in 
paragraph REGULATORY REQUIREMENTS and as required i n Section 
01 33 00  SUBMITTAL PROCEDURES.

SD-06 Test Reports

Telecommunications cabling testing ; G

  SD-07 Certificates

Telecommunications Contractor  Qualifications; G

Key Personnel  Qualifications; G

Manufacturer Qualifications ; G

Test plan ; G

SD-09 Manufacturer's Field Reports

Factory reel tests ; G
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SD-10 Operation and Maintenance Data

Telecommunications cabling and pathway system  Data Package 5; G

 SD-11 Closeout Submittals

Record Documentation ; G

1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

In exception to Section 01 33 00  SUBMITTAL PROCEDURES, submitted plan 
drawings shall be a minimum of  11 by 17 inches  in size using a minimum 
scale of  1/8 inch per foot [, except as specified otherwise] .  Include 
wiring diagrams and installation details of equipme nt indicating proposed 
location, layout and arrangement, control panels, a ccessories, piping, 
ductwork, and other items that must be shown to ens ure a coordinated 
installation.  Wiring diagrams shall identify circu it terminals and 
indicate the internal wiring for each item of equip ment and the 
interconnection between each item of equipment.  Dr awings shall indicate 
adequate clearance for operation, maintenance, and replacement of operating 
equipment devices.  Submittals shall include the na meplate data, size, and 
capacity.  Submittals shall also include applicable  federal, military, 
industry, and technical society publication referen ces.

1.6.1.1   Telecommunications Drawings

Provide [  registered communications distribution designer (R CDD) approved, ]  
drawings in accordance with TIA-606 .  The shop drawings shall be stamped and 
signed by the RCDD certifying compliance with the a pplicable EIA/TIA 
standards as required.   The identifier for each termination and cable sha ll 
appear on the drawings.  Drawings shall depict fina l telecommunications 
installed wiring system infrastructure in accordanc e with TIA-606 .  The 
drawings should provide details required to prove t hat the distribution 
system shall properly support connectivity from the  EF telecommunications 
and ER telecommunications, CD's [, BD's] , and FD's to the telecommunications 
work area outlets. [  Provide a plastic laminated schematic of the 
as-installed telecommunications cable system showin g cabling, CD's, BD's, 
FD's, and the EF and ER for telecommunications keye d to floor plans by room 
number.  Mount the laminated schematic in the EF te lecommunications space 
as directed by the Contracting Officer.]   The following drawings shall be 
provided as a minimum:

a.  T1 - Layout of complete building per floor - Bu ilding Area/Serving Zone 
Boundaries, Backbone Systems, and Horizontal Pathwa ys.  Layout of 
complete building per floor. The drawing indicates location of building 
areas, serving zones, vertical backbone diagrams, t elecommunications 
rooms, access points, pathways, grounding system, a nd other systems 
that need to be viewed from the complete building p erspective.

b.  T2 - Serving Zones/Building Area Drawings - Dro p Locations and Cable 
Identification (ID’S).  Shows a building area or se rving zone.  These 
drawings show drop locations, telecommunications ro oms, access points 
and detail call outs for common equipment rooms and  other congested 
areas.

c.  T4 - Typical Detail Drawings - Faceplate Labeli ng, Firestopping, 
Americans with Disabilities Act (ADA), Safety, Depa rtment of 
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Transportation (DOT).  Detailed drawings of symbols  and typicals such 
as faceplate labeling, faceplate types, faceplate p opulation 
installation procedures, detail racking, and racewa ys.

1.6.1.2   Telecommunications Space Drawings

Provide T3 drawings in accordance with TIA-606  that include 
telecommunications rooms plan views, pathway layout  (cable tray, racks, 
ladder-racks, etc.), mechanical/electrical layout, and [cabinet] [ , rack ][, 
backboard] [ and]  wall elevations.  Drawings shall show layout of ap plicable 
equipment including incoming cable stub or connecto r blocks, building 
protector assembly, outgoing cable connector blocks , patch panels and 
equipment spaces and cabinet/racks.  Drawings shall  include a complete list 
of equipment and material, equipment rack details, proposed layout and 
anchorage of equipment and appurtenances, and equip ment relationship to 
other parts of the work including clearance for mai ntenance and operation.  
Drawings may also be an enlargement of a congested area of T1 or T2 
drawings.

1.6.2   Telecommunications Qualifications

Work under this section shall be performed by and t he equipment shall be 
provided by the approved telecommunications contrac tor and key personnel.  
Qualifications shall be provided for:  the telecomm unications system 
contractor, the telecommunications system installer , and the supervisor (if 
different from the installer).  A minimum of 30 day s prior to installation, 
submit documentation of the experience of the telec ommunications contractor 
and of the key personnel.

1.6.2.1   Telecommunications Contractor

The telecommunications contractor shall be a firm w hich is regularly and 
professionally engaged in the business of the appli cations, installation, 
and testing of the specified telecommunications sys tems and equipment.  The 
telecommunications contractor shall demonstrate exp erience in providing 
successful telecommunications systems within the pa st 3 years of similar 
scope and size.  Submit documentation for a minimum  of three and a maximum 
of five successful telecommunication system install ations for the 
telecommunications contractor.

1.6.2.2   Key Personnel

Provide key personnel who are regularly and profess ionally engaged in the 
business of the application, installation and testi ng of the specified 
telecommunications systems and equipment.  There ma y be one key person or 
more key persons proposed for this solicitation dep ending upon how many of 
the key roles each has successfully provided.  Each  of the key personnel 
shall demonstrate experience in providing successfu l telecommunications 
systems within the past 3 years.

Supervisors and installers assigned to the installa tion of this system or 
any of its components shall be Building Industry Co nsulting Services 
International (BICSI) Registered Cabling Installers , Technician Level.  
Submit documentation of current BICSI certification  for each of the key 
personnel.

In lieu of BICSI certification, supervisors and ins tallers assigned to the 
installation of this system or any of its component s shall have a minimum 
of [ 3][_____]  years experience in the installation of the specif ied copper 
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and fiber optic cable and components.  They shall h ave factory or factory 
approved certification from each equipment manufact urer indicating that 
they are qualified to install and test the provided  products.  Submit 
documentation for a minimum of three and a maximum of five successful 
telecommunication system installations for each of the key personnel.  
Documentation for each key person shall include at least two successful 
system installations provided that are equivalent i n system size and in 
construction complexity to the telecommunications s ystem proposed for this 
solicitation.  Include specific experience in insta lling and testing 
telecommunications systems and provide the names an d locations of at least 
two project installations successfully completed us ing [ optical fiber and ]
copper telecommunications cabling systems.  All of the existing 
telecommunications system installations offered by the key persons as 
successful experience shall have been in successful  full-time service for 
at least 18 months prior to the issuance date for t his solicitation.  
Provide the name and role of the key person, the ti tle, location, and 
completed installation date of the referenced proje ct, the referenced 
project owner point of contact information includin g name, organization, 
title, and telephone number, and generally, the ref erenced project 
description including system size and construction complexity.

Indicate that all key persons are currently employe d by the 
telecommunications contractor, or have a commitment  to the 
telecommunications contractor to work on this proje ct.  All key persons 
shall be employed by the telecommunications contrac tor at the date of 
issuance of this solicitation, or if not, have a co mmitment to the 
telecommunications contractor to work on this proje ct by the date that the 
bid was due to the Contracting Officer.

Note that only the key personnel approved by the Co ntracting Officer in the 
successful proposal shall do work on this solicitat ion's telecommunications 
system.  Key personnel shall function in the same r oles in this contract, 
as they functioned in the offered successful experi ence.  Any substitutions 
for the telecommunications contractor's key personn el requires approval 
from The Contracting Officer.

1.6.2.3   Minimum Manufacturer Qualifications

Cabling, equipment and hardware manufacturers shall  have a minimum of [ 3]  
[_____] years experience in the manufacturing, assembly, an d factory 
testing of components which comply with TIA-568-C.1 , TIA-568-C.2  and 
TIA-568-C.3 .

1.6.3   Test Plan

Provide a complete and detailed test plan for the t elecommunications 
cabling system including a complete list of test eq uipment for the 
components and accessories for each cable type spec ified, [ 60][_____]  days 
prior to the proposed test date.  Include procedure s for certification, 
validation, and testing.

1.6.4   Regulatory Requirements

In each of the publications referred to herein, con sider the advisory 
provisions to be mandatory, as though the word, "sh all" had been 
substituted for "should" wherever it appears.  Inte rpret references in 
these publications to the "authority having jurisdi ction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordanc e with the mandatory and 
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advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.6.5   Standard Products

Provide materials and equipment that are products o f manufacturers 
regularly engaged in the production of such product s which are of equal 
material, design and workmanship.  Products shall h ave been in satisfactory 
commercial or industrial use for 2 years prior to b id opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product sha ll have been on sale on 
the commercial market through advertisements, manuf acturers' catalogs, or 
brochures during the 2-year period.  Where two or m ore items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the i tem need not be the 
products of the same manufacturer unless stated in this section.

1.6.5.1   Alternative Qualifications

Products having less than a 2-year field service re cord will be acceptable 
if a certified record of satisfactory field operati on for not less than 
6000 hours, exclusive of the manufacturers' factory  or laboratory tests, is 
furnished.

1.6.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 1 year prior to dat e of delivery to site 
shall not be used, unless specified otherwise.

1.7   DELIVERY AND STORAGE

Provide protection from weather, moisture, extreme heat and cold, dirt, 
dust, and other contaminants for telecommunications  cabling and equipment 
placed in storage.

1.8   ENVIRONMENTAL REQUIREMENTS

Connecting hardware shall be rated for operation un der ambient conditions of
 32 to 140 degrees F  and in the range of 0 to 95 percent relative humid ity, 
noncondensing.

1.9   WARRANTY

The equipment items shall be supported by service o rganizations which are 
reasonably convenient to the equipment installation  in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.10   MAINTENANCE

1.10.1   Operation and Maintenance Manuals

Commercial off the shelf manuals shall be furnished  for operation, 
installation, configuration, and maintenance of pro ducts provided as a part 
of the telecommunications cabling and pathway system , Data Package 5.  
Submit operations and maintenance data in accordanc e with Section 01 78 23  
OPERATION AND MAINTENANCE DATA and as specified her ein not later than [ 2]  
[_____] months prior to the date of beneficial occupancy.  In addition to 
requirements of Data Package 5, include the require ments of paragraphs 
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TELECOMMUNICATIONS DRAWINGS, TELECOMMUNICATIONS SPACE DRAWINGS, and RECORD 
DOCUMENTATION.  Ensure that these drawings and docu ments depict the 
as-built configuration. 

1.10.2   Record Documentation

Provide T5 drawings including documentation on cabl es and termination 
hardware in accordance with TIA-606 .  T5 drawings shall include schedules 
to show information for cut-overs and cable plant m anagement, patch panel 
layouts and cover plate assignments, cross-connect information and 
connecting terminal layout as a minimum.  T5 drawin gs shall be provided [  in 
hard copy format ][ on electronic media using Windows based computer  cable 
management software.] [  A licensed copy of the cable management software  
including documentation, shall be provided.]  Provide the following T5 
drawing documentation as a minimum:

a.  Cables - A record of installed cable shall be p rovided in accordance 
with TIA-606 .  The cable records shall [ include only the required data 
fields ][include the required data fields for each cable a nd complete 
end-to-end circuit report for each complete circuit  from the assigned 
outlet to the entry facility ] in accordance with TIA-606 .  Include 
manufacture date of cable with submittal.

b.  Termination Hardware - A record of installed pa tch panels, 
cross-connect points, distribution frames, terminat ing block 
arrangements and type, and outlets shall be provide d in accordance with 
TIA-606 .  Documentation shall include the required data fi elds [ as a 
minimum] [  only ]  in accordance with TIA-606 .

[ 1.10.3   Spare Parts

In addition to the requirements of Section 01 78 23  OPERATION AND 
MAINTENANCE DATA, provide a complete list of parts and supplies, with 
current unit prices and source of supply, and a lis t of spare parts 
recommended for stocking.

] PART 2   PRODUCTS

2.1   COMPONENTS

Components shall be UL or third party certified.  W here equipment or 
materials are specified to conform to industry and technical society 
reference standards of the organizations, submit pr oof of such compliance.  
The label or listing by the specified organization will be acceptable 
evidence of compliance.  In lieu of the label or li sting, submit a 
certificate from an independent testing organizatio n, competent to perform 
testing, and approved by the Contracting Officer.  The certificate shall 
state that the item has been tested in accordance w ith the specified 
organization's test methods and that the item compl ies with the specified 
organization's reference standard.  Provide a compl ete system of 
telecommunications cabling and pathway components u sing star topology.  
Provide support structures and pathways, complete w ith outlets, cables, 
connecting hardware and telecommunications cabinets /racks.  Cabling and 
interconnecting hardware and components for telecom munications systems 
shall be UL listed or third party independent testi ng laboratory certified, 
and shall comply with NFPA 70  and conform to the requirements specified 
herein.
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2.2   TELECOMMUNICATIONS PATHWAY

Provide telecommunications pathways in accordance w ith TIA-569  and as 
specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Provide system 
furniture pathways in accordance with UL 1286 .

2.3   TELECOMMUNICATIONS CABLING

Cabling shall be UL listed for the application and shall comply with 
TIA-568-C.0 , TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3  and NFPA 70 .  Provide a 
labeling system for cabling as required by TIA-606  and UL 969 .  Ship cable 
on reels or  in boxes bearing manufacture date for for unshielded twisted 
pair (UTP) in accordance with ICEA S-90-661 [  and optical fiber cables in 
accordance with ICEA S-83-596 ]  for all cable used on this project.  Cabling 
manufactured more than 12 months prior to date of i nstallation shall not be 
used.

[ 2.3.1   Backbone Cabling

[ 2.3.1.1   Backbone Copper

Copper backbone cable shall be solid conductor,  24  AWG, 100 ohm, 25[100] 
[_____] -pair, Category 3,  UTP, in accordance with ICEA S-90-661 , 
TIA-568-C.1 , TIA-568-C.2  and UL 444 , formed into 25 pair binder groups 
covered with a [  gray ][ ____]  thermoplastic jacket [ and overall metallic 
shield] .  Cable shall be imprinted with manufacturers name  or identifier, 
flammability rating, gauge of conductor, transmissi on performance rating 
(category designation) at regular length marking in tervals in accordance 
with ICEA S-90-661  .  Provide plenum (CMP), riser (CMR), or  general 
purpose (CM or CMG)communications rated cabling in accordance with NFPA 70 .  
Substitution of a higher rated cable shall be permi tted  in accordance with 
NFPA 70 .

] [ 2.3.1.2   Backbone Optical Fiber

Provide in accordance with ICEA S-83-596 , TIA-568-C.3 , UL 1666  and NFPA 70 .  
Cable shall be imprinted with fiber count, fiber ty pe and aggregate length 
at regular intervals not to exceed  40 inches .

Provide the number of strands indicated, (but not l ess than 12 strands 
between the main telecommunication room and each of  the other 
telecommunication rooms), of single-mode(OS1), tigh t buffered fiber optic 
cable.

[Provide tight buffered fiber optic multimode, [50/ 125-um diameter laser 
optimized(OM3)][50/125-um diameter(OM2)][62.5/125-u m diameter(OM1)] cable 
as indicated.]

Provide plenum (OFNP), riser (OFNR), or general pur pose (OFN or OFNG) rated 
non-conductive, fiber optic cable in accordance wit h NFPA 70 .  Substitution 
of a higher rated cable shall be permitted in accor dance with NFPA 70 . The 
cable cordage jacket, fiber, unit, and group color shall be in accordance 
with TIA/EIA-598 .

 Provide plenum (OFNP) riser (OFNR) , or general pur pose (OFN or OFNG) rated 
non-conductive, fiber optic cable in accordance wit h NFPA 70 .    
Substitution of a higher rated cable shall be permi tted in accordance with 
NFPA 70 .  The cable cordage jacket, fiber, unit, and group  color shall be 
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in accordance with TIA/EIA-598 .

] ] 2.3.2   Horizontal Cabling

Provide horizontal cable in compliance with NFPA 70  and performance 
characteristics in accordance with TIA-568-C.1 .

2.3.2.1   Horizontal Copper
 

Provide horizontal copper cable, UTP, 100 ohm in ac cordance with TIA-568-C.2 , 
UL 444 , ANSI/NEMA WC 66 , ICEA S-90-661  .  Provide four each individually 
twisted pair, minimum size 24 AWG conductors, Categ ory 6, with a [  blue ][ 
____]  thermoplastic jacket.  Cable shall be imprinted wi th manufacturers 
name or identifier, flammability rating, gauge of c onductor, transmission 
performance rating (category designation) and lengt h marking at regular 
intervals in accordance with ICEA S-90-661 .  Provide plenum (CMP), riser 
(CMR), or general purpose (CM or CMG) communication s rated cabling in 
accordance with NFPA 70 .  Substitution of a higher rated cable shall be 
permitted in accordance with NFPA 70 . Cables installed in conduit within 
and under slabs shall be UL listed and labeled for wet locations in 
accordance with NFPA 70 .   [Provide residential Category 6 cabling in 
accordance with TIA-570 .]

[ 2.3.2.2   Horizontal Optical Fiber

Provide optical fiber horizontal cable in accordanc e with ICEA S-83-596 and 
TIA-568-C.3 .  Cable shall be tight buffered, [multimode, 50/125-um diameter 
laser optimized, OM3] [, ] [multimode, 50/125-um diameter, OM2] [multimode, 
62.5.125-um diameter, OM1] [ single-mode, 8/125-um diameter, OS1 ] .  Cable 
shall be imprinted with manufacturer, flammability rating and fiber count 
at regular intervals not to exceed  40 inches .  

Provide plenum (OFNP), riser (OFNR), or general pur pose (OFN or OFNG) rated 
non-conductive, fiber optic cable in accordance wit h NFPA 70 .  Substitution 
of a higher rated cable shall be permitted in accor dance with NFPA 70 .Cables 
installed in conduit within and under slabs be UL l isted and labeled for 
wet locations in accordance with NFPA 70 .  The cable jacket shall be of 
single jacket construction  with color coding of co rdage jacket, fiber, 
unit, and group in accordance with TIA/EIA-598 .

 
] [ 2.3.3   Work Area Cabling

2.3.3.1   Work Area Copper

Provide work area copper cable in accordance with TIA-568-C.2 , with a[ 
blue,][ ____] thermoplastic jacket.

[ 2.3.3.2   Work Area Optical Fiber

Provide optical work area cable in accordance with TIA-568-C.3 .

] ] 2.4   TELECOMMUNICATIONS SPACES
 

Provide connecting hardware and termination equipme nt in the 
telecommunications entrance facility [  and telecommunication equipment room
[s] ]  to facilitate installation as shown on design draw ings for terminating 
and cross-connecting permanent cabling.  Provide te lecommunications 
interconnecting hardware color coding in accordance  with TIA-606 .
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2.4.1   Backboards

Provide void-free, interior gradeA-C plywood  3/4 inch  thick [ 4 by 8 feet] [
as indicated ] .  Backboards shall be fire rated by manufacturing process. 
Fire stamp shall be clearly visible.  [Paint applied over fire retardant 
backboard shall be UL 723  fire retardant paint.  Provide label including 
paint manufacturer, date painted, UL listing and na me of Installer. When 
painted, paint label and fire stamp shall be clearl y visible.] .  
Backboards shall be provided on a minimum of two ad jacentwalls in the 
telecommunication spaces.

[ 2.4.2   Equipment Support Frame

Provide in accordance with ECIA EIA/ECA 310-E  and UL 50 .

[a.  Bracket, wall mounted, 8 gauge aluminum.  Prov ide hinged bracket 
compatible with[  19 inches ][  23 inches ] panel mounting.]

[ b.  Racks, floor mounted modular type, [ 16 gauge steel ][ or ] [11 gauge 
aluminum]  construction, minimum, treated to resist corrosion .  Provide 
rack with vertical and horizontal cable management channels, top and 
bottom cable troughs, grounding lug [ and a surge protected power strip 
with 6 duplex 20 amp receptacles] .  Rack shall be compatible with [  19 
inches ][  23 inches ]  panel mounting. ]

[c.  Cabinets, freestanding modular type, [16 gauge  steel][ or ][11 gauge 
aluminum] construction , minimum, treated to resist  corrosion.  Cabinet 
shall have removable and lockable side panels, fron t and rear doors, 
and have adjustable feet for leveling.  Cabinet sha ll be vented in the 
roof and rear door.  Cabinet shall have cable acces s in the roof and 
base and be compatible with[  19 inches ][  23 inches ] panel mounting.  
Provide cabinet with grounding bar[,][ [rack][roof]  mounted  550 CFM  fan 
with filter ][ and][ a surge protected power strip with 6 duplex 20 amp 
receptacles].[  All cabinets shall be keyed alike.] ]

[d.  Cabinets, wall-mounted modular type, [16 gauge  steel][ or ][11 gauge 
aluminum] construction , minimum, treated to resist  corrosion.  Cabinet 
shall have have lockable front[ and rear] door[s], louvered side 
panels,[  250 CFM  [roof][rack] mounted fan,  ] ground lug, and top a nd 
bottom cable access.  Cabinet shall be compatible w ith[  19 inches ][  23 
inches ] panel mounting.[  All cabinets shall be keyed ali ke.][  A 
[duplex AC outlet][surge protected power strip with  6 duplex 20 amp 
receptacles] shall be provided within the cabinet.] ]

][ 2.4.3   Connector Blocks

Provide insulation displacement connector (IDC) Typ e 110 for Category 6 
systems.  Provide blocks for the number of horizont al and backbone cables 
terminated on the block plus 25 percent spare.

][ 2.4.4   Cable Guides

Provide cable guides specifically manufactured for the purpose of routing 
cables, wires and patch cords horizontally and vert ically on [  [ 19][23]  
inches  equipment [  racks ][ cabinets] ][ and ] [ telecommunications backboards] .  
Cable guides of ring or bracket type devices [  mounted on [ rack ][cabinet]  
panels ][backboard]  for horizontal cable management and individually m ounted 
for vertical cable management.  Mount cable guides with screws, [  and ][ or ]
nuts and lockwashers.
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][ 2.4.5   Patch Panels

Provide ports for the number of horizontal and back bone cables terminated 
on the panel plus [ 25][_____]  percent spare.  Provide pre-connectorized 
[optical fiber] [ and ] [ copper ]  patch cords for patch panels.  Provide patch 
cords, as complete assemblies, with matching connec tors as specified. [  
Provide fiber optic patch cables with crossover ori entation in accordance 
with TIA-568-C.3 ] .  Patch cords shall meet minimum performance requi rements 
specified in TIA-568-C.1 , TIA-568-C.2  [ and TIA-568-C.3 ]  for cables, cable 
length and hardware specified.

2.4.5.1   Modular to 110 Block Patch Panel

Provide in accordance with TIA-568-C.1  and TIA-568-C.2 .  Panels shall be 
third party verified[ and shall comply with EIA/TIA Category 6  
requirements].  Panel shall be constructed of  0.09 inches  minimum aluminum 
and shall be [cabinet][rack][wall] mounted and comp atible with an
ECIA EIA/ECA 310-E  [  19 inches ][  23 inches ] equipment[ cabinet][ rack].  
Panel shall provide [48][_____] non-keyed, 8-pin mo dular ports, wired to 
[T568A][T568B].  Patch panels shall terminate the b uilding cabling on Type 
110 IDCs and shall utilize a printed circuit board interface.  The rear of 
each panel shall have incoming cable strain-relief and routing guides.  
Panels shall have each port factory numbered and be  equipped with laminated 
plastic nameplates above each port.

[ 2.4.5.2   Fiber Optic Patch Panel

Provide panel for maintenance and cross-connecting of optical fiber 
cables.  Panel shall be constructed of [  [16] [ 18]  gauge steel ][ or] [ 11 
gauge aluminum]  minimum and shall be [cabinet] [ rack ][wall]  mounted and 
compatible with a ECIA EIA/ECA 310-E  19 inches ] [  23 inches ]  equipment 
rack.  Each panel shall provide [ 12][_____]  [multimode][ single-mode ] 
adapters as [  duplex LC in accordance with TIA/EIA-604-10  with zirconia 
ceramic alignment sleeves, ]  [ duplex SC in accordance with TIA/EIA-604-3  
with zirconia ceramic ][MT-RJ in accordance with TIA/EIA-604-12  with 
thermoplastic][ST in accordance with TIA/EIA-604-2  with metallic] alignment 
sleeves.  Provide dust cover for unused adapters.  The rear of each panel 
shall have a cable management tray a minimum of  8 inches  deep with 
removable cover, incoming cable strain-relief and r outing guides.  Panels 
shall have each adapter factory numbered and be equ ipped with laminated 
plastic nameplates above each adapter.

] ][ 2.4.6   Optical Fiber Distribution Panel 

[Cabinet][Rack][Wall] mounted optical fiber distrib ution panel (OFDP) shall 
be constructed in accordance with ECIA EIA/ECA 310-E  utilizing[ [16][18] 
gauge steel][ or][ 11 gauge aluminum] minimum.  Pan el shall be divided into 
two sections, distribution and user.  Distribution section shall have 
strain relief, routing guides, splice tray and shal l be lockable, user 
section shall have a cover for patch cord protectio n.  Each panel shall 
provide[ [12][_____] multimode][ and][ [12][_____] single-mode] pigtails 
and adapters.  Provide adapters as [ duplex LC with  zirconia ceramic] [ 
duplex SC with zirconia ceramic][ MT-RJ with thermo plastic][ ST with 
metallic] alignment sleeves.  Provide dust covers f or adapters.  Provide 
patch cords as specified in the paragraph PATCH PAN ELS.
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] 2.5   TELECOMMUNICATIONS OUTLET/CONNECTOR ASSEMBLIES

2.5.1   Outlet/Connector Copper

Outlet/connectors shall comply with FCC Part 68 , TIA-568-C.1 , and 
TIA-568-C.2 .  UTP outlet/connectors shall be UL 1863  listed, non-keyed, 
8-pin modular, constructed of high impact rated the rmoplastic housing and 
shall be third party verified [  and shall comply with TIA-568-C.2  Category 6 
requirements. ]   Outlet/connectors provided for UTP cabling shall meet or 
exceed the requirements for the cable provided.  Ou tlet/connectors shall be 
terminated using a Type 110 IDC PC board connector,  color-coded for both 
T568A and T568B wiring.  Each outlet/connector shal l be wired [ T568A][ or ] [
T568B] [as indicated] .  UTP outlet/connectors shall comply with TIA-568-C.2  
for [ 200 ]  [_____] mating cycles. [  UTP outlet/connectors installed in 
outdoor or marine environments shall be jell-filled  type containing an 
anti-corrosive, memory retaining compound.]

2.5.2   Optical Fiber Adapters(Couplers)

Provide optical fiber adapters suitable for [ duplex LC in accordance with 
TIA/EIA-604-10  with zirconia ceramic alignment sleeves,] [  duplex SC in 
Accordance with TIA/EIA-604-3  with zirconia ceramic alignment sleeves, ]  [ 
MT-RJ in accordance with TIA/EIA-604-12  with thermoplastic alignment 
sleeves,][ and][ ST in accordance with TIA/EIA-604-2  with metallic 
alignment sleeves] as indicated.  Provide dust cover for adapters.  Op tical 
fiber adapters shall comply with TIA-455-21  for [ 500 ][_____]  mating cycles.

2.5.3   Optical Fiber Connectors 

Provide in accordance with TIA-455-21 . [   Optical fiber connectors shall be [ 
duplex LC in accordance with TIA/EIA-604-10  with zirconia ceramic alignment 
sleeves,] [  duplex SC in accordance with TIA/EIA-604-3  with zirconia ceramic
][ MT-RJ in accordance with TIA/EIA-604-12  with thermoplastic] [ ST in 
accordance with TIA/EIA-604-2  with metallic]  ferrule, epoxyless [  crimp style
]  compatible with [ [62.5/125][50/125] multimode] [ 8/125 single-mode ]  fiber.  
The connectors shall provide a maximum attenuation of 0.3 dB at [ 850] [ 1300]
[ 1310] [  1550 ]  nm with less than a 0.2 dB change after 500 mating  cycles. ]

2.5.4   Cover Plates

Telecommunications cover plates shall comply with UL 514C , and TIA-568-C.1 , 
[ TIA-568-C.2 ] , [ TIA-568-C.3 ] ; [ flush ][ or ] [oversized]  design constructed 
of [ high impact thermoplastic material [[ivory][white][brown] in color] [ to 
match color of receptacle/switch cover plates speci fied in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM ]][302 stainless material] [ or ] [brass material] .  
Provide labeling in accordance with the paragraph L ABELING in this section.

[ 2.6   MULTI-USER TELECOMMUNICATIONS OUTLET ASSEMBLY (MUTOA)

Provide MUTOA(s) in accordance with TIA-568-C.1 .

][ 2.7   TERMINAL CABINETS

Construct of zinc-coated sheet steel,[  36 by 24 by 6 inches  deep][as 
indicated].  Trim shall be fitted with hinged door and locking latch.  
Doors shall be maximum size openings to box interio rs.  Boxes shall be 
provided with  5/8 inch  backboard with two-coat varnish finish.  Match tri m, 
hardware, doors, and finishes with panelboards.  Pr ovide label and 
identification systems for telecommunications wirin g and components 
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consistent with TIA-606 .

] 2.6   GROUNDING AND BONDING PRODUCTS
 

Provide in accordance with UL 467 , TIA-607 , and NFPA 70 .  Components shall 
be identified as required by TIA-606 .  Provide ground rods, bonding 
conductors, and grounding busbars  as specified in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.

2.7   FIRESTOPPING MATERIAL

Provide as specified in Section 07 84 00  FIRESTOPPING.

2.8   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate beari ng the manufacturer's 
name, address, model number, and serial number secu rely affixed in a 
conspicuous place; the nameplate of the distributin g agent will not be 
acceptable.

2.9   FIELD FABRICATED NAMEPLATES

ASTM D709.  Provide laminated plastic nameplates for each eq uipment 
enclosure, relay, switch, and device; as specified or as indicated on the 
drawings.  Each nameplate inscription shall identif y the function and, when 
applicable, the position.  Nameplates shall be mela mine plastic,  0.125 
inches  thick, white with [ black ]  [_____] center core.  Surface shall be 
matte finish.  Corners shall be square.  Accurately  align lettering and 
engrave into the core.  Minimum size of nameplates shall be  one by 2.5 
inches .  Lettering shall be a minimum of  0.25 inches  high normal block 
style.

2.10   TESTS, INSPECTIONS, AND VERIFICATIONS

2.10.1   Factory Reel Tests

Provide documentation of the testing and verificati on actions taken by 
manufacturer to confirm compliance with TIA-568-C.1 , TIA-568-C.2 , 
TIA-568-C.3 [ , TIA-526-7  for single mode optical fiber ][, and TIA-526-14  
for multimode optical fiber]  cables.

PART 3   EXECUTION

3.1   INSTALLATION

Install telecommunications cabling and pathway syst ems, including the 
horizontal and backbone cable, pathway systems, tel ecommunications 
outlet/connector assemblies, and associated hardwar e in accordance with 
NECA/BICSI 568 , TIA-568-C.1 , TIA-568-C.2 , [ TIA-568-C.3 , ] TIA-569 , NFPA 70 , 
and UL standards as applicable.  Provide cabling in  a star topology network.
[  Provide residential cabling  in a star wiring ar chitecture from the 
distribution device as required by TIA-570 .]   Pathways and outlet boxes 
shall be installed as specified in Section 26 20 00  INTERIOR DISTRIBUTION 
SYSTEM.  Install telecommunications cabling with co pper media in accordance 
with the following criteria to avoid potential elec tromagnetic interference 
between power and telecommunications equipment.  Th e interference ceiling 
shall not exceed 3.0 volts per meter measured over the usable bandwidth of 
the telecommunications cabling. [  Cabling shall be run with horizontal and 
vertical cable guides in telecommunications spaces with terminating 
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hardware and interconnection equipment.]

3.1.1   Cabling

Install [ UTP, ][ and ] [ optical fiber ]  telecommunications cabling system as 
detailed in TIA-568-C.1 , [ TIA-568-C.2 , ]  [ TIA-568-C.3 ] [ and TIA-570  for 
residential cabling] .  Screw terminals shall not be used except where 
specifically indicated on plans.  Use an approved i nsulation displacement 
connection (IDC) tool kit for copper cable terminat ions.  Do not exceed 
manufacturers' cable pull tensions for copper and o ptical fiber cables.  
Provide a device to monitor cable pull tensions.  D o not exceed  25 pounds  
pull tension for four pair copper cables.  Do not c hafe or damage outer 
jacket materials.  Use only lubricants approved by cable manufacturer.  Do 
not over cinch cables, or crush cables with staples .  For UTP cable, bend 
radii shall not be less than four times the cable d iameter.  Cables shall 
be terminated; no cable shall contain unterminated elements.  Cables shall 
not be spliced.  Label cabling in accordance with p aragraph LABELING in 
this section.

[ 3.1.1.1   Open Cable

Use only where specifically indicated on plans for use in cable trays, or 
below raised floors.  Install in accordance with TIA-568-C.1 , TIA-568-C.2  [ 
[and ] TIA-568-C.3 ].  Do not exceed cable pull tensions recommended b y the 
manufacturer.[  Copper cable not in a wireway or pa thway shall be suspended 
a minimum of  [8][_____] inches  above ceilings by cable supports no greater 
than  [60][_____] inches  apart.  Cable shall not be run through structural 
members or in contact with pipes, ducts, or other p otentially damaging 
items.  Placement of cable parallel to power conduc tors shall be avoided, 
if possible; a minimum separation of  12 inches  shall be maintained when 
such placement cannot be avoided.]

Plenum cable shall be used where open cables are ro uted through plenum 
areas.  Cable routed exposed under raised floors sh all be plenum rated.  
Plenum cables shall comply with flammability plenum  requirements of NFPA 70 .  
Install cabling after the flooring system has been installed in raised 
floor areas.[  Cable  [6][_____] feet  long shall be neatly coiled not less 
than  [12][_____] inches  in diameter below each feed point in raised floor 
areas.]

] 3.1.1.1   Backbone Cable

a.  Copper Backbone Cable.  Install intrabuilding b ackbone copper cable, in 
indicated pathways,  between the campus distributor , located in the 
telecommunications entrance facility or room, the b uilding distributors 
and the floor distributors located in telecommunica tions rooms and 
telecommunications equipment rooms as indicated on drawings.

b.  Optical fiber Backbone Cable.  Install intrabui lding backbone optical 
fiber in indicated pathways.  Do not exceed manufac turer's recommended 
bending radii and pull tension.  Prepare cable for pulling by cutting 
outer jacket  10 inches  leaving strength members exposed for 
approximately  10 inches .  Twist strength members together and attach to 
pulling eye.  Vertical cable support intervals shal l be in accordance 
with manufacturer's recommendations.

3.1.1.2   Horizontal Cabling

Install horizontal cabling as indicated on drawings   Do not untwist 
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Category 6 UTP cables more than  one half inch  from the point of termination 
to maintain cable geometry.  Provide slack cable in  the form of a figure 
eight (not a service loop) on each end of the cable ,  10 feet  in the 
telecommunications room, and  12 inches  in the work area outlet..

3.1.2   Pathway Installations

Provide in accordance with TIA-569  and NFPA 70 .  Provide building pathway 
as specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

[ 3.1.3   Service Entrance Conduit, Overhead

Provide service entrance overhead as specified in S ection 26 20 00  INTERIOR 
DISTRIBUTION SYSTEMS.

][ 3.1.4   Service Entrance Conduit, Underground

Provide service entrance underground as specified i n Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.

] 3.1.3   Cable Tray Installation

Install cable tray as specified in Section 26 20 00  INTERIOR DISTRIBUTION 
SYSTEM.  Only [CMP] [and] [ OFNP]  type cable shall be installed in a plenum.

3.1.4   Work Area Outlets

3.1.4.1   Terminations

Terminate UTP cable in accordance with TIA-568-C.1 , TIA-568-C.2  and wiring 
configuration as specified. [   Terminate fiber optic cables in accordance 
with TIA-568-C.3 ]

3.1.4.2   Cover Plates

As a minimum, each outlet/connector shall be labele d as to its function and 
a unique number to identify cable link in accordanc e with the paragraph 
LABELING in this section.

3.1.4.3   Cables

Unshielded twisted pair and fiber optic cables shal l have a minimum of  12 
inches  of slack cable loosely coiled into the telecommuni cations outlet 
boxes.  Minimum manufacturer's bend radius for each  type of cable shall not 
be exceeded.

3.1.4.4   Pull Cords

Pull cords shall be installed in conduit serving te lecommunications outlets 
that do not have cable installed.

[ 3.1.4.5   Multi-User Telecommunications Outlet Assembly (MUTO A)

Run horizontal cable in the ceiling or underneath t he floor and terminate 
each cable on a MUTOA in each individual zone.  MUT OAs shall not be located 
in ceiling spaces, or any obstructed area.  MUTOAs shall not be installed 
in furniture unless that unit of furniture is perma nently secured to the 
building structure.  MUTOAs shall be located in an open work area so that 
each furniture cluster is served by at least one MU TOA.  The MUTOA shall be 
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limited to serving a maximum of twelve work areas.  Maximum work area cable 
length requirements shall also be taken into accoun t.  MUTOAs must be 
labeled to include the maximum length of work area cables.  MUTOA labeling 
is in addition to the labeling described in TIA-606 , or other applicable 
cabling administration standards.  Work area cables  extending from the 
MUTOA to the work area device must also be uniquely  identified and labeled.

] 3.1.5   Telecommunications Space Termination

Install termination hardware required for [ Category 6 ][  and ][ optical fiber ]
 system.  An insulation displacement tool shall be used for terminating 
copper cable to insulation displacement connectors.

[ 3.1.5.1   Connector Blocks

Connector blocks shall be [cabinet] [ rack ][wall]  mounted in orderly rows and 
columns.  Adequate vertical and horizontal wire rou ting areas shall be 
provided between groups of blocks.  Install in acco rdance with industry 
standard wire routing guides in accordance with TIA-569 .

] 3.1.5.2   Patch Panels

Patch panels shall be mounted [in equipment [cabinets]] [ racks ][on the 
plywood backboard]  with sufficient ports to accommodate the installed  cable 
plant plus [ 25][_____]  percent spares.

[ a.  Copper Patch Panel.  Copper cable entering a pa tch panel shall be 
secured to the panel [with cable ties] [ as recommended by the 
manufacturer ]  to prevent movement of the cable.

][ b.  Fiber Optic Patch Panel.  Fiber optic cable loo p shall be [  [3][_____] 
feet  in length] [ provided as recommended by the manufacturer ] .  The 
outer jacket of each cable entering a patch panel s hall be secured to 
the panel to prevent movement of the fibers within the panel, using 
clamps or brackets specifically manufactured for th at purpose.

] [ 3.1.5.3   Equipment Support Frames

Install in accordance with TIA-569 :

[a.  Bracket, wall mounted.  Mount bracket to plywo od backboard in 
accordance with manufacturer's recommendations.  Mo unt rack so height 
of highest panel does not exceed  78 inches  above floor.]

[ b.  Racks, floor mounted modular type.  Permanently  anchor rack to the 
floor in accordance with manufacturer's recommendat ions. ]

[c.  Cabinets, freestanding modular type.  When cab inets are connected 
together, remove adjoining side panels for cable ro uting between 
cabinets.[  Mount rack mounted fan in [roof][base] of cabinet.]]

[d.  Cabinets, wall-mounted modular type.  Mount ca binet to plywood 
backboard in accordance with manufacturer's recomme ndations.  Mount 
cabinet so height of highest panel does not exceed  78 inches  above 
floor.]

] 3.1.6   Electrical Penetrations

Seal openings around electrical penetrations throug h fire resistance-rated 
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wall, partitions, floors, or ceilings as specified in Section 07 84 00  
FIRESTOPPING.

3.1.7   Grounding and Bonding

Provide in accordance with TIA-607 , NFPA 70  and as specified in Section 
26 20 00  INTERIOR DISTRIBUTION SYSTEM.

3.2   LABELING

3.2.1   Labels

Provide labeling in accordance with TIA-606 .  Handwritten labeling is 
unacceptable.  Stenciled lettering for voice and da ta circuits shall be 
provided using [  thermal ink transfer process ][ laser printer]  [_____] .

3.2.2   Cable

Cables shall be labeled using color labels on both ends with identifiers in 
accordance with TIA-606 .

3.2.3   Termination Hardware

Workstation outlets and patch panel connections sha ll be labeled using 
color coded labels with identifiers in accordance w ith TIA-606 .

3.3   FIELD APPLIED PAINTING

Paint electrical equipment as required to match fin ish of adjacent surfaces 
or to meet the indicated or specified safety criter ia.  Painting shall be 
as specified in Section 09 90 00  PAINTS AND COATINGS.

3.3.1   Painting Backboards

If backboards are required to be painted, then the manufactured fire 
retardant backboard must be painted with fire retar dant paint, so as not to 
increase flame spread and smoke density and must be  appropriately labeled.  
Label and fire rating stamp must be unpainted.

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of  nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   TESTING

3.5.1   Telecommunications Cabling Testing

Perform telecommunications cabling inspection, veri fication, and 
performance tests in accordance with TIA-568-C.1 , [ TIA-568-C.2 ] , [
TIA-568-C.3 ] .  Test equipment shall conform to TIA-1152 .  Perform optical 
fiber field inspection tests via attenuation measur ements on factory reels 
and provide results along with manufacturer certifi cation for factory reel 
tests.  Remove failed cable reels from project site  upon attenuation test 
failure.
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3.5.1.1   Inspection

Visually inspect UTP and optical fiber jacket mater ials for UL or third 
party certification markings.  Inspect cabling term inations in 
telecommunications rooms and at workstations to con firm color code for 
T568A or T568B pin assignments, and inspect cabling  connections to confirm 
compliance with TIA-568-C.1 , TIA-568-C.2 , [  TIA-568-C.3 ] , [ and ][ TIA-570  
for residential cabling] .  Visually confirm [  Category 6, ]  marking of 
outlets, cover plates, outlet/connectors, and patch  panels.

3.5.1.2   Verification Tests

UTP backbone copper cabling shall be tested for DC loop resistance, shorts, 
opens, intermittent faults, and polarity between co nductors, and between 
conductors and shield, if cable has overall shield.   Test operation of 
shorting bars in connection blocks.  Test cables af ter termination but 
prior to being cross-connected.

[[ For multimode optical fiber, perform optical fiber end-to-end attenuation 
tests in accordance with TIA-568-C.3  and TIA-526-14  using [ Method A, 
Optical Power Meter and Light Source] [  Method B, OTDR ]  for multimode 
optical fiber. ][   For single-mode optical fiber, perform optical fi ber 
end-to-end attenuation tests in accordance with TIA-568-C.3  and TIA-526-7  
using [ Method A, Optical Power Meter and Light Source] [  Method B, OTDR ]  for 
single-mode optical fiber. ]   Perform verification acceptance tests. ]

3.5.1.3   Performance Tests

Perform testing for each outlet and MUTOA as follow s:

[  a.  Perform Category 6 link tests in accordance wi th TIA-568-C.1  and 
TIA-568-C.2 .  Tests shall include wire map, length, insertion loss, 
NEXT, PSNEXT, ELFEXT, PSELFEXT, return loss, propag ation delay, and 
delay skew.

][ .  Optical fiber Links.  Perform optical fiber end- to-end link tests in 
accordance with TIA-568-C.3 .

] 3.5.1.4   Final Verification Tests

Perform verification tests for UTP [  and optical fiber ]  systems after the 
complete telecommunications cabling and workstation  outlet/connectors are 
installed.

[ a.  Voice Tests.  These tests assume that dial tone  service has been 
installed.  Connect to the network interface device  at the demarcation 
point.  Go off-hook and listen and receive a dial t one.  If a test 
number is available, make and receive a local, long  distance, and DSN 
telephone call.

][ b.  Data Tests.  These tests assume the Information  Technology Staff has a 
network installed and are available to assist with testing.  Connect to 
the network interface device at the demarcation poi nt.  Log onto the 
network to ensure proper connection to the network.

]     -- End of Section --
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SECTI ON 28 05 26. 00 40

GROUNDI NG AND BONDI NG FOR ELECTRONI C SAFETY AND SECURI TY
08/16

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2011;  Amendment  2012)  Speci f i cat i on f or  
Fi l l er  Met al s f or  Br azi ng and Br aze Wel di ng

ASTM I NTERNATI ONAL ( ASTM)

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14)  Nat i onal  El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-STD-889 ( 2016;  Rev C)  Di ssi mi l ar  Met al s

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2013;  Repr i nt  Jun 2017)  UL St andar d f or  
Saf et y Gr oundi ng and Bondi ng Equi pment

1. 2   SUBMITTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  i nf or mat i on onl y.   When 
used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on i dent i f i es t he of f i ce 
t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   Submi t t al s wi t h an " S"  
ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o 
Section 01 33 29 SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

SECTI ON 28 05 26. 00 40  Page 1



HAFB B591 Renovat i on HAFBB591FACILITY

Gr oundi ng Syst ems; G

Gr ound Rods; G

Gr ound Wi r es; G

Connect or s and Fast ener s; G

Bondi ng Mat er i al s; G

SD- 06 Test  Repor t s

Bond Resi st ance Test ; G

Gr ound Resi st ance Test s; G

Gr ound I sol at i on Test ; G

Cont i nui t y I sol at i on Test ; G

SD- 08 Manuf act ur er ' s I nst r uct i ons

Gr oundi ng Syst ems

SD- 11 Cl oseout  Submi t t al s

Recor d Dr awi ngs

PART 2   PRODUCTS

Submi t  mat er i al ,  equi pment ,  and f i x t ur e l i s t s f or  gr oundi ng syst ems,  
i ncl udi ng manuf act ur er ' s st y l e or  cat al og number s,  speci f i cat i on and 
dr awi ng r ef er ence number s,  war r ant y i nf or mat i on,  and f abr i cat i on s i t e 
information.

2. 1   EQUIPMENT

Submi t  equi pment  and per f or mance dat a f or  t he f ol l owi ng i t ems i ncl udi ng 
l i f e,  t est ,  syst em f unct i onal  f l ows,  saf et y f eat ur es,  and mechani cal  
aut omat ed det ai l s .

2. 1. 1   Gr ound Rods

Ensur e gr ound r ods conf or m t o t he r equi r ement s of  NFPA 70 .

2. 1. 2   Gr ound Wi r es

Ensur e gr ound wi r es ar e i n accor dance wi t h Sect i on 26 05 00. 00 40 COMMON 
WORK RESULTS FOR ELECTRI CAL.

Gr ound and bond wi r es f or  subst at i ons,  mai n panel s and di st r i but i on poi nt s,  
and gr ound r od connect i ons ar e anneal ed bar e copper  conf or mi ng t o ASTM B3, 
st r anded,  wi t h 98 per cent  conduct i v i t y.   Wi r e s i ze i s i n accor dance wi t h 
t he gr oundi ng r equi r ement s of  NFPA 70.

Use sof t  dr awn copper  f or  gr ound wi r es i nst al l ed i n condui t  f or  equi pment  
r ecept acl es f or  non- cur r ent  car r y i ng har dwar e,  i n accor dance wi t h ASTM B3, 
st r anded,  wi t h gr een i nsul at i on.   Not e wi r e s i ze.
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2. 1. 3   Connect or s and Fast ener s

Ensur e gr oundi ng and bondi ng f ast ener s and connect or s conf or m t o t he 
r equi r ement s of  UL 467,  and Sect i on 26 05 00. 00 40 COMMON WORK RESULTS FOR 
ELECTRICAL.

Use copper  gr oundi ng and bondi ng f ast ener s.

Use copper  bondi ng st r aps and j umper s wi t h a cr oss- sect i onal  ar ea of  not  
l ess t han No.  6 AWG.   Bondi ng st r aps and j umper s f or  shock- mount ed devi ces 
wi t h pi vot  j oi nt s ar e made of  f l exi bl e st r anded wi r e.

PART 3   EXECUTI ON

3. 1   INSTALLATION

Submi t  manuf act ur er ' s i nst r uct i ons f or  t he gr oundi ng syst ems i ncl udi ng 
speci al  pr ovi s i ons r equi r ed t o i nst al l  equi pment  component s and syst em 
packages.   Wi t hi n speci al  not i ces,  det ai l  i mpedances,  hazar ds and saf et y 
precautions.

3. 1. 1   Bondi ng and Gr oundi ng

Meet  bondi ng and gr oundi ng r equi r ement s i n conf or mi ng t o NFPA 70.

3. 1. 2   Gr oundi ng El ect r odes

Gr oundi ng el ect r odes i ncl ude gr ound r ods i nst al l ed expr essl y f or  gr oundi ng 
systems.

Mi ni mum gr ound r od sect i on ar e 10 f eet .   Thr ead sect i ons t oget her  and 
exot her mi cal l y f usi on wel d.

I nst al l  gr ound r ods so t hat  t he t op of  t he r od i s not  l ess t han ___12 i nches
 bel ow f i ni shed gr ade.

3. 1. 3   Gr ound Gr i ds

Gr ound gr i ds consi st  of  a ser i es of  gr ound r ods i nst al l ed wi t h 
i nt er connect i ng gr oundi ng conduct or s bet ween gr ound r ods.   Space gr ound 
r ods as shown on dr awi ngs.

Do not  bur y gr ound gr i d l ess t han 18 i nches bel ow t he f i ni sh gr ade.   
Pr ovi de gr oundi ng conduct or s not  l ess t han No.  4/ 0 AWG t hat  ar e 
exot her mi cal l y f usi on wel ded t oget her  at  cr ossover  poi nt s and t o gr ound 
rods.

3. 1. 4   Bui l di ng Gr ounds

Gr ound t he st eel  f r amewor k of  t he bui l di ng wi t h a dr i ven gr ound r od at  t he 
base of  ever y cor ner  col umn and i nt er medi at e ext er i or  col umns at  di st ances 
not  gr eat er  t han 60 f eet  apar t .   El ect r i cal l y  connect  gr oundi ng conduct or  
t o each gr ound r od and t o each st eel  col umn and ext end ar ound t he per i met er  
of  t he bui l di ng.   Ensur e gr oundi ng- conduct or  l oop ar ound t he per i met er  of  
t he bui l di ng i s not  l ess t han No.  4/ 0 AWG.   Ensur e t ap connect i ons f r om t he 
gr ound l oop t o t he bui l di ng st eel  ar e not  l ess t han No.  4/ 0 AWG.

Bur y t he bui l di ng gr ound no l ess t han 18 i nches bel ow gr ade and 2 f eet  f r om 
t he bui l di ng f oundat i on.   The i nt er connect i ng gr oundi ng conduct or  bet ween 
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gr ound gr i d and bui l di ng gr ounds cannot  be l ess t han No.  4/ 0 AWG.

3. 1. 5   Equi pment  Gr oundi ng

Ensur e met al l i c  r aceway syst ems have el ect r i cal  cont i nui t y wi t h equi pment .   
I ndi v i dual l y and di r ect l y connect  equi pment  t o t he bui l di ng gr ound,  
i ndependent  of  t he r aceway syst em.

I ndi v i dual l y and di r ect l y connect  encl osur es f or  panel boar ds t o t he 
bui l di ng gr ound.   I nst al l  a gr oundi ng conduct or  s i zed not  l ess t han No.  2 
AWG.   Connect  conduct or  f r om t he bui l di ng gr ound t o a copper  gr ound- bus 
t er mi nal  st r i p l ocat ed i n each panel boar d.

Gr ound pol ar i zed r ecept acl es,  l i ght i ng f i x t ur es,  and equi pment  encl osur es 
wi t h an i dent i f i ed ( gr een col or )  i nsul at ed conduct or ,  not  smal l er  t han No.  
12 AWG.   Connect  conduct or  t o t he br anch ci r cui t  gr ound- bus t er mi nal  
st r i p.   I sol at e gr ound- bus t er mi nal  st r i p i n each panel boar d encl osur e and 
i ndependent  of  t he syst em neut r al  t er mi nal  st r i p.

I ndi v i dual l y and di r ect l y connect  i ndoor  subst at i ons,  t r ansf or mer s,  
swi t chboar d f r ames,  swi t chgear  assembl i es,  mot or s,  mot or  cont r ol  cent er s,  
ai r  compr essor s,  ai r  handl er s,  r ef r i ger at ed ai r  dr yer s,  gener at or s,  f r ames 
and t r acks of  cr anes,  and owner  equi pment  t o t he bui l di ng gr ound.   Ensur e 
t he cur r ent - car r y i ng capaci t y of  t he gr oundi ng conduct or  i s  t he same as t he 
cur r ent - car r y i ng capaci t y of  t he power  conduct or s f or  c i r cui t s ut i l i z i ng 
power  l i nes s i ze No.  2 AWG and smal l er .   For  c i r cui t s wi t h power  wi r i ng 
l ar ger  t han  No.  2 AWG,  ensur e t he gr oundi ng conduct or  i s  i n accor dance 
with NFPA 70,  except  t hat  t he gr oundi ng conduct or  i s  not  smal l er  t han No.  2 
AWG.

Bond t oget her  and connect  t o t he gr ound gr i d or  gr ound connect i on r ods,  
noncur r ent  car r y i ng met al l i c  par t s of  el ect r i cal  equi pment ;  i ncl udi ng 
met al l i c  cabl e sheat hs,  condui t ,  r aceways,  and el ect r i cal  st r uct ur al  
members.

I nst al l  secur e gr ound syst ems f or  power  and i nst r ument at i on.   I ndependent l y 
connect  each syst em t o t he bui l di ng count er poi se as shown.

Secur e gr ound syst ems consi st  of  unspl i ced gr ound wi r es i n i ndi v i dual  
wel ded or  epoxi ed condui t  r uns f r om t he secur e ar ea t o t he bui l di ng 
count er poi se.   Wel di ng and epoxyi ng conf or ms t o Sect i on 26 05 00. 00 40 
COMMON WORK RESULTS FOR ELECTRI CAL.

3. 1. 6   Gr oundi ng Connect i ons

Bond gr ound connect i ons i n accor dance wi t h par agr aph BONDI NG MATERI ALS AND 
METHODS.

Wel d gr ound connect i ons t hat  ar e bur i ed or  i n i naccessi bl e l ocat i ons.

I n accessi bl e l ocat i ons,  bol t  connect i ons t oget her .   Use cast - copper - al l oy 
c l amp l ug connect i ons f or  st eel  bui l di ng col umns i n accessi bl e l ocat i ons 
t hat  ar e exot her mi cal l y f usi on- wel ded t o t he st r uct ur e.

Cl ean,  gr ease,  and r emove f or ei gn mat t er  f r om gr ound connect i on sur f aces.   
Do not  penet r at e c l ad mat er i al  i n t he c l eani ng pr ocess.   Make connect i on 
bet ween l i ke met al s wher e possi bl e.   Wher e di ssi mi l ar  met al s ar e wel ded,  
br azed,  or  c l amped,  f ol l ow t he wel d k i t  manuf act ur er ' s i nst r uct i ons.   
Ensur e connect i ons bet ween di ssi mi l ar  met al s do not  pr oduce gal vani c act i on 

SECTI ON 28 05 26. 00 40  Page 4



HAFB B591 Renovat i on HAFBB591FACILITY

i n accor dance wi t h MIL-STD-889 .

3. 1. 7   Bondi ng Mat er i al s And Met hods

Accompl i sh bondi ng of  met al  sur f aces by wel di ng .

3. 1. 7. 1   Brazing

Ensur e br azi ng sol der  conf or ms t o AWS A5. 8/ A5. 8M .

3. 1. 7. 2   Welding

Wel d usi ng t he exot her mi c pr ocess.   Wi t hi n t he wel di ng pr ocedur e,  i ncl ude 
t he pr oper  mol d and powder  char ge and conf or m t o t he manuf act ur er ' s  
recommendations.

Use wel di ng pr ocesses of  t he exot her mi c f usi on t ype t hat  makes a connect i on 
wi t hout  cor r odi ng or  l ooseni ng.   Ensur e pr ocess j oi ns al l  s t r ands and does 
not  cause t he par t s t o be damaged or  weakened.   Compl et ed connect i on or  
j oi nt  i s  equal  or  l ar ger  i n s i ze t han t he conduct or s j oi ned and has t he 
same cur r ent - car r y i ng capaci t y as t he l ar gest  conduct or .   Pai nt  t he bur i ed 
gr ound connect i ons wi t h a bi t umast i c pai nt .

3. 1. 7. 3   Clamping

I n ext er nal  l ocat i ons,  use c l ampi ng onl y wher e a di sconnect  t ype of  
connect i on i s r equi r ed.   Connect i on devi ce may ut i l i ze t hr eaded f ast ener s.   
Const r uct  devi ce such t hat  posi t i ve cont act  pr essur e i s mai nt ai ned at  al l  
t i mes.   Use machi ne bol t s wi t h t oot h- t ype l ockwasher s.

3. 1. 7. 4   St r uct ur al  Joi ni ng Met hods

Consi der  j oi nt s made wi t h hi gh- st r engt h st r uct ur al  bol t s,  and c l ean 
unpai nt ed f ayi ng sur f aces suf f i c i ent l y bonded.   I nst al l  a j umper  acr oss t he 
j oi nt  i n t he f or m of  a No.  4 AWG bar e copper  wi r e  at  each end t o t he 
sur f aces i nvol ved,  spanni ng t he connect i on wi r e j umper s used acr oss j oi nt s 
empl oyi ng mi scel l aneous machi ne bol t s.

3. 1. 7. 5   Cl eani ng of  Bondi ng Sur f aces

Thor oughl y c l ean sur f aces t hat  compr i se t he bond bef or e j oi ni ng.   Appl y an 
appr opr i at e abr asi ve wi t h gent l e and uni f or m pr essur e t o ensur e a smoot h 
and uni f or m sur f ace.   Do not  r emove excessi ve met al  f r om t he sur f ace.   
Cl ean cl ad met al s i n such a manner  t hat  t he c l addi ng mat er i al  i s  not  
penet r at ed by t he c l eani ng pr ocess.   Then cl ean bar e met al  wi t h an 
appr opr i at e sol vent  t o r emove any gr ease,  oi l ,  di r t ,  cor r osi on pr event i ves,  
and ot her  cont ami nant s.   Bond t o t he c l eaned ar ea wi t hi n one hour  af t er  
c l eani ng.   Seal  j oi nt  and r ef i ni sh t he exposed sur f aces wi t hi n t wo hour s of  
exposur e t o pr event  oxi dat i on.   When addi t i onal  t i me i s r equi r ed,  appl y a 
cor r osi on pr event i ve compound unt i l  t he ar ea can be r ef i ni shed.

3. 1. 7. 6   Bondi ng St r aps and Jumper s

I nst al l  j umper s such t hat  t he v i br at i on by t he shock- mount ed devi ce does 
not  change i t s el ect r i cal  char act er i st i cs.

 Wel d bonds f or  out door  l ocat i ons unl ess a di sconnect  t ype of  connect i on i s 
r equi r ed.   When a di sconnect  i s  r equi r ed,  use c l ampi ng wi t h bol t s.   I nser t  
a t oot h- t ype l ockwasher  bet ween t he st r ap and met al l i c  member  f or  each bol t .
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Bond st r aps di r ect l y t o t he basi c st r uct ur e and do not  penet r at e any 
adj acent  par t s.   I nst al l  s t r aps i n an ar ea t hat  i s  accessi bl e f or  
maintenance.

Use si ngl e st r aps f or  t he bonds and i nst al l  such t hat  t hey do not  r est r i c t  
movement  of  st r uct ur al  member s.   Do not  connect  t wo or  mor e st r aps i n 
series.

I nst al l  s t r aps such t hat  t hey do not  weaken st r uct ur al  member s t o whi ch 
t hey ar e at t ached.

3. 1. 7. 7   Equi pment  and Encl osur e Bondi ng

Bond each met al l i c  encl osur e and al l  el ect r i cal  equi pment  t o gr ound.   Make 
at  l east  one copper  connect i on f r om t he syst em gr ound poi nt  t o one or  mor e 
encl osur es i n t he ar ea such t hat  al l  encl osur es and equi pment  pr ovi de a 
l ow- i mpedance pat h t o gr ound when pr oper l y bonded t oget her .

3. 1. 7. 8   Bondi ng of  Condui t  and Raceway Syst ems

Bond al l  met al  condui t ,  f i t t i ngs,  j unct i on boxes,  out l et  boxes,  ar mor ed and 
met al  sheat hed cabl e,  and ot her  r aceways.   Ensur e adequat e el ect r i cal  
cont act  at  t he j oi nt s and t er mi nat i ons.

For  r i gi d met al  condui t  and t er mi nat i ons,  ensur e t hr eaded connect i ons ar e 
wr ench- t i ght  wi t h no exposed t hr eads.   Ream al l  ends of  t he condui t  t o 
r emove bur r s and r ough edges.   Bond condui t s ent er i ng boxes and encl osur es 
t o t he box wi t h l ocknut s and gr oundi ng- t ype bushi ngs.   Locknut s t hat  gouge 
i nt o t he met al  box when t i ght ened ar e not  accept abl e.

Condui t  syst ems t hat  ar e i nt er r upt ed by PVC di el ect r i c  l i nks ar e bonded 
separ at el y on ei t her  s i de of  t he l i nk.   Do not  j umper  t he di el ect r i c  l i nk.

I nst al l  f l exi bl e met al  condui t  wi t h an i nt egr al  gr oundi ng conduct or .

3. 1. 7. 9   Cabl e Tr ay Bondi ng

Bond cabl e t r ay sect i ons t oget her .   Cabl e t r ay sect i ons i n t andem assembl y 
ar e consi der ed as havi ng el ect r i cal  cont i nui t y when t hese sect i ons ar e 
bonded wi t h t he appr opr i at e bol t s .   I nst al l  bond st r aps acr oss expansi on 
j oi nt s.   Bond cabl e t r ays t o t he bui l di ng gr ound syst em.

3. 1. 7. 10   Pr ot ect i on of  Fi ni shed Bonds

Pr ot ect  f i ni shed bonds by pai nt i ng t o mat ch t he or i gi nal  f i ni sh af t er  t he 
bond i s made.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Fi el d Test s

Submi t  t est  r epor t s f or  t he f ol l owi ng t est s on gr oundi ng syst ems.   Wi t hi n 
t he r epor t  i ncl ude cer t i f i ed r ecor d of  gr ound- r esi st ance t est s on each 
dr i ven gr ound r od,  gr ound r od assembl y,  and ot her  gr oundi ng el ect r odes.   
I ncl ude wi t hi n t he r ecor d t he number  of  r ods dr i ven and t hei r  dept h at  each 
l ocat i on t o meet  t he r equi r ed r esi st ance- t o- gr ound measur ement s speci f i ed.   
I ncl ude a st at ement  descr i bi ng t he condi t i on of  t he soi l  at  t he t i me of  
measurement.
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Per f or m t he f ol l owi ng t est s i n t he pr esence of  t he Cont r act i ng Of f i cer .

3. 2. 1. 1   Bond Resi st ance Test

Resi st ance of  any bond connect i on cannot  exceed 0. 5 mi l l i ohm.   Rewor k bonds 
t hat  exceed t hi s r esi st ance at  no addi t i onal  cost  t o t he Gover nment .

3. 2. 1. 2   Gr ound Resi st ance Test s

Test  gr oundi ng syst ems f or  gr ound r esi st ance.   Tot al  r esi st ance f r om any 
poi nt  on t he gr ound net wor k t o t he bui l di ng count er poi se cannot  exceed 50 
milliohms.

Make gr ound r esi st ance and count er poi se t est s dur i ng dr y weat her ,  and no 
sooner  t han 48 hour s af t er  r ai nf al l .   Conduct  t est s usi ng t he r at i o met hod 
t hat  measur es t he r at i o of  t he r esi st ance t o ear t h of  an auxi l i ar y t est  
el ect r ode t o t he ser i es r esi st ance of  t he el ect r ode under  t est  and a second 
auxi l i ar y el ect r ode.   Per f or m measur ement s i n accor dance wi t h I EEE 81.

Use sel f - cont ai ned i ndi cat i ng i nst r ument s,  i ncl udi ng a di r ect - cur r ent  
gener at or ,  synchr oni zed cur r ent  and pot ent i al  r ever ser s,  cr ossed- cur r ent  
and pot ent i al  coi l s ,  di r ect - r eadi ng ohmmet er ,  ser i es r esi st or s,  and 
r ange- sel ect or  swi t ch.   Cal i br at e di r ect - r eadi ng ohmmet er  f or  r anges of  0 
t o 20 ohms and 0 t o 200 ohms.

Pl ace auxi l i ar y gr oundi ng el ect r odes i n accor dance wi t h i nst r ument  
manuf act ur er ' s r ecommendat i ons but  not  l ess t han50 - f eet  apar t ,  i n 
accor dance wi t h I EEE 81.

3. 2. 1. 3   Gr ound I sol at i on Test

Test  gr ound syst ems f or  i sol at i on f r om ot her  gr ound syst ems.

3. 2. 1. 4   Cont i nui t y I sol at i on Test

Per f or m cont i nui t y t est  on al l  power  r ecept acl es t o ensur e t hat  t he gr ound 
t er mi nal s ar e pr oper l y gr ounded t o t he f aci l i t y  gr ound syst em.

3. 3   CLOSEOUT ACTI VI TI ES

Submit r ecor d dr awi ngs i ndi cat i ng t he l ocat i on of  gr ound r ods,  mat s,  gr i ds,  
bui l di ng gr ound bus,  suppl ement ar y gr oundi ng el ect r odes,  st eel  bui l di ng 
col umns,  and ot her  met al  st r uct ur es connect ed t o t he gr oundi ng syst em.

I dent i f y t he l ocat i on of  each gr ound r od and gr ound- r od assembl y and ot her  
gr oundi ng el ect r odes by l et t er  i n al phabet i cal  or der  and keyed t o t he 
r ecor d of  gr ound- r esi st ance t est s.

        - -  End of  Sect i on - -
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SECTION 28 10 05

ELECTRONIC SECURITY SYSTEMS (ESS)
05/16

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ASC/X9 X9.52 (1998) Triple Data Encryption Algorithm 
Modes of Operation

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM B32 (2008; R 2014) Standard Specification for 
Solder Metal

ASTM D709 (2017) Standard Specification for 
Laminated Thermosetting Materials

ASTM E84 (2018) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

ANSI/BHMA A156.23 (2010) Electromagnetic Locks

ELECTRONIC COMPONENTS INDUSTRY ASSOCIATION (ECIA)

ECIA EIA/ECA 310-E (2005) Cabinets, Racks, Panels, and 
Associated Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS ( IEEE)

IEEE 802.3 (2015; CORR 2017; AMD 1 2017) Ethernet

IEEE C2 (2017; Errata 1-2 2017; INT 1 2017) 
National Electrical Safety Code

INTELLIGENCE COMMUNITY STANDARD (ICS)

ICS 705-1 (2010) Physical and Technical Security 
Standard for Sensitive Compartmented 
Information Facilities
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INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO )

ANSI ISO/IEC 7816 (R 2009) Identification Cards - Integrated 
Circuit Cards

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000; R 2015) Standard for Industrial 
Control and Systems: General Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Industrial 
Control and Systems Controllers, 
Contactors, and Overload Relays Rated 600 V

NEMA ICS 6 (1993; R 2016) Industrial Control and 
Systems:  Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14) National Electrical Code

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST FIPS 140-2 (2001) Security Requirements for 
Cryptographic Modules

NIST FIPS 197 (2001) Advance Encryption Standard

NIST FIPS 201-2 (2013) Personal Identity Verification 
(PIV) of Federal Employees and Contractors

OPEN NETWORK VIDEO INTERFACE FORUM (ONVIF)

ONVIF (2017) Core Specification Version 17.06

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-222 (2005G; Add 1 2007; Add 2 2009; Add 3 
2014; Add 4 2014; R 2014; R 2016) 
Structural Standards for Steel Antenna 
Towers and Antenna Supporting Structures

TIA-568-C.2 (2009; Errata 2010; Add 2 2014; Add 1 
2016) Balanced Twisted-Pair 
Telecommunications Cabling and Components 
Standards

TIA-606 (2017c) Administration Standard for the 
Telecommunications Infrastructure
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U.S. DEPARTMENT OF DEFENSE (DOD)

DODI 8500.01 (2014) Cybersecurity

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION ( NARA)

21 CFR 1020 Performance Standards for Ionizing 
Radiation Emitting Products

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 1037 (2016; Reprint Sep 2017) UL Standard for 
Safety Antitheft Alarms and Devices

UL 1076 (1995; Reprint Mar 2015) Proprietary 
Burglar Alarm Units and Systems

UL 1610 (2016) UL Standard for Safety 
Central-Station Burglar-Alarm Units

UL 294 (2018) Access Control System Units

UL 437 (2013; Reprint Oct 2017) UL Standard for 
Safety Key Locks

UL 50 (2015) UL Standard for Safety Enclosures 
for Electrical Equipment, 
Non-Environmental Considerations

UL 634 (2007; Reprint Mar 2015) Connectors and 
Switches for Use with Burglar-Alarm Systems

UL 636 (2018) Holdup Alarm Units and Systems

UL 639 (2007; Reprint May 2012) Standard for 
Intrusion Detection Units

UL 681 (2014) Installation and Classification of 
Burglar and Holdup Alarm Systems

UL 796 (2016) UL Standard for Safety 
Printed-Wiring Boards

UL 969 (2017) UL Standard for Safety Marking and 
Labeling Systems

UL 972 (2006; Reprint Dec 2015) Standard for 
Burglary Resisting Glazing Material Type

1.2   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
submittals not having a "G" designation are for inf ormation only.  When 
used, a designation following the "G" designation i dentifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in  
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accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

ESS Components ; G

Overall System Schematic ; G

SD-03 Product Data

Premise Control Unit ; G

Detection Sensors ; G

Access Control Unit ; G

Access Control Devices ; G

Cameras ; G

Camera Lenses ; G

Camera Housing and Mounts ; G

Thermal Imaging System ; G

Video Recording ; G

Printers ; G

Communications Interface Devices ; G

Radio Frequency Link ; G

Network Switch ; G

Video and ESS Transmission ; G

Infant Protection Alarm System ( IPAS); G

Uninterruptible Power Supply (UPS) ; G

Batteries ; G

Component Enclosure ; G

Equipment Rack ; G

SD-05 Design Data

Backup Battery Capacity Calculations ; G

Access Control Throughput Rates ; G

CCTV Storage Calculations

SD-07 Certificates

Contractor Qualifications ; G
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Instructor Qualifications ; G

Data Encryption ; G

SD-10 Operation and Maintenance Data

Training Plan ; G

Training Content ; G

ESS Components  and ESS Software: Data Package 4; G

ESS Software  and ESS Components: Data Package 4; G

  Submit data package in accordance with Section 01 78 23  
OPERATION AND MAINTENANCE DATA

SD-11 Closeout Submittals

As-Built Drawings ; G

1.3   QUALITY ASSURANCE

1.3.1   Regulatory Requirements

The advisory provisions in each of the publications  referred to in this 
specification are mandatory.  Interpret these publi cations as though the 
word "must" has been substituted for "should" where ver it appears.  
Interpret references in these publications to the " authority having 
jurisdiction," or words of similar meaning, to mean  the Contracting Officer.

Equipment, materials, installation, and workmanship  must be in accordance 
with the mandatory and advisory provisions of NFPA 70  unless more stringent 
requirements are specified or indicated.

1.3.2   Standard Products

Provide materials and equipment that are products o f manufacturers 
regularly engaged in the production of such product s which are of equal 
material, design and workmanship and:

a.  Have been in satisfactory commercial or industr ial use for 2 years 
prior to bid opening, and have been utilized in app lications of 
equipment and materials under similar circumstances  and of similar size.

b.  Have been available on the commercial market th rough advertisements, 
manufacturers' catalogs, or brochures during the 2- year period.

c.  Where two or more items of the same class of eq uipment are required, 
provide products of a single manufacturer.

d.  Provide commercial off-the-shelf (COTS) product s in which the 
manufacturer allows a network of qualified distribu tors to sell, 
install, integrate, maintain, and repair the hardwa re and software 
products that make up the system.
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1.3.2.1   Alternative Qualifications

Products having less than a 2 year field service re cord will be acceptable 
if a certified record of satisfactory field operati on for not less than
6000 hours, exclusive of the manufacturers' factory  or laboratory tests, is 
furnished.

1.3.2.2   Material and Equipment Manufacturing Date

Products manufactured more than one year prior to d ate of delivery to the 
site are not acceptable.

1.3.2.3   Product Safety

System components are to conform to applicable rule s and requirements of 
NFPA 70 .  Equip system components with instruction sticker s including 
warnings and cautions describing physical safety, a nd special or important 
procedures to be followed in operating and servicin g system equipment.

1.3.3   Shop Drawings

1.3.3.1   ESS Components

Submit the ESS Components, Data Package 4 with the ESS Software submittal 
package in accordance with Section 01 78 23  OPERATION AND MAINTENANCE 
DATA.Submit drawings that clearly and completely in dicate each ESS 
component  function that includes:

a.  Termination device points

b.  Interconnections required for system operation  
 

c.  Interconnections between modules and devices

d.  Proposed wireway or conduit systems to be used including:

(1) Locations

(2) Sizes

(3) Types   

e.  Drawings showing:  

(1) Device locations and spacing  

(2) Mounting and positioning details

(3) Riser Diagrams with cable sizes and types

(4) Bill of Materials (Device make, model and quant ities)

(5) Alarm and access control zones

(6) CCTV and sensor coverage areas

  (7) Spare capacity
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1.3.3.2   Overall System Schematic

Indicate the relationship of integrated components on one-line diagram and 
show:

a.  Power source  

b.  System controls  

c.  Impedance matches  

d.  Interconnecting wire data including: 

(1) Number

(2) Size

(3) Identification  

(4) Maximum lengths

1.3.4   Evidence of Experience and Qualifications

1.3.4.1   Contractor Qualifications

Submit experience and certified qualifications data  prior to installation.  
Show that specific installers who will perform the work have a minimum of 2 
years of experience successfully installing ESS of the same type and 
similar design as specified.  Include the names, lo cations, and points of 
contact of at least two installations of similar ty pe and design as 
specified in this document where the installer has installed such systems.  
Indicate the type of each system installed.  Certif y that each system has 
performed satisfactorily in the manner intended for  a period of at least 12 
months.

1.3.4.2   Instructor Qualifications

Submit the instructor's experience and certified qu alifications data prior 
to installation.  Show that the instructor has rece ived a minimum of 24 
hours of ESS training from a technical organization  such as the National 
Burglar and Fire Alarm Association, and 2 years exp erience in installing 
the specified ESS type.

1.4   Environmental Conditions

1.4.1   Interior Conditions

Equipment installed in environmentally protected in terior areas must meet 
performance requirements specified for the followin g ambient conditions:

1.4.1.1   Temperature

32 to 120 degrees F.  Components installed in unheated security protecte d 
areas must meet performance requirements for temper atures as low as  0 
degrees F

1.4.1.2   Pressure

Sea level to  15,000 feet  above sea level
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1.4.1.3   Relative Humidity

5 to 95 percent

1.4.1.4   Fungus

Components must be constructed of nonfungus nutrien t materials or be 
treated to inhibit fungus growth

1.4.1.5   Acoustical Noise

Components must be suitable for use in high noise a reas above 100 dB, 
without adversely affecting their performance

1.4.2   Exterior Conditions

Components in enclosures must meet performance requ irements when exposed to 
the following ambient conditions:

1.4.2.1   Temperature

Minus 25 to 140 degrees F

1.4.2.2   Pressure

Sea level to  15,000 feet  above sea level

1.4.2.3   Solar Radiation

Six hours of solar radiation per day at dry bulb te mperature of  120 degrees 
F including 4 hours of solar radiation at  104 watts per square foot

1.4.2.4   Rain

2 inches per hour and  5 inches  per hour cyclic with wind plus one period of  
12 inches  per hour

1.4.2.5   Humidity

5 to 95 percent

1.4.2.6   Wind

Continual velocity up to  50 mph  with gusts to  66 mph , except that fence 
sensors must detect intrusions up to  35 mph

1.4.2.7   Acoustical Noise

Components must be suitable for use in high noise a reas above 110 dB 
without adversely affecting their performance. Exam ples areas include 
flight lines, runup pads, and generator sites.

1.5   SYSTEM CALCULATIONS AND ANALYSIS

1.5.1   Backup Battery Capacity Calculations

Submit calculations showing that backup battery cap acity exceeds sensor 
operation, communications supervision, and alarm an nunciation power 
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requirements for proposed equipment plus 25 percent  spare capcity.

1.5.2   CCTV Storage Calculations

Submit calculations showing the required storage ca pacity for each video 
storage device.

1.6   ESS SOFTWARE, DATA PACKAGE 4

Submit the ESS software, Data Package 4 with the ES S Components submittal 
package in accordance with Section 01 78 23  OPERATION AND MAINTENANCE 
DATA.  Describe the functions of all software in th e software manual and 
include:

a.  All information necessary to enable proper load ing, testing, and 
operation

b.  Terms and functions definitions

c.  Use of system and application software

d.  Procedures for system initialization, start-up and shutdown

e.  Alarm reports

f.  Reports generation

g.  Database format and data entry requirements

h.  Directory of all files

i.  All communication protocol descriptions, includ ing data formats, 
command characters, and a sample of each type of da ta transfer

j.  Interface definition

k.  List of software keys

1.7   AS-BUILT DRAWINGS

Maintain a separate set of drawings, elementary dia grams, and wiring 
diagrams of the system to be used for as-built draw ings.  Keep this set 
accurately and neatly up-to-date with all changes a nd additions.  This set 
is not to be used for installation purposes.

Finish the final drawings submitted with the endura nce test report in 
accordance with Section 01 78 00  CLOSEOUT SUBMITTALS for as-built 
requirements.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide a complete and integrated electronic securi ty system (ESS) that the 
meet requirements of Vindicator .  ESS must be compatible with the 
Installation's central monitoring system and monito red .    Access Control 
System to be Government Furnished Government Instal led (GFGI). ESS 
consisting of the following subsystems and features :
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a.  

b.  Access Control System (ACS)

c.  

Include materials not normally furnished by the man ufacturer with the ESS 
equipment as specified in:

a.  Section 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION

 c.  Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM 2.2   PERFORMANCE 
REQUIREMENTS

Integrate the installed and operating subsystems in to the overall ESS 
system to detect intrusion, control access, provide  CCTV surveillance, 
provide visual verification, and  perform as an ent ity, as specified 
below.  Provide electronic equipment that complies with 47 CFR 15  and are 
suitable for the environment where they will be ins talled.

2.2.1   Growth Capability

Provide capability for modular ESS expansion of inp uts, outputs, card 
readers, and remote control stations with minimal e quipment modification. 
Software must be able to handle design requirements  plus 25 percent spare 
capacity.  Growth capability is not to be limited b y the provided products.

2.2.2   Hazardous Locations

When located in areas where fire or explosion hazar ds exist, provide system 
components rated and installed according to Chapter  5 of NFPA 70 .

2.2.3   Network Certification

Certify all Platform Information Technology (PIT) i n accordance with 
DODI 8500.01  and the individual service implementation policy.

2.2.4   Maintainability

Provide components that can be maintained using com mercially available 
tools and equipment.  Arrange and assemble componen ts to be readily 
accessible to maintenance personnel without comprom ising system defeat 
resistance and with no degradation in tamper protec tion, structural 
integrity, EMI or RFI attenuation, or line supervis ion after maintenance 
when it is performed in accordance with manufacture r's instructions.

2.2.5   Availablity

Provide components rated for continuous operation.  Provide solid-state 
electronic components mounted on printed circuit bo ards, conforming to 
UL 796 .  Provide boards that are plug-in, quick-disconnec t type.  Do not 
impede maintenance with densely packed circuitry.  Provide 
power-dissipating components with safety margins of  not less than 25 
percent with respect to dissipation ratings, maximu m voltages, and 
current-carrying capacity.  Provide solid-state typ e or hemetically sealed 
electromechanical type light duty relays and simila r switching devices.
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2.2.6   Fail-Safe Capability

Provide fail-safe capability in critical elements o f the ESS including, but 
not be limited to, the capability to monitor commun ication link integrity 
and to provide self-test.  Provide fault annunciati on when diminished 
functional capabilities are detected.  Annunciate f ail-safe alarms to 
clearly distinguish from other types of alarms.

2.2.7   Line Supervision

Provide the same geographic resolution for fault is olation at the systems 
level as provided for intrusion detection.  Provide  either a static or 
dynanmic system with active mode for line supervisi on of communication links 
of the ESS.

a.  The static system must represent "no-alarm" alw ays by the same signal, 
which is different than the originally transmitted signal.

b.  The dynamic system must represent "no-alarm" wi th a signal which 
continually changes with time.

2.2.8   Power Loss Detection

Detect AC and DC power loss and generate an alarm w hen a critical component 
of the system experiences temporary or permanent lo ss of power.  Annunciate 
the alarm in the Secured Area to clearly identify t he component 
experiencing power loss.

2.2.9   Controls and Designations

Provide controls and designations as specified in NEMA ICS 1 .

2.2.10   Special Test Equipment

Provide all special test equipment, special hardwar e, software, tools, and 
programming or initialization equipment needed to s tart or maintain any 
part of the system and its components.  Special tes t equipment is defined 
as any test equipment not normally used in an elect ronics maintenance 
facility.

2.2.11   Electromagnetic Interference (EMI)

Configure and provide ESS components employing elec tromagnetic radiation 
constructed to provide minimal vulnerability to ele ctronic countermeasures.

2.2.12   Electromagnetic Radiation (EMR)

Provide only ESS communication components which are  Federal Communications 
Commission (FCC) licensed and approved.  Provide sy stem components which 
are electromagnetically compatible.

2.2.13   Interchangeability

Use off-the-shelf components which are physically, electrically, and 
functionally interchangeable with equivalent compon ents as complete items.  
Equivalent, replacement components must not require  new or other component 
modification.  Do not use custom designed or one-of -a-kind items.  
Interchangeable components or modules must not requ ire trial and error 
matching in order to meet integrated system require ments, system accuracy, 
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or restore complete system functionality.

2.3   INTRUSION DETECTION SYSTEM (IDS)

The IDS primary function is to detect intrusion int o secured areas.  
Utilize a single database for all IDS programming d ata that seamlessly 
integrates with the ESS under a single operating en vironment.  The IDS 
events must be viewable as separate or as a combine d list of all ESS 
events.  Control the IDS alarm monitoring through s oftware control from the 
ESS.  

a.  Provide both supervised and non-supervised alar m point monitoring.  

b.  Secure or access alarm points both manually and  automatically by time 
of day, day of week or by operator command.

2.3.1   IDS Components

Provide components:

a.  Premise Control Units (PCU)

b.  Detection Sensors

c.  Tamper Switches

2.3.2   Detection Sensitivity

The sensitivity of the IDS must allow for the follo wing:

a.  Locating intrusions within  300  feet  zones along a line or perimeter 

b.  Locating intrusions at individually protected a ssets or at an 
individual portal

c.  Locating intrusions within the coverage on a si ngle volumetric sensor

d.  Locating failures or tampering at individual se nsors

2.3.3   Detection Alarm and Reporting Capacity

Collect, communicate, and display up to 256 sensor zone alarms .

Identify individual sensors in alarm if the sensor zone is a multiple alarm 
source combination.  Annunciate a single alarm with in 2 seconds maximum, 
after sensor transducer or other detection device a ctivation .

2.3.4   False Alarm Rate

The false alarm rate for each interior IDS zone mus t not exceed one false 
alarm per 30-day period.  The false alarm rate for each exterior IDS zone 
must not exceed one false alarm per 24-hour period.

2.3.5   Nuisance Alarm Rate

The nuisance alarm rate for each interior IDS zone must not exceed three 
nuisance alarms per 30-day period.  The nuisance al arm rate for each 
exterior IDS zone must not exceed three nuisance al arms per 24-hour period.
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2.3.6   Premise Control Unit  (PCU)

Install the PCU command processor in a tamper resis tant enclosure that is 
specified in paragraph "Component Enclosure".  Pack age the following with 
the PCU:

a.  Power transformer

b.  Battery(s)

c.  Network connection cable

d.  Keypad(s)

e.  Keypad connection cable(s)

f.  Additional components as required for full func tionality
 
2.3.6.1   PCU Capabilities

Provide the PCU at a minimum but not limited to, th e following capabilities;

a.  Expansion to a total of at least 10,000 user co des with 99 user profile 
definitions.

b.  Support 16 keypads with alphanumeric display.  Each keypad must be 
capable of securing and accessing any system area b ased on a pass code 
or access control card and or key FOB authorization .  Provide keypad 
alphanumeric display with complete prompt messages during all stages of 
operation and system programming and display all re levant operating and 
test data.

c.  Four 4 shift schedules per area.

d.  A total of at least 100 programmable output rel ay schedules.

e.  64 individual reporting areas.

f.  Data line supervision .

g.  Two-man access code or credentials.

h.  Support programming to require the same or diff erent access code 
entered within a programmed delay time of 1 to 15 m inutes after 
disarming before activating a silent ambush alarm.

i.  Support area programming that disables schedule  and time-of-day changes 
while system is armed so that area can only be disa rmed during 
scheduled times.

j.  Provide a minimum of a 4,000 event log buffer p er PCU.  Record and hold 
alarm activity information in the log buffer until the ESS is connected 
and receives the information.  Provide a software-c onfigurable warning 
log buffer filling notification for PCU(s) configur ed with network 
switch capabilities.

k.  Support a Network Interface Card (NIC) plug-in module with built in 
network router capable of 128 Bit AES Rijndael Encr yption process 
certified by NIST (National Institute of Standards and Technology).
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2.3.6.2   Overcurrent Protection and Indication

When overcurrent more than it is rated for is detec ted by the PCU, 
communication bus(es) and keypad(s) are to be shut down and an overcurrent 
notification LED lit to indicate the situation.

2.3.6.3   Manual and Self-Test

All testing from any alphanumeric keypad include te sting for: standby 
battery, alarm bell or siren, and communication to the Security Command 
Center (SCC).  Include provisions for an automatic,  daily, weekly, 30 day, 
or up to 60 day communication link test from the PC U installation site to 
the SCC.  Include a provision for displaying the in ternal system power and 
wiring conditions. 

Include the following for internal monitoring point s:

a.  The bell circuit

b.  AC power

c.  Battery voltage level

d.  Charging voltage

e.  Panel box tamper

f.  Phone trouble line 1

g.  Phone trouble line 2

h.  Transmit trouble

i.  Network trouble

A battery test must be automatically performed to t est the integrity of the 
standby battery by disconnecting the standby batter y from the charging 
circuit and placing a load on the battery.  Perform  this test at an 
interval no greater than 180 days.

2.3.7   Detection Sensors

a.  Sensors are to detect facility perimeter or pro tected zone penetrations 
by unauthorized personnel or intruders and transmit  an alarm signal to 
the alarm annunciation system upon change detection .  Accomplish this 
with a probability of detection (PD) of 0.9 with a 95 percent 
confidence level and conforming to UL 639  where applicable.   

b.  Required sensor power is 12 VDC unless otherwis e specified.

c.  An interior IDS zone is a room or space within a building that can be 
secured and accessed independently from all other z ones.

d.  Provide line supervision for all sensors with a n end-of-line resistor 
at the sensor or within a tampered junction box wit h conduit from the 
junction box to the sensor.

d.  Provide sensors and components rated for operat ion in the installed 
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environment.  The sensors must transmit an alarm si gnal to the alarm 
annunication system upon change detection.  Provide  all sensors with a 
tamper switch and elements housed in a tamper-alarm ed enclosure in 
accordance of paragraph "Component Enclosure".

2.3.7.1   Interior Sensors

2.3.7.1.1   High Security Balanced Magnetic Switch (BMS)

Mount the BMS inside the secure location and on the  opening side of the 
door.  BMS sensors do not have the capability to in corporate an end-of-line 
(EOL) resistor.

2.3.7.1.1.1   Level 1 Switch

UL 634 . Level 1 High Security

2.3.7.1.1.2   Level 2 Switch

UL 634 . Level 2 High Security

2.3.7.1.2   Glass Break Detection

UL 639 .

2.3.7.1.2.1   Window-Mounted Glass Break Shock Sensor

Provide sensors with an LED for adjusting sensitivi ty.

Provide sensor with an exterior label to protect ta pe from direct 
sunlight.  Seismic vibrations or other ambient stim uli are not to initiate 
an alarm.  

2.3.7.1.2.2   Ceiling Or Wall-Mounted Dual Technology Glass Break  Sensor

Provide a sensor that eliminates occupant-generated  false alarms by 
combining a passive infrared motion detector (PIR) with glass break 
sensing.  The combination will extend coverage to o ccupied areas, allowing 
the sensors to be armed while people are present.

2.3.7.1.2.3   Ceiling or Wall-Mounted Recessed Glass Break Sensor

Provide a sensor employing pattern recognition tech nology that listens for 
the actual pattern of breaking glass.  The sensor i s to be able to detect 
the difference from breaking glass and normal room sounds by listening 
across the glass break frequency spectrum.  Provide  a range of  25 feet  to 
cover the area to be protected.

2.3.7.1.3   Vibration Vault Sensor

Provide a sensor that senses short duration, large amplitude signals like 
those produced in attacks from explosions, hammerin g or chiseling and also 
detect long duration, small amplitude signals like those produced in 
attacks from torches, thermic lances, drills, grind ers, or cutting discs.

Provide sensor equipped with a manual and an automa tic test alarm output 
with test indicator not visible or audible during n ormal operations.  The 
test indicator is to annunciate when the sensor det ects an intruder when 
active.  The alarm indication may be located within  the sensor or as a 
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separate device.

2.3.7.1.4   Fiber Optic Mesh Sensors

Fiber optic mesh sensors are to be comprised of a w eb of optical fiber 
cables which are deployed within:

a.  Building walls

b.  Partitions

c.  Flexible structures

d.  Water-side installations

e.  Mobile facilities

f.  Mobile container shells

2.3.7.1.5   Utility Inlet Opening Protection

Provide protection by a sensor of the breakwire typ e consisting of up to 26 
AWG hard-drawn copper wire with a tensile strength of  4 pounds  maximum 
interlaced throughout the opening such that no open ing between wires is 
larger than  4 inches  on center.

 Tamper protect terminated sensors so that any atte mpts to cut the wire or 
enlarge openings between wires cause an alarm.

2.3.7.1.6   Passive Infrared Sensors

UL 639 .

2.3.7.1.7   Microwave Sensors

UL 639 .

2.3.7.1.8   Dual Technology Sensors

UL 639 .  Provide sensor combining passive infrared (PIR) and microwave 
sensors configured and manufactured specifically to  be mounted in a single 
tamper alarmed enclosure.  The sensor must provide "AND" logic for alarm 
indication .  Provide sensors that have a local mea ns of indicating 
detection for use during installation and calibrati on with a means of 
disabling the indication.

The sensor is to have an LED walk test indicator wh ich is not visible 
during normal operations. When visible, the walk te st indicator will light 
when the sensor detects an intruder.  Provide a sen sor equipped with a 
manual control, located within the sensor's housing , to enable and disable 
the test indicator or with the test indicator locat ed within the sensor 
housing so that it can only be seen when the housin g is open or removed.

2.3.7.1.9   Photoelectric Sensors

UL 639 .  The sensor is to detect opaque bodies and not al low an intruder to 
disable detection by shining another light source i nto the receiver.

Provide sensor with a local means of indicating det ection for use during 
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installation and calibration with a means of disabl ing the indication.

2.3.7.2   Exterior Sensors

2.3.7.2.1   Fence Mounted Sensors

Sensors are fiber optic or strain-sensitive cable s ensors as indicated 
which initiate an alarm when an intruder attempts t o scale, cut through, 
lift the fabric of, or lean climbing devices on to the entire length of a 
standard chain link fence or physical barrier.  Pro vide sensors that are 
either tamper alarmed or self-protecting.  House ex terior components in 
rugged, corrosion-resistant enclosures, as specifie d in paragraph COMPONENT 
ENCLOSURES.

Provide fence cable support hardware that is weathe r-resistant.

2.3.7.2.1.1   Fiber Optic Sensor

The sensor consists of an ultraviolet resistant fib er optic transducer 
cable with a microprocessor based dual zone signal processor that is 
capable of monitoring different styles of metal fab ric fencing including 
chain-link, expanded-metal or welded-mesh fence.  T he sensor detects 
intruders by utilizing signals generated by the min ute flexing of the fiber 
optic transducer cable, caused by attempting to cut , climb, or raise the 
fence fabric.

The signal processor analyzes the signals from the fiber optic transducer 
cable and detects minute vibrations in the fabric o f the fence.  The signal 
processor supports single zones with each zone supp orting a maximum  1640 
feet  of sensing cable.  The processor utilizes adaptive  algorithms, ambient 
signal compensation and selectable common-mode reje ction, to discriminate 
between actual, false and nuisance alarms, without lowering the probability 
of detection.  The processor identifies, by type, a  cut intrusion and a 
climb intrusion.  Provide sensors with independent adjustments and 
thresholds for each type of intrusion and have the capability to completely 
mask climb or cut alarms.  Alarms caused by power f ailure, low input 
voltage, cable fault (cable cut or high loss due to  physical stress), or 
internal electronic fault are to be identified as s upervisory alarms.  
Equip the sensor with a test indicator if it is an integral sensor signal 
processor function.

2.3.7.2.1.2   Strain-Sensitive

a.  Provide a complete fenceline protection with no  dead zones where an 
intruder can penetrate the fence.  Through sensor e lectronics the 
fenceline protection must be divided into zones.  S ensing unit of 
sensor must achieve specified performance with tran sducer cable either 
by attachment directly to the fence fabric by plast ic cable every  12 to 
18 inches  or by installation inside RGS conduit mounted on t he fence.  
Provide sensing units with equal adjustable sensiti vity throughout the 
entire length.

b.  Use only conventional waterproof coaxial cable connectors for 
connections of the sensing unit to permit installat ion in extreme EMI 
environments with no loss of detection capability.  Entire sensor 
system must be capable of detecting tampering withi n each system 
portion by sensor zone.   

c.  Provide capability for alarm threshold sensitiv ity adjustment to permit 
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compensation by zone for winds up to  35 mph  while maintaining the same 
level of detection performance as under ambient con ditions.

d.  Sensor zone control unit must provide an analog  audio output for 
interface to an external audio amplifier to permit remote audio 
assessment regardless of sensor alarm status.  Sens or zone control unit 
alarm output interface is to be a separately superv ised relay contact 
normally open or normally closed, with an adjustabl e intrusion alarm 
pulse width of 0.5 second adjustable and a continuo us (until corrected) 
tamper alarm.

2.3.7.2.1.3   Gas Units

Provide gate units in accordance with specific fenc e sensor manufacturer's 
recommendations to ensure continuous fence sensor z one protection for the 
entire protected perimeter.  Provide a gate unit fo r each fence portal.

Provide separately zoned BMS gate sensors when gate  units are not provided 
by the fence sensor manufacturer.  BMS sensors perf orm as specified in 
paragraph HIGH SECURITY BALANCED MAGNETIC SWITCH (B MS).

2.3.7.2.2   Electrostatic Field Sensors

a.  Initiate an alarm when an intruder attempts to approach or scale a 
fence or physical barrier.  Electrostatic field sen sors generate an 
electric field around one or more horizontal wires and sense the 
induced signal in parallel sensing wires to detect human presence.  
Provide sensors that monitor the induced signal for  changes that result 
from the presence of a conductive body or a body wi th a high dielectric 
constant.

b.  Use mounting and support hardware as provided b y the equipment 
manufacturer.

c.  Provide spring tension-mounted wire on end-of-l ine terminators to 
detect cutting, shorting, or breaking of the wires.   Select sensor 
configuration such that an intruder cannot crawl un der the bottom wire, 
through the wires, or over the top wire without bei ng detected and be 
divided into sensor zones.

d.  Sensors must be capable of following irregular contours and barrier 
bends without degrading sensitivity below the speci fied detection 
level.  Adjacent zones must provide continuous cove rage to avoid a dead 
zone and be configured to prevent crosstalk interfe rence.   

e.  Provide filtering on signal processing circuitr y to distinguish 
nuisance alarms.  Sensor configuration is to incorp orate balanced, 
opposed field construction to eliminate far field n oise.

f.  House exterior components in rugged corrosion-r esistant enclosures, 
protected from environmental degradation and provid ed with tamper 
switches.  Use underground cables to interface betw een exterior units.  
Use stainless steel or galvanized exterior support hardware.  Use 
stainless steel sensor and field wires.   

g.  Follow manufacturer's specifications for wire s pacing of various 
configurations.

h.  Provide adjustable sensor sensitivity which is inaccessible to 
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operating personnel.

2.3.7.2.3   Taut-Wire Sensors

a.  Incorporate perimeter intrusion detection senso rs into a barbless wire 
security fence.  Detect intrusion of cutting of any  single wire or the 
deflecting, as by climbing, of any wire by more tha n 3.1 inches .  A 
sensor zone includes one or more  200 feet  maximum sections of  7 foot  
high parallel fence with each sector consisting of 13 horizontal 
tensioned wires attached to the taut-wire fence pos ts, and three 
strands as outriggers, plus an "antiladder" trip wi re supported by rods 
extending from the outriggers for a total vertical height of 
approximately  8 feet .

b.  Mount displacement switches for each horizontal  wire within a prewired 
channel fastened to the fence post at the midpoint of each section.  
Outrigger barbed wire and tripwire may share the sa me switch.  Mount 
each taut-wire fence post to the normal security fe nce (chain link) 
fabric posts or other barrier via standoffs to posi tion the taut-wire 
approximately  6 inches  from the fence fabric or other barrier.  

c.  Mount freestanding taut-wire fence posts in con crete to support the 
taut-wire fence system.  Pretension and clamp each barbless wire strand 
to the lever arm of the displacement switch, such t hat the lever is in 
the neutral (off) position; therefore, the forces a pplied by the 
barbless wires are balanced equal in opposite direc tions.  Pretension 
tripwires in a like manner.  Line tripwires to the top switch in the 
sensor switch channel by a special subassembly that  includes a rod 
which transfers tripwire movement as a lever to the  end of the 
actuating sensor switch's lever arm.

d.  Initiate an alarm upon abnormal switch lever di splacement.  This would 
result from cutting or deflecting its attached wire , as by climbing on 
or through fence strands.  Provide sensor with a da mping mechanism 
which reduces alarm threshold due to slowly changin g phenomena 
including ground shifting, daily and seasonal tempe rature variations, 
and winds up to  35 mph .   

e.  Sensor switch must provide electrical contact c losure as the means for 
initiating an alarm, whenever the wire clamped to t he vertical center 
bolt is pulled laterally in any direction by an amo unt not over  0.75 
inch .

f.  Housing for switch assembly must be covered by a neoprene cap to retain 
the center bolt (lever arm).  This bolt translates attached horizontal 
wire movement into the contact closure.  The bolt f unctions as the 
fulcrum for the lever when the neoprene cap is firm ly seated on the 
cup-shaped polycarbonate housing.

g.  Provide threaded upper exposed end of the lever  to accommodate clamping 
to the horizontal wire.  The lower end of the lever , which is fashioned 
to serve as the movable electrical contact, must be  held suspended in a 
small cup-shaped contact that floats in a plastic p utty material.  The 
plastic putty is to retain a degree of elasticity u nder varying 
temperature conditions and provide the sensor switc h with a 
self-adjusting property.  This provides the switch with a built-in 
compensating mechanism that ignores small, very slo w changes in lever 
alignment (which may result from environmental chan ges including 
extreme temperature variations and ground creepage due to weather 
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conditions) and to react to fast changes only, as c aused by manual 
deflection or cutting of the wires.

h.  Provide metal slider strips having slots throug h which the barbed wires 
pass with rivets that prevent the wires from leavin g the slots.  The 
slider strip must translate horizontal displacement  forces normal to 
the barbed wire to the sensor.  Install one slider strip pair, upper 
and lower, on every fence post except where sensor posts or anchor 
strips are installed.  Provide maximum separation b etween slider 
elements along the fence of  10 feet .

i.  Attach barbless wires to installed fence anchor  posts, located 
equidistant on both sides of sensor posts and at en ds of sensor zone 
run.  Install fastening plates on an anchor strip.  Weld strip or 
otherwise attach the strip to anchor post and ends of tensed barbed 
wires wrapped around the fastening plates.  Fasteni ng plates are to 
break off when climbed upon or on the attached barb less wires creating 
an alarm and making it impossible to defeat the sys tem by climbing at 
the anchor post.

j.  Use barbless wire suitable for installation und er a preload of 
approximately  88 pounds  tension and be flexible enough for convenient 
manipulation during tensioning.  The minimum accept able double-strand 
barbed wire gage is 15-1/2.

k.  Sensor zone control unit must monitor up to 10 zones.

l.  Provide sensor with relay outputs to interface alarm outputs with the 
overall ESS.  Input power is 120 VAC.

2.3.7.2.4   Dual Technology Sensors

a.  Provide dual technology sensor that combines Mi crowave and Dual PIR 
into one single all-weather detector.  Use the sens or in extreme 
outdoor conditions to provide the maximum amount of  coverage in a 
horizontal plane.

b.  The sensor must come mounted in an industrial-g rade housing as 
specified in paragraph COMPONENT ENCLOSURE.  Provid e pan-tilt swivel 
bracket with swivel within 100 degrees of range and  tilt within 10 
degrees.  The swivel bracket is to allow for calibr ation into 1 degree 
segments for adjustment to any environment.

c.  The sensor must provide either wide angle or lo ng range detection by 
change of optical mirrors.  Wide angle coverage mus t detect intrusion 
out to  49 feet  and long range coverage out to  130 feet .  Provide 
sensors that allow adjustment masks for wildlife im munity for animals 
up to  99 pounds .

2.3.7.2.5   Bistatic Microwave Sensor

a.  Provide sensor equipped with circuitry that pro duces an alarm signal 
when the sensor's receiver is captured by another m icrowave 
transmitter.  Multiple sensors must be able to oper ate in adjacent 
zones without interfering with each other.  Provide  sensors with 
adjustable sensitivity controls within the sensor t hat are not 
accessible when the sensor housing is in place.  Pr ovide sensors that 
can be adjusted in order to obtain the designed cov erage pattern.
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b.  The bistatic microwave sensor is to consist of a separate transmitter 
and receiver.  The sensor detects changes from a st andard intruder's 
movement in the received microwave signal sensor's detection pattern.  
The sensor transmits an alarm signal to the alarm a nnunciation system 
upon detecting such changes.  The sensor must detec t a standard 
intruder moving perpendicular through the sensor's detection pattern at 
a speed of  0.2 to 25 fps .

c.  Equip the sensor with an LED walk test indicato r which is not visible 
during normal operations.  When visible, the walk t est indicator is to 
light when the sensor detects an intruder.  Provide  sensors equipped 
with a manual control, located within the sensor's housing, to enable 
and disable the test indicator or with the test ind icator located 
within the sensor housing so that it can only be se en when the housing 
is open or removed.

2.3.7.2.6   Monostatic Microwave Sensor

a.  Multiple sensors must be able to operate in adj acent zones without 
interfering with each other.  Provide sensors with adjustable 
sensitivity controls within the sensor that are not  accessible when the 
sensor housing is in place.  The sensor must be adj ustable to obtain 
the coverage pattern shown and have range cut off c apabilities of field 
selected distance  100 to 400 feet .

b.  The monostatic microwave sensor must consist of  an integrated 
transceiver.  The sensor detects changes from a sta ndard intruder in 
the received microwave signal sensor's detection pa ttern.  The sensor 
must transmit an alarm signal to the alarm annuncia tion system upon 
detecting such changes.  The sensor must detect a s tandard intruder 
moving perpendicular through the sensor's detection  pattern at a speed 
of  0.2 to 25 fps .

c.  The sensor is to be equipped with an LED walk t est indicator which is 
not visible during normal operations.  When visible , the walk test 
indicator is to light when the sensor detects an in truder.  Provide 
sensors equipped with a manual control, located wit hin the sensor's 
housing, to enable and disable the test indicator o r with the test 
indicator located within the sensor housing so that  it can only be seen 
when the housing is open or removed.

2.3.7.2.7   Passive Infrared Sensor (Exterior)

a.  UL 639 .  The passive infrared sensor must detect movement  from a 
standard intruder in the ambient level of infrared emissions within the 
sensors's field of view.    

b.  The sensor is to detect a change in temperature  of at least  2 degrees F  
and detect an intruder traveling within the sensor' s detection pattern 
at a speed of  0.6 to 50 fps  across 2 adjacent segments of the field of 
view.  The sensor must have a detection range of at  least  300 feet .  
Emissions monitored by the sensor must be in the 8 to 14 micron range.

c.  Provide sensors that can be adjusted in order t o obtain the designed 
coverage pattern.  The sensor is to be equipped wit h a temperature 
compensation circuit.

d.  The sensor is to be equipped with an LED walk t est indicator which is 
not visible during normal operations.  When visible , the walk test 
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indicator is to light when the sensor detects an in truder.  Provide 
sensors equipped with a manual control, located wit hin the sensor's 
housing, to enable and disable the test indicator o r with the test 
indicator located within the sensor housing so that  it can only be seen 
when the housing is open or removed.

2.3.7.2.8   Buried Ported Cable

The buried ported cable to monitor for changes in t he electromagnetic field 
between the leaky coax transmit and receive cables within the sensor's 
detection pattern to detect standard intruder movem ent.  The sensor must 
transmit an alarm signal to the alarm annunciation system upon detecting 
such changes.  Provide sensors that detect a standa rd intruder moving 
through the sensor's detection pattern at a speed o f  0.2 to 25 fps .

Provide ported coaxial transmission and receive cab les rated for direct 
burial.  Provide sensors to obtain the designed cov erage pattern with 
adjustable sensitivity to  3 feet  length by controls within the sensor 
signal processor. Controls must not be accessible w hen the sensor signal 
processor's housing is in place.  Equip the sensor with a test indicator if 
it is an integral sensor signal processor function.

2.3.7.2.9   Active Infrared Sensor (Exterior)

a.  The active infrared sensor detects a light beam  interruption that links 
the transmitter and receiver caused by an intruder moving at a speed of 
less than  7.5 fps  through the beam.  The sensor must transmit an ala rm 
signal to the alarm annunciation system upon detect ing such an 
interruption.   

b.  The sensor must use a pulsed infrared light sou rce.  Multiple sensors 
must be able to operate within the same zone withou t interfering with 
each other.  Provide sensors to obtain the designed  coverage pattern 
with adjustable sensitivity with controls located w ithin the sensor 
signal processor and not accessible when the sensor  signal processor's 
housing is in place.

c.  The sensor is to be equipped with an LED walk t est indicator which is 
not visible during normal operations.  When visible , the walk test 
indicator is to light when the sensor detects an in truder.  Provide 
sensors equipped with a manual control, located wit hin the sensor's 
housing, to enable and disable the test indicator o r with the test 
indicator located within the sensor housing so that  it can only be seen 
when the housing is open or removed.

d.  The sensor may incorporate remote test if it is  an integral sensor 
function .

2.3.7.2.10   Video Motion Sensor (Exterior)

Provide a video motion sensor to detect changes in the video signal within 
a user defined detection zone as described in parag raph VIDEO ANALYTICS.  
The system must detect changes in the video signal corresponding to a 
standard intruder moving within the defined detecti on zone and wearing 
clothing with a reflectivity that differs from that  of the background scene 
by a factor of 2.  Provide signal processing techni ques to eliminate 
non-alarm background motion including light changes , trees blowing, and 
birds.  Provide sensor with controls and method nee ded by the operator to 
define and adjust the sensor detection zone within the video picture.
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Video motion sensor system must operate using digit al cameras .  The number 
of detection zones, the size of the detection zones , and the sensitivity of 
the detection zones are to be user definable.  Prov ide sensors that 
accommodate multiple video inputs and have the capa bility of modular 
growth.  The video inputs must accept composite vid eo.  The sensor must not 
require external sync for operation.  Provide one a larm output for each 
video input.  Provide number of video inputs and al arm outputs as required 
for an operable system.  Rack-mount sensor equipmen t in a standard rack as 
described in paragraph EQUIPMENT RACK with hardware  includes as required to 
mount the sensor components.

2.3.7.2.11   Radar

The radar system must provide intruder detection to  2300 feet .  Provide 
monostatic type unit in which the transmitter and r eceiver are encased 
within a single housing unit (transceiver).  The ra dar is to be equipped 
with a signal processor that is programmed to recog nize reflected energy 
from the normal environmental surroundings, and eli minate those objects 
relative to alarm.  Provide unit with the capabilit y of preprogramming 
specific parameters, size and speed, above which an  alarm signal is 
generated.

The system is to provide alarm information to the E SS in order to identify 
specific zones of concern to include range and azim uth information, as a 
minimum.  The information must have the capability of integrating with CCTV 
systems, to "call" the cameras to a particular view  for alarm 
verification.  The system is to be able to retrofit  with existing CCTV or 
other detection systems.  After radar system instal lation, post warning 
signs indicating radiation hazard as recommended by  the manufacturer.

2.3.7.3   Duress Alarms (Hold Up Switch)

UL 636 .  Duress alarm switches must provide the means for  an individual to 
covertly notify the alarm annunciation system that a duress situation 
exists with no visible or audible signal in the sec ure area. 

2.3.7.3.1   Hardwire Duress Alarms

Alarms must be capable of being secretly activated by the foot or hand of 
an average adult in both standing and seated positi ons.  Upon activiation 
the alarm signal is to lock-in until manually reset  with a key or similar 
device and be readily identifiable by the ESS.

Provide sensors that are easy to operate and config ured to minimize the 
possibility of accidental activation.  Hardwire dur ess alarms must be rated 
for a minimum lifetime of 50,000 operations.  Secur ely mount sensors in 
rugged, corrosion-resistant housing.

2.3.7.3.2   Wireless Duress Alarms

Wireless duress alarm switches to consist of portab le alarm transmitters 
easily worn on the body or clothing.  Alarm activat ion is to be by 
hand-operated switch protected from accidental acti vation, yet easily 
activated by hand when worn at the waist on body or  clothing which 
transmits a unique identification code to one or mo re receivers located 
within a protected zone.  The receivers, in-turn, a re to transmit an alarm 
signal to the ESS system.  
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Provide switches rated for a minimum lifetime of 50 ,000 operations and have 
a range of at least  2500 feet .  Wireless switches must be fully supervised, 
where the transmitter automatically transmits (chec ks in) to the receiver 
on a regular basis to test the system for low batte ry, tamper, and inactive 
status.

2.3.7.4   Tamper Switches

a.  Corrosion-resistant tamper switches are require d for the following IDS 
and CCTV equipment with hinged doors or removable c overs that contain 
open circuits:

(1) Enclosures

(2) Cabinets

(3) Housings

(4) Boxes

(5) Raceways

(6) Fittings

(7) Sensors

b.  Tamper switches are to initiate an alarm signal  when the door or cover 
is moved as little as  1/4 inch  from the normally closed position.  
Mechanically mount tamper switches to maximize defe at time when 
enclosure covers are opened or removed.  One second  is the minimum 
amount of time required to depress or defeat the ta mper switch after 
opening or removing the cover.  Enclosure and tampe r switch must 
prevent direct line of sight to internal components  and prevent switch 
or circuit tampering.  Conceal mounting hardware so  switch cannot be 
observed from enclosure exterior.  

c.  Tamper switches on doors which are opened to ma ke normal maintenance 
adjustments to the system and to service power supp lies must  have a 
maintenance position.  

2.3.7.4.1   Tamper Switch Performance Requirements

Tamper switches are to be:

a.  Inaccessible until switch is activated.

b.  Under electrical supervision at all times, irre spective of the 
protection mode in which the circuit is operating.

c.  Annunciated to be clearly distinguishable from intrusion detection 
alarms and exempt from being disarmed, shunted, or silenced.

d.  Spring-loaded and held in the closed position b y the door, or cover 
protected.

e.  Wired to break the circuit when the door or cov er is disturbed.

f.  Wired so that each sensor and device is annunci ated individually at the 
central reporting processor.
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2.4   ACCESS CONTROL SYSTEM (ACS)

Provide an access control system based upon a modul ar distributed 
microprocessor architecture complete with access co ntrol cards and ready 
for operation.   

a.  The ACS card credentials are required to be Com mon Access Cards (CAC), 
and CAC cards are being provided by the Government.     Provide ACS that 
meets the communications requirements of UL 1076  and UL 294  and has the 
capability of controlling up to 16 card readers and  keypads per card 
reader controller, 512 alarm inputs, or 512 relay o utputs or any 
components combination.

b.  System is to grant or deny access or exit based  upon:

(1) Keypad identification data

(2) PIV card identification data

(3) Video

(4) Biometric reader identification data

(5) Smart card identification data

(6) Identification technologies combination

(7) Input through the access control devices compar ed to data stored 
within the system

(8) Time of day, day of week, and special day and h oliday scheduling 
with card validation override.

c.  Decision to grant or deny access or exit is to be based upon 
authorization for such data to be input at a specif ic location for the 
current time period.  

d.  Provide ACS that supports the configuration and  simultaneous monitoring 
of multiple access control devices when TCP/IP comm unication interfaces 
are used between the ESS and the primary Access Con trol Unit (ACU).  
The events of the ACS are to be viewable as separat e or as a combined 
list of all ESS events.  Provide overall control of  the ACS, alarm 
monitoring, and photo identification through softwa re control of the 
ESS.

e.  Access control, photo imaging, and programming data must reside on a 
single database and instantly accessible to every n etworked PC 
workstation connected to the ESS.

f.  Provide both supervised and non-supervised alar m point monitoring.

g.  Provide the capability to arm or disarm alarm p oints both manually and 
automatically by time of day, day of week or by ope rator command and 
the capability to disarm alarm points based on a va lid access event.  

i.  Provide programmable 'delay' setting for all al arm points.  The alarm 
points are not to report an ENTRY type alarm until the delay setting 
has expired and not report a dwell type alarm condi tion until the alarm 
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has been active for the full delay period.

j.  Provide the capability to place ACU(s) in an of f-line mode.  In the 
off-line mode, the ACU(s) must retain a historical summary of all ACU 
activity transactions, up to the maximum capacity o f the ACU memory 
buffer.  Provide the ability for manual operator co ntrol of system 
output relays with the manual functions to energize , de-energize, 
enable or disable.   

2.4.1   ACS Programming

Provide software capable of, but not limited to, th e following programming:

2.4.1.1   Time Schedules

Provide up to 256 user-definable time schedules.  T hese time schedules are 
to determine the day(s) and times that access will be granted or a 
scheduled event is to occur.  Any and all of the ti me schedules are to be 
available for defining access privileges and schedu led events.  Provide 
ALWAYS and NEVER schedules that cannot be altered o r removed from the 
system.  Each user-defined time schedule must have the option of reacting 
or not reacting to user-defined special days, with the ability to react 
uniquely to each type of special day.

2.4.1.2   Special Days

Provide an unlimited number of user definable speci al days to be used for 
configuring exceptions to the normal operating rule s, typically for 
specifying holiday operating rules.  Allow for each  special day to be 
assigned to a user-defined type.

2.4.1.3   ACU Daylight Savings Time Adjustment

Provide a software-configurable, user defined adjus tment for Daylight 
Savings Time.  The ACU must not need to be connecte d to a PC workstation in 
order for the adjustment to occur.

2.4.1.4   Scheduled Events

Any access controlled reader is to be capable of sc heduled unlock periods 
to allow for card-free access.  The access controll ed reader is to also be 
capable of requiring one valid access event before beginning a scheduled 
unlock period.

Any access control point is to be capable of requir ing a valid card as well 
as a PIN code via keypad on a scheduled basis for h igh security areas.  The 
use of PIN via keypad functions must not reduce the  number of card readers 
or alarm points available in the ACU(s).  Any desig nated alarm input must 
be able to be scheduled Secured and Accessed.  Any relay output must be 
capable of scheduled ON and OFF periods to allow fo r automatic input and 
output system control.

2.4.1.5   Maximum User Capability

Up to 64,000 individual users may be given access c ards or codes and have 
their access controlled and recorded.
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2.4.1.6   Access Groups

Each system user must be assignable to a maximum of  4 of 256 possible 
access groups.  An access group is defined as one o r more people who are 
allowed access to the same areas at the same days a nd time periods.

2.4.1.7   Active and Expire Dates

Any card or user may be configured with activation and expiration dates.  
The card can be assigned to any valid access group and will be activated 
and expired according to the specified dates.

2.4.1.8   Maximum Use Settings

Any card or user may be configured with maximum num ber of uses for that 
card.  The card can be assigned to any valid access  group and will be 
expired according to the specified number of card u ses.

2.4.1.9   Door Outputs

Provide each access control reader with one dedicat ed relay outputs.  Both 
relays are to provide Normally Open and Normally Cl osed contacts.  Use the 
first relay for electric lock control while the sec ond is software 
configurable to activate for door forced open, door  left open too long, 
duress, passback violations, invalid access attempt s and valid unlock 
conditions.  Allow for both relays to be separately  programmable for 
energize times from 1 second to 10 minutes.  The se cond relay must allow a 
delay time to be specified, causing its activation to be delayed after an 
activating condition occurs.

2.4.1.10   User List or Who's In (Muster Reports)

Provide the capability to generate dynamic lists of  users in certain 
access-controlled areas, based either upon selected  users or selected 
areas.  The lists must have the option of automatic ally refreshing after a 
user-selected interval of time.

2.4.1.11   Crisis Mode

Provide support for a "crisis mode", in which user- selected alarm point 
activations cause changes to user access privileges .  The changes to user 
access privileges must be configurable to restrict normal access to no 
access or limited access.

2.4.1.12   Door Groups

Allow up to 256 door groups to be configured.  Door s belonging to the same 
group are be able to be locked, unlocked, disabled,  and enabled on command 
from the ACS.

2.4.1.13   Door Interlocking

Allow a group of doors to be software configured so  that if any door in the 
group is unsecure, all other doors are automaticall y disabled.  This 
feature is also known as a "mantrap" configuration.   The interlocking 
features must not require the ACS to be on-line for  proper operation.
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2.4.1.14   PIN Required

Provide support for the required use of a keypad co de, in addition to a 
valid credential during user-selected schedules.

2.4.1.15   Remote Door Control

Provide the ESS operator the capability of manually  controlling any access 
point by issuing a simple command from the ACS.  Pr ovide the operator the 
ability to lock, unlock, enable, and disable any do or or Door Group in this 
manner.  This activity is to cause an entry to be l ogged displaying the 
door name, number and time that it was performed.

2.4.1.16   Key Control

When interfaced with an approved key-control system , the system is to allow 
users to deny access to certain doors for any users  who have keys in their 
possession.

2.4.1.17   Reader Disable

Provide support for disabling readers in reaction t o a user-selected number 
of invalid access attempts.  

2.4.1.18   Disable Event Messages

Allow users to disable user-selected event messages  (Door Forced Open, Door 
Open Too Long, Door Closed, Request to Exit) for us er-selected doors.  
Allow users to disable certain messages (Door Force d Open, Door Open Too 
Long) according to a user-selected schedule.

2.4.1.19   Input and Output Groups

Allow for up to 256 user-defined (input and output)  groups to be defined.  
Each Input device is to be able to be linked to the se groups for arming, 
disarming, shunting and unshunting as well as outpu t control.

2.4.1.20   Delays

Each alarm device must allow a delay to be specifie d which is either an 
entry type or a dwell type.  An entry-type delay is  to prevent the input 
from issuing an alarm event until the delay elapses .  If unarmed during the 
delay period, the alarm is to be ignored.  A dwell- type delay requires the 
input to remain in the alarm state for the full del ay duration before 
issuing an alarm.

2.4.1.21   Output Configuration

Allow each output relay to be software configurable  as:

(1) Follows

(2) Latch

(3) Timeout

(4) Scheduled

(5) Timeout Re-triggerable
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(6) Limit

(7) Counter

Allow for a time schedule to automatically control the activiation and 
de-activation of the Scheduled type with all other types configured to 
activate based on input and output group conditions .  Additionally, a time 
schedule must be specified to configure when the ou tput is to actively 
monitor the input and output groups.

2.4.1.22   Remote Output Control

Provide the operator the capability of manually con trolling any output 
point by issuing a simple command from the SCC.  Ba sed upon the output 
type, provide the ESS operator the ability to ENABL E, DISABLE, turn ON and 
turn OFF any output in this manner.  A FOLLOWS type  output must not be 
capable of being turned OFF or ON.  Log an entry wh en this activity is 
performed displaying the output name and time perfo rmed.  Manual control of 
outputs are not permissible in ICS 705-1  applications.

2.4.1.23   Remote Reset Command

Provide the capability for any ACU to reset manuall y or by command issued 
from the ACS with the option of simulating the ACU reset settings, or 
forcing a reset type as specified by the user.  The  remote reset command is 
not to cause the ACU to degrade its level of protec tion to any access 
points defined.

2.4.1.24   Time Zone

Allow the user to select the time zone in which the  ACU is located, so that 
event times displayed for that ACU will match the l ocal time where the ACU 
is located.

2.4.1.25   User-Selected LED Behavior

Allow the user to select different behaviors for th e LEDs of each access 
controlled reader.

2.4.1.26   Traced Cards

Provide the capability of selecting any number of c ardholders for the 
purpose of limiting reports to only traced users di splaying all traced 
cardholder events in a user-selected alternate colo r.

2.4.2   Error and Throughput Rates

Rates must be portal to portal performance averages  obtained when 
processing individuals one at a time.  Features are  not to reduce 
capability to meet throughput requirements when ser ial verification 
techniques or multiple attempts are required to sat isfy error performance 
requirements.

A Type I error denies access to an authorized enrol led individual.  A Type 
II error grants access to an unauthorized individua l.  Subsystem Type I and 
Type II error rates must both be less than 0.1 perc ent.  At the error 
rates, subsystem access throughput rate must be min imum of 12 individuals 
per minute through one card reader and keypad acces s control device.
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2.4.3   Access Control System Central Processing

a.  Provide serial management and control of system  processing.  Provide a 
microprocessor control device able to monitor and c ontrol units and up 
to 32 card reader and keypad access control devices .  Central processor 
must interrogate and receive responses from each AC U within 100 
milliseconds.  Failure to respond to an interrogati on is to cause an 
alarm.   

b.  Provide the central processor with a Ethernet i nterface port to 
communicate with the printer.  Provide an operator interface to control 
system operating functions.  Provide the central pr ocessor with a 
facility-tailorable data base for a minimum of 1000  cardholders with 
by-name alphanumeric printout, and for automated ID S monitoring, 
management, and control functions.   

c.  Provide enrollment equipment as required in par agraph ENROLLMENT CENTER 
EQUIPMENT.  

d.  Provide system configuration controls and elect ronic diagnostic aids 
for subsystem setup and troubleshooting with the ce ntral processor.  
Components are not to be accessible to operations p ersonnel and must be 
tamper alarmed.

2.4.4   Access Control Unit (ACU)

UL 294 .  Provide micro-processor based ACU with all acces s and input and 
output decisions to be made by the individual ACU(s ).  Provide modular 
solution which will allow for present security requ irements and the 
capability to expand.  Configure all field ACU pane ls to intercommunicate 
via  or , TCP/IP or .  Equip all field ACU(s) with a tamper contact. 

Designate one ACU as "Primary", responsible for all  ACS-to-ACU 
communications.  All other ACU(s) up to a maximum o f 256 are to be 
designated as "Secondary" and communicate with the "Primary" via an , or .  
Provide ACU capable of, but not limited to, the fol lowing:

a.  Built-in surge suppression circuitry on plug-in  modular circuit boards 
with surge suppression, configured as an integral c omponent of the 
system and self-sacrificing in the event of extreme  surges or spikes.

b.  Capable of supporting at least 2 ports and be e xpandable in increments 
of two ports up to a maximum of 16 ports per ACU.

c.  Each port configured by ACS to support any one of the following 
peripheral devices:  

(1) Card reader

(2) Alarm Monitoring Module

(3) Output Relay Module

(4) Elevator Reader

(5) Elevator Output Module

Any device combination can be supported on each ACU , up to a total of 16
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 devices per ACU.

d.  Capability of supporting multiple card reader t echnologies 
simultaneously, including:  

(1) Keypad

(2) Card and Keypad

(3) PIV compatible

(4) Biometrics

This capability must be an integral part of the ACU  and will not 
require special external equipment.

e.  Built-in battery back-up of programmed informat ion sustainable for a 
period of at least 90 days.

f.  Powered by a 12 VDC power source rated at a min imum of 2 amperes with a 
battery back-up for complete system operation in th e event of power 
failure.  Provide battery backup for all ACU(s) to sufficiently power 
the ACU for 8 hours continuous service.

g.  Electric strikes, other locking devices and anc illary peripherals on a 
separate power supply with battery back-up for cont inued operation in 
the event of power failure as specified in paragrap h "Backup Power".

h.  A minimum of a 10,300 event log buffer per ACU to record and hold 
access and alarm activity information until the ACS  is connected and 
receives the information.  Provide a software-confi gurable warning log 
buffer filling notification for ACU(s) configured w ith network switch 
capabilities.

2.4.5   Access Control Devices

UL 294 .  The card, card reader, and panels must meet encr yption 
requirements that are specified in paragraph DATA E NCRYPTION.  Devices are 
to be tamper alarmed, tamper and vandal resistant, and solid state, 
containing no electronics which could compromise th e access control 
subsystem should the subsystem be attacked.

2.4.5.1   Card Readers

Provide surface, , , or weatherproof mountable card  readers as indicated 
for each individual location.  Provide contact type  card readers capable of 
reading Keypad type of access control cards.

Keypads must contain an alphanumeric and special sy mbols keyboard with 
symbols scramble type.  Provide keypad integrated i nto the card reader.

2.4.5.1.1   Contact Card Readers

Provide contact card readers that can read credenti al PIV cards whose 
characteristics of size and technology meet those d efined by 
ANSI ISO/IEC 7816  and are in compliance with NIST FIPS 201-2 .

Provide readers with "flash" download capability to  accommodate card format 
changes and the capability of reading the card data  and transmitting the 
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data, or a portion thereof, to the ESS control pane l.

2.4.5.1.2   Contactless Card Readers

Provide contactless card readers that can read cred ential PIV cards whose 
characteristics of size and technology meet those d efined by 
ANSI ISO/IEC 7816  in close proximity to the card reader and are in 
compliance with NIST FIPS 201-2 .

Provide readers with "flash" download capability to  accommodate card format 
changes and the capability of reading the card data  and transmitting the 
data, or a portion thereof, to the ESS control pane l.

2.4.5.1.3   Card Reader Display

Provide card readers with an LED or other visual in dicator display which 
indicate power ON and OFF and whether user passage requests have been 
accepted or rejected.

2.4.5.1.4   Card Reader Response Time

The card reader is to respond to passage requests b y generating a signal to 
the local processor.

2.4.5.1.5   Card Reader Power

Power the card reader from the source as shown on t he drawings.  The card 
reader must not dissipate more than 5 Watts.

2.4.5.1.6   Card Reader Mounting Method

Provide card readers suitable for surface, , , or m ounting as required.

2.4.5.2   Keypads

Entry control keypads are to use unique alphanumeri c and other symbol 
combinations as an identifier.  Keypads must contai n an integral 
alphanumeric and special symbols keyboard with symb ols arranged in random 
scrambled order.  Communications protocol is to be compatible with the 
local processor.

2.4.5.2.1   Keypad Display

Keypads are to include an LED or other type of visu al indicator display and 
provide visual status indications indicating power ON and OFF and whether 
user passage requests have been accepted or rejecte d.

The maxiumum horizontal and vertical viewing angles  are to be limited by 
the keypad display or enclosure.  The maximum horiz ontal viewing angle must 
be no more than plus and minus 5 degrees off a vert ical plane perpendicular 
to the plane of the face of the keypad display.  Th e maximum vertical 
viewing angle must be no more than plus and minus 1 5 degrees off a 
horizontal plane perpendicular to the plane of the face of the keypad 
display.

2.4.5.2.2   Keypad Response Time

The keypad is to respond to passage requests by gen erating a signal to the 
local processor.
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2.4.5.2.3   Keypad Power

Power the keypad from the source as shown on the dr awings.  The keypad must 
not dissipate more than 5 Watts.

2.4.5.2.4   Keypad Mounting Method

Provide keypads suitable for surface, , , or weathe rproof mounting as 
required.

2.4.5.2.5   Keypad Duress Codes

Provide a means for users to indicate a duress situ ation by entering a 
special code into the keypad.

2.4.5.3   Card Readers with Integral Keypad

Equip contact and contactless card readers with int egral keypads as 
specified in paragraph "Keypads".

2.4.5.4   Access Control Cards

Provide cards with the capability of modification a nd lamination during 
enrollment process without readability reduction fo r use as a picture and 
identification badge.  Cards must contain binary co ded data arranged in a 
scrambled pattern as a unique identification code s tored on or within the 
card and of the type readable by the subsystem card  readers.  Include a 
non-duplicated unique facility access control subsy stem identification code 
common to access control cards within the card bina ry data.  

2.4.5.4.1   Credential Card Modification

Provide entry control cards that can be modified by  lamination or direct 
print process during the enrollment process for use  as a picture and 
identification badge as needed for the site without  readability reduction.  
Credential cards must allow adding at least one slo t or hole for a clip 
affixing the credential card to the type badge hold er used at the site.

2.4.5.4.2   Card Size and Dimensional Stability

Provide credential cards that are  2-1/8 x 3-3/8 inches .  The credential 
card material must be dimensionally stable so that an undamaged card with 
deformations resulting from normal use is readable by the card reader.

2.4.5.4.3   Card Materials and Physical Characteristics

Provide credential cards that are abrasion resistan t, non-flammable, and 
present no toxic hazard to humans when used in acco rdance with 
manufacturer's instructions.  The credential card a re to be impervious to 
solar radiation and the effects of ultra-violet lig ht.

2.4.5.4.4   Card Construction

Provide credential cards of core and laminate or mo nolithic construction.  
Hot stamp into material or direct print onto letter ing, logos and other 
markings.  
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2.4.5.4.5   Card Durability and Maintainability

The credential cards must yield a useful lifetime o f at least 5 years.  The 
credential card must be able to be cleaned by wipin g the credential card 
with a sponge or cloth wet with a soap and water so lution.

2.4.5.4.6   Warranty

Include a minimum 3-year warranty.

2.4.5.5   Portal Control Devices

Portal control devices must meet the requirements i n Section 08 71 00  DOOR 
HARDWARE.

2.4.5.5.1   Push-Button Switches

a.  Provide momentary contact, back lit push button s and stainless steel 
switch enclosures for each push button.  Provide sw itch enclosures 
suitable for surface mounting as required and push buttons suitable for 
flush mount in the switch enclosures.  The push but ton switches are to 
meet the requirements of NEMA 250 for the area in which they are to be 
installed.   

b.  Where multiple pushbuttons are housed within a single switch enclosure 
stack vertically with each push button switch label ed with  1/4 inch  
high text and symbols.  The push button switches ar e to be connected to 
the local processor associated with the portal to w hich they are 
applied and operate the appropriate electric strike , electric bolt or 
other facility release device.   

c.  The continuous current of the IDS circuit is to  be no more than 50% of 
the continuous current rating of the device supplie d.  Provide push 
button switches with double-break silver contacts t hat will make 720 VA 
at 60 amperes and break 720 VA at 10 amperes.

2.4.5.5.2   Panic Bar

Include panic bar emergency exit hardware on emerge ncy exit doors as 
indicated.  Provide an alarm shunt signal from the panic  bar emergency 
exit hardware to the appropriate local processor.  Provide panic bar 
compatible with mortise- mount door hardware and op erate by retracting the 
bolt.

2.4.5.5.2.1   Emergency Egress With Alarm

Include a conspicuous warning sign with  1 inch  high, red lettering 
notifying personnel that an alarm will be annunciat ed if the panic bar is 
operated.

Panic bar hardware operation is to generate an intr usion alarm.  The panic 
bar must depend upon a mechanical connection only a nd not depend upon 
electric power for operation, except for local alar m annunciation and alarm 
communications.

2.4.5.5.2.2   Normal Egress

Panic bar hardware operation is not to generate an intrusion alarm.  The 
panic bar must depend upon a mechanical connection only when exiting.  
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Provide the exterior, non-secure side of the door w ith an electrified thumb 
latch or lever to provide access after the credenti al I.D. authentication 
by the ESS.

Signal Switches:  Strikes/bolts are to include sign al switches indicating 
to the system when the bolt is not engaged or the s trike mechanism is 
unlocked.  The signal switches are to report a forc ed entry to the system.

2.4.5.5.2.3   Delay Egress With Alarm

Include a conspicuous warning sign with  1 inch  high, red lettering 
notifying personnel that an alarm will be annunciat ed if the panic bar is 
operated.

Delay operation 15 seconds after initiation for por tal control devices.

2.4.5.5.3   Electric Door Strikes and Bolts

Configure electric door strikes and bolts to remain  secure in case of power 
failure using DC power to energize the solenoids.  Incorporate end-of-line 
resistors to facilitate line supervision by the sys tem.  Install 
metal-oxide varistors (MOVs) to protect the control ler from reverse current 
surges if not incorporated into the electric strike  or local controller.  
Electric strikes must have a minimum forcing streng th of  2300 pounds .

2.4.5.5.3.1   Solenoid

The actuating solenoid for the strikes and bolts fu rnished must not 
dissipate more than 12 Watts and operate on 12 VDC.   The inrush current 
must not exceed 1 ampere and the holding current mu st not be greater than 
500 milli-amperes.  The actuating solenoid must mov e from the fully secure 
to fully open positions in not more than 500 millis econds.

2.4.5.5.3.2   Tamper Resistance

The electric strike and bolt mechanism is to be enc ased in hardened guard 
barriers to deter forced entry.

2.4.5.5.3.3   Size and Weight

Electric strikes and bolts are to be compatible wit h standard door frame 
preparations.

2.4.5.5.3.4   Mounting Method

Provide electric strikes and bolts suitable for use  with single and double 
door installations, with mortise- type hardware as indicated, and 
compatible with right or left hand mounting.

2.4.5.5.3.5   Astragals

See Section 08 71 00  DOOR HARDWARE for Astragal lock guards.

2.4.5.5.4   Electrified Mortise Lock

Configure electrified mortise locks to remain secur e in case of power 
failure using DC power to energize the solenoids.  Provide solenoids rated 
for continuous duty.  Install metal-oxide varistors  (MOVs) to protect the 
controller from reverse current surges if not incor porated into the 
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electric strike or local controller.

2.4.5.5.4.1   Solenoid

The actuating solenoid for the mortise locks furnis hed must not dissipate 
more than 12 Watts and operate on 12 VDC.  The inru sh current must not 
exceed 1 ampere and the holding current must not be  greater than 500 
milli-amperes.  The actuating solenoid must move fr om the fully secure to 
fully open positions in not more than 500 milliseco nds.

2.4.5.5.4.2   Hinge

Provide an electric transfer hinge with each mortis e lock in order to get 
power and monitoring signals from the lockset to th e door frame.

2.4.5.5.4.3   Size and Weight

Electrified mortise locks are to be compatible with  standard door 
preparations.

2.4.5.5.4.4   Mounting Method

Provide electrified mortise locks suitable for use with single and double 
door installations.  The lock would be in the activ e leaf and the fixed 
leaf would be monitored in double door installation s.

2.4.5.5.5   Electromagnetic Lock

Electromagnetic locks are to contain no moving part s and depend solely upon 
electromagnetism to secure a portal by generating a t least  1200 pounds  of 
holding force.  Interface the lock with the local p rocessors without 
external, internal or functional local processor al teration.  Incorporate 
an end-of-line resistor to facilitate line supervis ion by the system.  
Install MOVs to protect the controller from reverse  current surges if not 
incorporated into the electromagnetic lock or local  controller.  Provide in 
accordance of ANSI/BHMA A156.23 .

2.4.5.5.5.1   Armature

The electromagnetic lock is to contain internal cir cuitry to eliminate 
residual magnetism and inductive kickback.  The act uating armature must 
operate on 12 VDC and not dissipate more than 12 Wa tts.  The holding 
current must be not greater than 500 milli-amperes.   The actuating armature 
must take not more than 300 milli-seconds to change  the status of the lock 
from fully secure to fully open or fully open to fu lly secure.

2.4.5.5.5.2   Tamper Resistance

The electromagnetic lock mechanism is to be encased  in hardened guard 
barriers to deter forced entry.

2.4.5.5.5.3   Mounting Method

rovide electromagnetic lock suitable for use with s ingle and double door 
installations with mortise- type hardware as indica ted, and compatible with 
right or left hand mounting.
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2.4.5.5.6   Entry Booth

a.  Entry booths are to be constructed as an integr al part of the physical 
structure of the boundary for the area or facility to which entry is 
being controlled.  The entry booth is to automatica lly lock the high 
security side door's electric strike and bolt or ot her facility 
interface release device and automatically open the  low security side 
door's electric strike or other facility interface release device in 
case of power failure.

b.  Connect entry booths to the SCC and include a l ocal processor.  The 
entry booth local processor subsystem are to suppor t paired card 
readers on a single entry booth for anti-pass back functions.

2.4.5.5.6.1   Local Alarm Annunciation

Provide local alarm annunciation for all system equ ipment located within 
the entry booth itself and its associated portals o r zones and terminal 
devices and a means to enable and disable this feat ure from the SCC under 
operator control.

2.4.5.5.6.2   Terminal and Facility Interface Device Support

The entry booth local processor subsystem is to sup port the full range of 
system terminal and facility interface devices as s pecified.

2.4.5.5.6.3   Response Times

The entry booth local processor subsystem must resp ond to a SCC 
interrogation within 100 milliseconds.  The entry b ooth local processor is 
to respond to valid passage requests from its assoc iated terminal devices 
by generating a signal to the appropriate electric strike and bolt within 
100 milliseconds after verification.

2.4.5.5.6.4   Autonomous Local Control

In the event of a communication loss, the entry boo th local processor 
subsystem must automatically convert to autonomous local control and 
monitoring of its associated card readers, keypads,  electric strike and bolt
 and automatically revert to central control upon c ommunication 
restoration.  Transactions occurring during the com munications outage are 
to be recorded and retained in local memory and rep orted to the central 
database files upon communication restoration withi n 10 seconds.

2.4.5.5.6.5   Entry Booth Local Processor Subsystem Capacities

As a minimum, the entry booth local processor subsy stem is to have 
sufficient capacity to control and monitor a combin ation of 6:

a.  Card readers

b.  Keypads

All entry control identification decisions and cont rols are to be performed 
by the local processor subsystem.  The entry booth local processor 
subsystem must provide a local transaction history file with capacity to 
store at least 1000 entry control transactions with out losing any data.
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2.4.5.5.6.6   Diagnostics

Provide built-in diagnostics implemented in softwar e, firmware, or 
hardware.  The booth is to automatically execute a series of built-in tests 
and report equipment malfunctions, configuration er rors, and inaccuracies 
to the SCC each time the entry booth local processo r subsystem is started 
up or re-booted.  The system must annunciate a fail -safe alarm if the local 
processor fails the built-in diagnostics.  Provide diagnostic aids within 
the entry booth local processor subsystem to aid in  system set-up, 
maintenance, and troubleshooting.

2.4.5.5.6.7   Memory Type and Size

Data entered is to be stored for a minimum of 1 yea r in the absence of 
power from external source to the entry booth.

2.4.5.5.6.8   Tamper Protection

The local processor subsystem is to monitor all ser vice entry panels for 
tamper.  Tamper lines must not be accessible except  through tamper 
protected entry panels.  Provide entry panels with key locks.  Provide the 
capability to take the booth off-line for service.

2.4.5.5.6.9   Entry Booth Configuration

Provide a closed-in structures suitable for occupan cy by 1 person with a 
personnel passage area, equipment storage, a low se curity entry or exit 
door and a high security entry or exit door.  Confi gure with paired card 
readers , 1 each, on the high security entry or exi t door and low security 
entry or exit door; a key release switch outside th e low security door; a 
glass break type emergency release switch.  Both do ors to the entry booth 
are to be normally secured.

2.4.5.5.6.10   Entry Booth Operation

a.  Configure to allow passage requests to be initi ated from only 1 door at 
a time.  During emergency situations both doors mus t have the 
capability to able to be opened at the same time.  The person is to be 
allowed entry to the booth by presenting valid cred ential card to the 
card reader or keypad identification code data to t he keypad device.  
An unsuccessful attempt to enter the booth are to g enerate an entry 
denial alarm.   

b.  Incorporate a personal identity verification de vice as specified, and 
grant the person egress from the booth after succes sful personal 
identity verification.  The entry booth is to confi ne the person and 
generate an entry control alarm if the person fails  the personal 
identity verification test.  The local processor is  to grant the 
person's passage request if all provided data is va lid.  

c.  The person is to be confined if a tamper alarm is generated by any of 
the equipment associated with the subject entry boo th while a person is 
inside.  Operating the glass break type emergency r elease switch is to 
command the entry door electric strike and bolt rel ease to the fully 
open position or with a delay after the egress door  has been confirmed 
secured.  The person may exit through the door used  for entry once 
inside the entry booth and prior to personal identi ty verification test 
initiation.
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2.4.5.5.6.11   Display Type

Include an LED or other type of visual indicator di splay and provide visual 
status indications and person prompts.  The display  is to indicate power 
on/off, and whether enrollee passage requests have been accepted or 
rejected.  Provide 3 status lights outside each doo r indicating entry booth 
status by marking:

a.  Green light indicates READY

b.  Amber light indicates BUSY

c.  Red light indicates INOPERATIVE

2.4.5.5.6.12   Lighting

Provide lights recessed above an acrylic light diff user in the ceiling of 
the entry booth.  Provide a separate light source w ithin the overhead 
lighting fixture assembly to provide emergency ligh ting in case of a power 
failure.

2.4.5.5.6.13   Heating and Ventilation Equipment

Include built-in heating and cooling equipment to s ustain the specific 
operating temperature range for the electronic equi pment installed.

2.4.5.5.6.14   Entry Booth Wall and Frame Construction

Provide a rigid structure with the strength of the walls greater than or 
equal to 12-gauge steel with  1 inch  standing seams.  All glass is to be at 
least  5/16 inch  laminated, annealed glass and meeting UL 972  certification 
requirements.  The entry booth must meet flame spre ad rating 25 or less, 
fuel contribution of 50 or less, smoke development of 50 or less, in 
accordance with test method ASTM E84.

Provide entry booths constructed to minimize the he ating effects of solar 
radiation, by using the manufacturer's standard cle ar, tinted or bronzed 
glass with over-hanging roofs or other structural m eans to shade the 
windows.

2.4.5.5.6.15   Entry Booth Doors

Doors must be at least  35 inches wide, by 79 inches high  with glass panels 
at least  31 inches wide, by 74 inches high .  Provide door hinges and 
closers with adjustments for vertical, horizontal, and torque.  Provide an 
inside push bar, and an outside mechanical pull han dle.  Aluminum parts are 
to be anodized finish.

2.4.5.5.6.16   Entry Booth Floor Construction

Provide entry booth with a rigid floor covered by a  rubber mat or indoor or 
outdoor carpeting.  The rubber mat or carpet must b e at least  1/16 inch  
thick and provide a continuous floor covering witho ut seams.

2.4.5.5.6.17   Electrical Requirements

The entry booth, including associated terminal and facility interface and 
other type of devices housed within the entry booth  must not dissipate more 
than 1500 Watts.  Provide booth with an integral ba ttery back-up system.  
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The battery back-up system must power the entry con trol devices and 
electric strike and bolt for at least 30 minutes.  The doors to the booth 
are to be secured , and the booth must go into an i noperative status if AC 
power is not restored to the booth within 30 minute s.  Upon AC power 
restoration, the booth is to upload all entry trans actions from the local 
processor subsystem to the SCC.

2.4.5.5.6.18   CCTV Camera

Design and configure the CCTV camera for continuous  operation and  transmit 
video information to the local video recorder as sp ecified and designed.

2.4.5.5.6.19   Weight Check Monitor

Provide a weight check monitor which continuously m onitors the weight of 
the booth plus any occupant.  The weight check moni tor is to consist of 
synchronized, matched, electronic load cells locate d at the base of the 
entry booth and be connected to the local processor  subsystem.  The weight 
check monitor must be accurate to within plus or mi nus  5 pounds .  Configure 
the entry booth to compensate for side loading to p revent damage to the 
load cells by the passage of equipment through the booth.  Include 
individual weights for each user in the reference d atabase files as part of 
the enrollment process.  Provide a method to enter a custom, predefined 
tolerance on valid weights of authorized persons.

Automatically update each person's weight profile b ased upon the last three 
uses of entry control booths.  Generate an entry co ntrol alarm for any 
passage attempt for which the person's weight does not agree with system 
reference database file data and confine the person .  The weight check 
monitor is not to increase the portal door threshol d height by more than  
1/4 inch .

2.4.5.5.6.20   Double Occupancy Sensor

Incorporate a sensor connected to the local process or subsystem which 
monitors the entire occupant area to detect attempt s at double occupancy.  
A double occupancy sensor activation is to generate  a system alarm and 
confine the enrollees.

2.4.5.5.6.21   Intercom

Provide three combination speaker and microphones t o provide 2-way 
communications at each speaker and microphone locat ion.  The speakers must 
be at least  4 inches  in diameter.  Locate twoof the speakers and 
microphones at the high and low security entry or e xit doors, behind 
louvered panels, to provide communications for peop le outside the booth.  
The third speaker and microphone is to be located i nside the booth behind a 
perforated metal screen above the personal identity  verification device to 
provide communications for people inside the booth.   Connect each of the 
speakers and microphones to the operator console at  the SCC and to the 
voice prompt system as indicated.

2.4.5.5.6.22   Voice Prompts

Include a voice prompt system using human voice com mands to speed up the 
entry control process and improve throughput rate.  This audible prompt 
system is to respond to the next sequential activit y requirement as each 
employee accesses the booth.  All commands are to b e stored in electrically 
programmable read only memory chips located in the local processor 
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subsystem.  The voice prompts are to only be direct ed to the speaker and 
microphone nearest the employee.  Use the voice pro mpts only if the 
employee does not perform the next step in the entr y booth entry control 
process within a 5 second time window.  The SCC mus t be able to enable and 
disable of voice prompts and adjustment of the time  window under operator 
control.

2.4.6   Elevator Control

2.4.6.1   Control Elevator Operation with Entry Control Termi nal Devices

The elevator's standard control equipment, componen ts, and actuators have 
to serve as the facility interface.  System compone nts and subsystems must 
interface with standard elevator control equipment without elevator control 
equipment modification.  The system is to provide a  means to define access 
controlled floors of a facility, deny access to the se floors by 
unauthorized individuals, and implement all other s ystem functions as 
specified.

2.4.6.2   Floor Tracking

Deploy the elevator control system in such a manner  as to provide "floor 
tracking" reports where the system records the indi vidual's floor selection 
when elevator control is in effect.

2.5   CLOSED-CIRCUIT TELEVISION (CCTV) SYSTEM

Select system components that conform to the Open N etwork Video Interface 
Forum ( ONVIF) specification.  Provide compatible UL listed CCTV  components 
to provide visual assessment of ESS alarms automati cally upon alarm or upon 
SCC operator selection.  Otherwise, the subsystem i s to continuously 
display the coverage area.  Display alphanumeric ca mera location ID on all 
monitors.  Provide the number of alarm monitors as required.  The scene 
from each camera must appear clear, crisp, and stab le on the respective 
monitor during both daytime and nighttime operation .  Provide component 
equipment that minimizes both preventive and correc tive maintenance.  
Provide components from a single manufacturer or ju stify mixing 
manufacturer components and demonstrate compatibili ty in submittal 
information.

2.5.1   Cameras

2.5.1.1   CCTV Camera

Provide cameras of digital fixed, pan-tilt-zoom (PT Z), or panoramic type as 
identified on the drawings.

a.  Day-Night Color fixed, PTZ or panoramic cameras  are to be used in all 
outdoor environments.  Standard fixed, PTZ, or pano ramic cameras are to 
be used for all indoor applications except when bac klighting issues are 
observed.  Use Day-Night cameras or standard camera s with backlighting 
compensation for backlighting or high contrast appl ications.

b.  Provide PTZ cameras with a direct drive motor a ssembly.  Belt driven 
PTZ camera units are not acceptable.  Equip PTZ cam eras with a slip 
ring assembly having an optical interface and be ra ted for continuous 
duty.  PTZ cameras have to be fully integrated unit s.  The pan-tilt 
mechanism must be an integral part of the camera.
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c.  Provide cameras that operate over a voltage ran ge of 12 VDC VAC at 60 
Hz Power over Ethernet (PoE) IEEE 802.3 .

d.  All cameras must be constructed to provide rigi d support for electrical 
and optical systems so that unintentional changes i n alignment or 
microphonic effects do not occur during operation, movement, or lens 
adjustments.

e.  Video Frame Rate: 30 frames per second (fps)

f.  Minimum essential requirements for cameras incl ude the following:

2.5.1.1.1   Sensitivity

Minimum Illumination:  0.08 foot-candles  at F1.4 color mode;  0.01 
foot-candles  at F1.4 in the B&W mode.

2.5.1.1.2   Signal-To-Noise Ratio

Show a signal-to-noise ratio of not less than 50 de cibels (dB) at Automatic 
Gain Control (AGC) "Off", weight "On".

2.5.1.1.3   Resolution

Provide a minimum of 2.1 megapixel resolution.  The  imager must have a 
minimum of 1920 horizontal x 1080 picture in progre ssive scan format.  
Resolution is to be maintained over the specified i nput voltage and 
frequency range, and not vary from minimum specific ation over the specified 
operating temperature range.

2.5.1.1.4   Synchronization 

Provide cameras that have internal and line lock.

2.5.1.1.5   Low Light Level

Provide Day-Night cameras that have a B-W mode that  may be automatically 
engaged on low light level and permit the use of an  external infrared 
illuminator.  Electronic removal of the color signa l is not acceptable.  
The camera must have an infrared cut filter capable  of being removed 
automatically upon low light threshold or manually.

2.5.1.2   Camera Lenses

Camera lenses are to be all glass with coated optic s.  Provide lens mount 
that is C or CS mount, compatible with the cameras selected .  Provide lens 
with the camera that have a maximum f-stop opening of f/1.2 or the maximum 
available for the focal length specified.  The lens  is to have an auto-iris 
mechanism unless otherwise specified.  Lenses havin g auto iris, manual 
iris, or zoom and focus functions are to be supplie d with connectors, 
wiring, receiver and driver units, and controls as needed to operate the 
lens functions.  Provide lenses with sufficient cir cle of illumination to 
cover the image sensor evenly.  Lenses are not to b e used on a camera with 
an image format larger than the lens is configured to cover.  Provide lens 
with focal lengths as indicated or specified in the  manufacturer's lens 
selection tables.
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2.5.1.3   Camera Housing and Mounts

The camera and lens are to be enclosed in a tamper resistant housing 
installed on a camera support.  Any ancillary housi ng mounting hardware 
needed to install the housing at the camera locatio n is to be provided as 
part of the housing.  The camera support must be ca pable of supporting the 
mounted equipment and withstanding wind and ice loa ds normally encountered 
at the site.

2.5.1.3.1   Environmentally Sealed Camera Housing

The housing is to provide an environment needed for  camera operation and be 
condensation free; dust and water tight; keep the v iewing window free of 
fog, snow, and ice, and be fully operational in 100  percent condensing 
humidity.  Provide housing equipped with a sunshiel d. Both the housing and 
sunshield are to be white.  Purge the housing of at mospheric air and 
pressurized with dry nitrogen, equipped with a fill  valve, overpressure 
valve, and include a humidity indicator visible fro m the exterior.  Housing 
must not have a leak rate greater than  2 psi  at sea level within a 90 day 
period.

Provide housing equipped with supplementary camera mounting blocks or 
supports needed to position the camera and lens to maintain the proper 
optical centerline.  All electrical and signal conn ections required for 
camera and lens operation are to be supplied.  Prov ide a mounting bracket 
as part of the housing which allows weight adjustme nt to center the weight 
of the assembly.

2.5.1.3.2   Indoor Camera Housing

Provide housing with a tamper resistant enclosure f or indoor camera 
operation and with the proper mounting brackets for  the specified camera 
and lens.  The housing and appurtenances color are not to conflict with the 
building interior color scheme.

2.5.1.3.3   Interior Mount

Provide camera mount suitable for either wall or ce iling mounting and have 
an adjustable head for mounting the camera.  The wa ll mount and head must 
be constructed of aluminum or steel with a corrosio n-resistant finish.  
Provide adjustable head with 360 degrees of pan and  plus or minus 90 
degrees of tilt.

2.5.1.3.4   Low Profile Ceiling Mount

Provide tamperproof ceiling housing which is low pr ofile and suitable for 
use in  2 by 2 foot  ceiling tiles.  The housing must be equipped with a 
camera mounting bracket and allows a 360 degree vie wing setup.

2.5.1.3.5   Interior Dome Housing

The dome housing is to be capable of being mounted by pendant, pole, 
ceiling, surface, or corner as shown on the drawing s.  The lower dome is to 
be black opaque acrylic and have a light attenuatio n factor of not more 
than 1 f-stop.  Provide housing with:

a.  Integral pan-tilt complete with wiring

b.  Wiring harnesses
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c. Connectors

i.  Permanent lubrication

j.  Motors that are thermally or impedance protecte d against overload 
damage.

k.  Any other hardware and equipment as needed to p rovide a fully 
functional pan-tilt dome.  Provide pan movement of 360 degrees and tilt 
movement of at least plus or minus 90 degrees.  Pan  speed must be at 
least 20 degrees per second and tilt speed be at le ast 10 degrees per 
second.

2.5.1.3.6   Exterior Dome Housing

Provide dome housing capable of being mounted by pe ndant, pole, ceiling, 
surface, or corner as shown on the drawings and con structed to be dust and 
water tight, and fully operational in 100 percent c ondensing humidity.  
Purge the housing of atmospheric air and pressurize  with dry nitrogen.  
Provide a fill valve and overpressure valve with a pressure indicator 
visible from the exterior.  The housing is to be eq uipped with 
supplementary camera mounting blocks or supports as  needed to position the 
specified camera and lens to maintain the proper op tical centerline.

Provide all electrical and signal connections requi red for camera and lens 
operation.  The housing is to provide the environme nt needed for camera 
operation.  The lower dome is to be black opaque ac rylic with a light 
attenuation factor of not more than 1 f-stop.  Prov ide housing with:

a.  Integral pan-tilt complete with wiring

b.  Wiring harnesses

c. Connectors

i.  Permanent lubrication

j.  Motors that are thermally or impedance protecte d against overload 
damage.

k.  Any other hardware and equipment as needed to p rovide a fully 
functional pan-tilt dome.  Provide pan movement of 360 degrees and tilt 
movement of at least plus or minus 90 degrees.  Pan  speed must be at 
least 20 degrees per second and tilt speed be at le ast 10 degrees per 
second.

2.5.1.3.7   Exterior Wall Mount

Provide exterior camera wall mount that is  16 inches  long, and has an 
adjustable head for mounting the camera.  The wall mount and head must be 
constructed of aluminum, stainless steel, or steel with a 
corrosion-resistant finish.  Provide adjustable hea d for at least plus and 
minus 90 degrees of pan, and at least plus and minu s 45 degrees of tilt.  
If to be used in conjunction with a pan-tilt, provi de bracket without the 
adjustable mounting head, and a bolt hole pattern t o match the pan-tilt 
base.
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2.5.1.3.8   Pan-Tilt Mount

a.  Provide pan-tilt mount capable of supporting th e camera, lens, and 
housing specified that is weatherproof and sized to  accommodate the 
camera, lens and housing weight plus maximum wind l oading encountered 
at the installation site if the pan-tilt is to be m ounted outdoors.  
Provide pan-tilt with:

(1) Heavy duty bearings

(2) Hardened steel gears

(3) Externally adjustable limit stops for pan and t ilt

(4) Mechanical, dynamic, or friction brakes

(5) Permanent lubrication

(6) Motors that are thermally or impedance protecte d against overload 
damage.

b.  Provide pan movement of 360 degrees pan rotatio n, a minimum tilt 
movement of plus and minus 90 degrees.  Manual pan speed must be a 
minimum of 0 to 80 degrees per second , and a minim um tilt speed of 10 
degrees per second .  A minimum automatic pan speed  of 280 degree per 
second and tilt speed of 160 degree per second .

c.  The pan-tilt is to be supplied complete with wi ring, wiring harnesses, 
connectors, receiver-driver, pan-tilt control syste m, pre-position 
cards, or any other hardware and equipment as neede d to provide a fully 
functional pan-tilt mount to fulfill the site desig n requirements.

2.5.1.3.9   Explosion Proof Housing

The explosion proof housing must meet the requireme nts in paragraph 
"Component Enclosure" for hazardous locations.  Con figure housing to 
provide a tamper resistant enclosure and supply wit h the proper mounting 
brackets for the specified camera and lens.

2.5.2   Thermal Imaging System

IP Thermal Cameras

a.  Provide an integrated thermal imaging device in  an environmental 
enclosure.

b.  Provide a native digital image from the image s ensor to the IP video 
stream.

c.  Provide of an uncooled, sun-safe amorphous sili con micro bolometer, 
long-wavelength infrared (LWIR) camera capable of 6 40 x 480 and 384 x 
288 resolution formats.

d.  Provide a temporal Noise Equivalent Temperature  Difference (NETD) below 
50mK at f/1.0 capable of multiple display formats i ncluding white hot, 
black hot, and rainbow.

e.  Allow for input voltage of 24 VAC, , .
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f.  Provide a built-in heater and defroster and sun  shroud in accordance of 
paragraph "Component Enclosure".

g.  Support two simultaneous, configurable video st reams.  MJPEG and H.264 
compression formats that are available for primary and secondary 
streams with selectable Unicast and Multicast proto cols.  The streams 
are to be configurable in a variety of frame rates,  bit rates, and 
group of pictures (GOP) structures.

h.  Use a standard Web browser interface for remote  administration and 
camera parameter configurations.

i.  Provide a 100Base-TX network port for live stre aming to a standard Web 
browser. 

j.  Provide built-in video analytics.

2.5.3   Video Analytics (VA)

2.5.3.1   Software

Provide capability range from basic activity detect ion to the search 
through databases to pre-empt serious incidents.  T he VA is to provide 
graphic identified movement identification, user-se lectable monitored 
areas, compensation for environmental movement, and  other features 
specified when provided as a capability of the DVR .  Provide the following 
feaures:

2.5.3.1.1   Basic Motion Detection

a.  Adaptive Motion  

b.  Abandoned Object

c.  Object Removal

d.  Camera Sabotage
 

e.  Directional Motion  

f.  Object Counting

g.  Loitering Detection

h.  Stopped Vehicle

2.5.3.1.2   Advanced VA

2.5.3.1.2.1   Intruder Identification

This refers to identifying unauthorized humans in s pecified areas within 
the field of view.

2.5.3.1.2.2   Environmental Compensation

Recognizing and ignoring wind-blown debris, animals , background traffic, 
and so on.

SECTION 28 10 05  Page 46



HAFB B591 Renovation HAFBB591FACILITY

2.5.3.1.2.3   Counting

This refers to recognizing a quantity of a particul ar object moving or 
activity performed.

2.5.3.1.2.4   Directional Identification

This refers to the ability to ignore objects moving  in one direction, while 
alarming for objects moving in unauthorized directi ons.

2.5.3.1.2.5   Item Recognition

This refers to activation when specific user-select ed items are removed 
from, placed in, or passed through the field of vie w.

2.5.3.1.2.6   Subject Tracking

Highlighting and following a specific person or ite m as it moves about the 
field of view, or from the field of view of one cam era to another.

2.5.3.1.2.7   Multiple Subject Tracking

Highlighting and following multiple persons or item s simultaneously as they 
move about the field of view, or from the field of view of one camera to 
another.

2.5.3.2   Embedded VA

2.5.3.2.1   Intelligent Video Analysis

a.  Provide camera capable of processing and analyz ing video within the 
camera itself, with no extra hardware required.

b.  The camera is to be capable of detecting and se nding alarms for 
abnormal events.

c.  The camera is to be configurable to analyze up to 10 different scenes 
for one or more of the following events:

(1) Line Crossing

(2) Loitering

(3) Idle Object

(4) Removed Object

(5) Conditional Change

(6) Trajectory Tracking

(7) Filters

d.  The camera is to allow users to set up to 10 se parate profiles and 
switch profiles based on a day, night, or holiday s chedules.

e.  The camera is to support scene tours that autom atically reposition the 
camera to each scene for a specified duration.
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f.  The camera is to incorporate an Alarm Rule Engi ne, enabling abnormal 
events that VA detects to prompt the camera to take  one or more actions:

 (1) Trigger a relay connected to an alarm siren, st robe, or both.

 (2) Trigger a visual alert to be displayed on the o perator's screen.

  (3) Go to a specified scene (preset position).

2.5.3.2.2   Motion Tracking with PTZ Cameras

a.  The camera is to offer Intelligent Tracking to continuously track an 
object using pan, tilt, and zoom actions.

b.  The camera is to provide automatic motion track ing using intelligent 
video analytics.  

c.  Provide camera with the ability to follow an ob ject continually when 
passing behind a privacy mask.  

d.  Provide camera with the ability to restart trac king if a target starts 
moving in the same area where the initial target st opped moving or if 
the camera detects an object moving along the last known trajectory.

e.  The camera is to allow an operator to select an  object to track in the 
live image view.

2.5.4   Color Video Monitors

Except as specified, provide video monitors that:

a.  Are rated for continuous operation and incorpor ate printed circuit 
board modular construction.

b.  Have printed circuit modules that are easily re placeable.

c.  Use solid-state devices for electronic circuits .

d.  Are constructed to provide rigid support for el ectrical systems so that 
unintentional changes in alignment or microphonic e ffects will not 
occur during operation or movement.

e.  Incorporate circuit safety margins of not less than 25 percent where 
possible, with respect to power dissipation ratings , voltage ratings, 
and current carrying capacity.

f.  Have a diagonal viewing angle that nominally me asures  24 inches  for 
monitors, LED displays.

g.  Provide adequate safeguards to protect personne l from exposure to line 
voltage during operation or adjustment.

h.  Have at least the following essential requireme nts:

(1) Resolution for LED monitors to be:  17 inch monitors - 1280x1024, 
500 TV lines (maximum);  20.1 inch  monitors - 1600x1200 (maximum)

(2) Geometry:  No point in the active raster is to deviate from its 
correct position by more than 2 percent of raster h eight.

SECTION 28 10 05  Page 48



HAFB B591 Renovation HAFBB591FACILITY

2.5.4.1   Mounting and Identification

a.  Mount monitors and other devices to facilitate easy replacement.

b.  The printed circuit board functions and compone nt numbers or markings 
are to be easily read.

c.  Mount monitors in a desk top console.

d.  Protect monitors from circuit overloads by fuse  or fuses in the power 
source line.  Mount power source line fuses in fing er-operated 
extractor fuse posts.  Fuse holders are to be locat ed in a readily 
accessible position.

2.5.4.2   Video and Signal Input

Monitors are to operate with video input requiring a one HDMI nominal 
composite video signal switchable to either loop-th rough or internal 75-ohm 
terminating impedance.

Signal input connectors must be HDMI type.

2.5.5   Ancillary Equipment

Equipment is to consist of the items specified belo w:

2.5.5.1   Video Date and Time Generator

The video time and date is to originate from either  the camera, video, 
video recorder, or time server.

2.5.5.2   Camera Identifiers

Label video signal from each camera using alphanume ric identifiers.  Camera 
alphanumeric identifiers may originate from either the camera or the video 
recorder.

2.5.5.3   Video Recording

2.5.5.3.1   Digital Video Recorder (DVR)

Provide DVR with 8 or 16 video channels.  The DVR w ill record all cameras 
onto a hard drive and allow remote network viewing via internet browser.  
Hard drive capability must be sized to store all ca meras recording 24 hour 
a day, 7 days a week at 3 frames per second per cam era for 2 weeks.

2.5.5.3.2   Hybrid Video Recorder (HVR)

Provide HVR with a maximum of 8 or 32 analog video channels and a maximum 24
 or 32 analog and IP cameras. The HVR will record a ll cameras onto a hard 
drive and allow remote network viewing via internet  browser.  Hard drive 
capability must be sized to store all cameras recor ding 24 hours a day, 7 
days a week at 3 frames per second per camera for 2  weeks.

2.5.5.3.3   Network Video Recorder (NVR)

a.  Provide NVR with an integral software ESS-CCTV server function.  
Dedicated CCTV monitors and authorized computers ne tworked to the NVR 

SECTION 28 10 05  Page 49



HAFB B591 Renovation HAFBB591FACILITY

are to be capable of viewing recorded and live vide o from the network.  
The NVR is to be able to record and transmit video with up to 30 fps at 
maximum camera resolution.  The NVR is to network w ith and utilize 
smaller, non-server computers at off-site camera lo cations as local 
recorders.

b.  Provide NVR with the capability to de-warp live  and recorded images.

c.  The storage memory capacity of the NVR (includi ng local recorders) is 
to be sufficient to store a minimum of 30 days of v ideo at 3 fps, 2.1 
megapixel resolution and be expandable for an incre ased capacity of 5 
and be capable of including Redundant Array of Inde pendent Disc (RAID) 
arrays 0 .   

d.  The NVR must have the capacity to address and p rocess up to 8 or 128 
dual-streaming cameras.  The NVR must record all ca meras onto a hard 
drive and allow remote network viewing via internet  browser.  Hard 
drive capability must be sized to store all cameras  recording 24 hours 
a day 7 days a week at 3 frames per second per came ra for 4 weeks.

2.5.5.3.4   Video Recording Performance

 The video recording performance is to be as follow s:

a.  The DVR is to use modular hard disk media, with  a digital format 
capacity of 250GB per module.

b.  Provide a 4 channel triplex video multiplexer c apable of performing 
encoding, recording and multiscreen viewing modes s imultaneously.  
Provide 4 channels of live, simultaneous video imag es in which all  
channels are refreshed at 3 frames per second.

c.  Provide a 10-100Base-T  connection for record review and camera view and 
control that is compatible for a PC workstation equ ipped with latest , 
Internet Browser Software.

d.  PC workstation Viewing:  Include direct access from the ESS PC 
workstations to each DVR via a Microsoft Internet E xplorer Web 
Browser.  All necessary descriptive bookmarks and s hortcuts are to be 
prepared on each PC workstation to allow this direc t access.  All 
functions are to be accessible through HTML command s from a user's web 
browser interface.  Pictures are to be available fo r attachment via a 
user-provided SMTP-based email transport system, an d included 
capability for 16 users and 3 user access levels (a dmin, control and 
user).

e.  Include sampling at 720(H) by 480(V) and 320(H)  by 240(V) (Pixel 
Memory) with 3 frames per second and 3-D scan conversion to enabl e 
jitter-free stabilized pictures in a single frame.  Modes include:

(1) Emergency

(2) Event

(3) Schedule

(4) Manual Recording

f.  Each camera is to support individual Recording Rate and Image Quality 
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settings for each mode (Emergency, Event, Schedule and Manual 
Recording).  This array of Camera Recording Rate an d Image Quality 
settings by the Recording Modes is to form one of f our Program 
Actions.  The Program Action is to be assignable to  a Time Table to 
form one of 16 Independent Recording Profiles.  All ow each Recording 
Profile to be manually activated, activated via RS- 232C interface, 
automatically activated by Time Table, or activated  by separate alarm 
or emergency inputs.

g.  Digital display on the monitor and also recordi ng of the following 
information to included:

(1) Year

(2) Month

(3) Day

(4) Hour

(5) Minute

(6) Second

(7) Alphanumeric camera location ID up to 8 charact ers.  The DVR is to 
feature video loss detection on all channels.

h.  Pre-event recording:  Buffer at least 20 second s of pre-event pictures 
simultaneously for all individual camera channels.

i.  Motion-based Recording:  Advanced integrated VM D is to be used to 
detect a specific area, direction and motion durati on for each camera 
channel, independently and simultaneously.  Motion Search may be 
executed for a single camera channel for a selected  area on the image.

j.  Disk Partitioning:  Provide within the DVR an a utomated disk management 
and a RTOS (real-time operating system) platform to  include a minimum 
of 4.8 TB of digital video storage on a single part ition.  

The video recording system is to provide a choice o f Physical 
Partitioning as RAID 0 or Disk Mirroring redundant array recording.  
Allow the operator to be able to partition the avai lable recording 
areas in a Virtual Partition by Regular, Event, and  Copy Partitions.  
Manually and Scheduled recorded video information i s to be assigned to 
a Regular Recording Partition, which may be overwri tten.  Event and 
Emergency Recording Data is to be assignable to an Event Partition, 
where image overwriting is be prohibited.  Any copi ed data is to be 
able to be assigned to the Copy Partition, which ma y be overwritten or 
saved as required.

k.  Playback:  Permit direct camera selection for r ecording playback of any 
of 4 video sources at the same time as multiscreen viewing and 
multiplexed camera encoding (triplex multiplexer ca pability).

l.  Multiplexer Functions:  Include an integral, pr ogrammable switcher with 
programmable dwell time and camera order that autom atically switches 
multiple camera images to enable sequential spot mo nitoring and 
simultaneous field recording.  Provide switcher wit h separate spot, 
multiscreen, multiscreen-RGB, and cascaded video mo nitor outputs. The 
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unit must have full screen, 4 multiscreen monitorin g modes.
 

m.  Outputs  

(1) Provide via BNC female connections 4 looping ou tputs for all video 
source connections to external monitoring systems i ncluding 
multiscreen and spot monitor video outputs.  

(2) Provide via RCA phone jacks four channels of au dio connection, 
including audio loop through.

(3) Provide via High Speed (480 Mbps) serial interf ace one External 
Storage connection.   

(4) Provide via High Speed (480 Mbps) serial interf ace one External 
Copy connection.  

(5) Provide two independent Video Outputs assignabl e to Multiscreen .   

(6) Provide one Cascade output for connecting 3 add itional digital 
video recorders for centralized control using a sin gle video 
monitor.   

(7) Provide virtual camera number programming capab ility to support 64 
camera channels on a single system.  

(8) Provide one independent RGB Video output, capab le of monitoring 
all DVR functions.

n.  All camera selection buttons are to have Tri-St ate Indication, 
corresponding to Recording, Viewing and Control fun ctions on actual DVR 
hardware.  PC emulation is not an acceptable altern ative.  Furnish the 
following indicators:

(1) Alarm

(2) Alarm Suspend

(3) Operate

(4) HDD1, Hard drive identifier

(5) Timer and Error indicators

(6) Camera Selection

(7) Iris

(8) Preset

(9) Camera Automatic Mode

(10) Pan-Tilt

(11) Set

(12) Jog Dial

(13) Shuttle Dial
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(14) Setup-Esc

(15) Record

(16) Search

(17) Play-Pause

(18) Pan-Tilt Slow

(19) Stop

(20) Pan-Tilt Go to Last

(21) Zoom-Focus

(22) A-B

(23) Repeat

(24) Shift

(25) Alarm Reset Buttons

o.  Networking:  All DVR recording, review, playbac k, camera control and 
setup are to be available via the internally mounte d Network 
Interface.  A 10-100Base-T connection for record re view and camera view 
and control will be required on a personal computer  equipped with 
Internet Browser Software and an Ethernet 100Base-T  connection.  Permit 
direct camera selection for recording playback of a ny of 4 video 
sources at the same time as multiscreen viewing and  multiplexed camera 
encoding (triplex multiplexer mode).  Support a min imum of 8 
simultaneous clients viewing and 2 simultaneous FTP  sessions.

p.  Power:  The video recording equipment must have  a power source of 120 
VAC at 60 Hz.

2.5.5.4   Camera Control

Provide access to camera functions and control for all cameras via the 
multiplexer for all camera control, set-up and alar m functions, including 
preset sequence, digital motion detector mask set, and back light 
compensation set-up.  Controllable camera functions  are to be accessible 
via front panel controls or the optional system con troller.  These 
functions are to include:

(1) Direct access of preset position

  (2) Zoom (near/far)

  (3) Focus (near/far)

  (4) Iris (open/close)

  (5) Pan (left/right)
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2.5.6   Camera Mounting Structures

Provide camera mounting structures designed specifi cally for CCTV cameras.  
The structure is to accommodate appropriate wiring pathways for power and 
communication as well as proper grounding and surge  protection.  Design 
loads for the camera mounting structure must confor m to TIA-222  and all 
applicable addendums of the TIA standard.  Allowabl e pole deflection is 
determined from the point of the camera mount and m ust not exceed 0.5 
percent of the pole height under adjusted maximum w ind load conditions.  
Adjusted maximum wind load conditions for deflectio n calcualtions must be  
30 miles per hour (mph)  or 35 percent of the basic wind speed as determine d 
by TIA-222 , whichever is greater.  Confirm compliance to TIA standards by 
structure manufacturer data or by analysis.  Provid e additional measures as 
required to stabilize the camera if placed in an en vironment that is 
subject to induced vibrations such as heavy winds o r excessive traffic.

2.6   SECURITY COMMAND CENTER (SCC)

The SCC must integrate all subsystems and communica tions, and provide 
operator control interface to the ESS system.  The components are as 
follows:

a.  ESS Software

b.  Monitoring Display Software

c.  Graphical Map Software

d.  Printers

e.  Controls and Display Integration

f.  Enrollment Center Equipment

2.6.1   ESS Software

a.  Provide commercial off-the-shelf ESS software t hat utilizes a single 
database for the subsystem integrations provided un der a single 
operating environment.  The system is to archive al l events in a 
database stored either on a local hard drive or a n etworked database 
server.  The software has to support configuration and simultaneous 
monitoring of all subsystems.

b.  Allow the networked PC workstation configuratio ns connected via a 
TCP/IP network.  Administrative tasks including con figuration, 
monitoring, schedules, report generation and graphi c display are 
provided from any PC workstation on the network.  A ll system 
programming data must be instantly accessible to ev ery PC Workstation 
connected to the network.  The system is to utilize  a non-proprietary 
SQL-based, ODBC-compliant database, managed by Syba se Adaptive Server 
Anywhere, Microsoft SQL Server, or Oracle.

c.  Utilize a preemptive multi-tasking operating sy stem, such as the latest 
Microsoft Windows  Professional environment, that i s multitasking, with 
many processes running at the same time without int erference with each 
other and with higher priority tasks taking precede nce over lower 
priority tasks.

d.  Provide capabilities to define visual exclusion  areas.
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2.6.1.1   Alarm Call up

Support responses to alarms entering the system wit h each alarm capable of 
initiating one or more of the following actions:

a.  Sending alarm commands to a CCTV system interfa ce

b.  Triggering DVR event recording

c.  Activating output devices

d.  Playing PC audio files

e.  Controlling doors

f.  Display graphical maps associated with the alar m device

Provide mode of system operation that requires an o perator to acknowledge 
any alarm.  While alarm is still active, the alarm cannot be cleared.

2.6.1.2   Programming

Provide the capability of, but not limited to, the following programming 
and functionality:

2.6.1.2.1   Daylight Savings Time Adjustment

The ACU(s) and PCU(s) must not need to be connected  to the ESS in order for 
the adjustment to occur.

2.6.1.2.2   Operator Privileges

Support an unlimited number of system operators, ea ch with a unique login 
and password combination.  Operators are to be assi gned privileges based on 
the loops, commands, or programming features that a re available to each 
individual operator.

2.6.1.2.3   Alarm Priorities

Provide the ability for each alarm device to be use r configured to belong 
to one of 10,000 priority levels which are assigned  to an alarm based on 
alarm importance.  These priorities are to define w hich alarm events to 
display on individually specified ESS workstations.

2.6.1.2.4   Reports

Include integrated reporting capabilities as well a s the ability to run 
Crystal Report templates.

2.6.1.2.5   User Interface

The ESS programming is to be menu-driven, with "wiz ards" to assist with 
software configuration, and include 'Help' informat ion.

2.6.1.2.6   Messages

Permit the use of user-selected colors for event me ssages.
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2.6.1.2.7   Graphics

Provide the capability to display a floor-plan grap hic for card activity 
and alarm events as part of the ESS integration.

2.6.1.2.8   Device Status

Provide the capability to display the dynamic statu s of a user-selected 
list of devices, including doors, inputs, and outpu ts.

2.6.1.2.9   Diagnostics

Include diagnostic software tools that interface an d query the hardware for 
information and to issue commands.

2.6.1.2.10    Mandatory Data Fields

Require any cardholder data field to be selected by  the user as mandatory.

2.6.1.2.11   User Defined Data Fields

Provide 20 unassigned data fields for storing user- defined data that 
support user-defined labels, and are user-configura ble as plain text fields 
or drop-down selection lists.

2.6.1.2.12   Archive Database

Include a connection to an archive database which s tores purged events and 
deleted programming and which can be accessed for r eporting.

2.6.1.2.13   Programmable Database Backup

Include the capability of performing user-scheduled  database backups 
without the use of third-party backup software.

2.6.1.2.14   Programmable Database Purging

Include the capability of performing user-scheduled  database purging, 
moving selected events to an archive database when the events have aged a 
user-specified number of days.

2.6.1.2.15   Database Importing

Include the capacity to import user data from an OD BC data source (Access, 
Excel, text).

2.6.1.2.16   Data Exporting

Include the capacity to export data from any table in the database to 
either a HTML file in any user-selected order.

2.6.1.2.17   Event Log Output

Include the capacity to send a continuous stream of  user-selected types of 
event messages to a text file, serial port, or TCP/ IP address.

2.6.1.2.18   Data Audit Trail

Record changes to programming, recording the date a nd time stamp of the 
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change, the name of the operator making the change,  and the nature of the 
change.  This data audit is to be available in hist ory for reporting.

2.6.2   ESS Monitor Display Software

ESS Monitor display software is to provide for text  and graphic map 
displays that include zone and device status integr ated into the display.  
Different colors are to be used for the various com ponents and real time 
data.  Colors must be uniform on all displays.  Fol low the color coding as 
follows.  

a.  FLASHING RED to alert an operator that a zone h as gone into an alarm or 
that primary power has failed.

b.  RED to alert an operator that a zone is in alar m and that the alarm has 
been acknowledged.

c.  YELLOW to advise an operator that a zone is in access.

d.  GREEN to indicate that a zone is secure or that  power is on.

2.6.3   Graphical Map Software

a.  ESS graphical map software is to show the  visu al data of all subsystem 
devices.  Use a  21 inches , LED flat screen display with messages 
displayed in the English language.  Provide graphic al maps showing a 
layout of all the protected facilities.  Highlight zones corresponding 
to those monitored by the ESS on the graphical maps .  Display status of 
each zone using graphical icons as required within each designated zone.

 

b.  Provide capability for graphical maps to be lin ked together using a 
layered tree structure.  For example, a top-level m ap might be a top 
view of the site and its buildings, the next level the individual 
buildings floor, followed by a map of the area on a  floor containing 
the device in alarm.  Allow for 3 layers of maps to  be defined for any 
given ESS device.  To speed an incident location, e ach map level 
contains a clearly visible indicator as to which su b map the operator 
should select next to find the device that is in al arm.

c.  The ESS may also be configured to display a map  automatically on a new 
alarm presentation, providing the operator with pro mpt visual 
indication that an alarm has occurred.

d.  The status of intrusion devices, access control  readers, doors, 
auxiliary monitor points, and auxiliary outputs is to be able to be 
requested from any map by simply selecting the icon  representing the 
device and its current state will be displayed.  CC TV camera control, 
digital video review, alarm panel transactions and intercom requests 
are to be available for inclusion on the map with t he associated 
management module installed.

e.  Allow for SCC operators to change a current set ting by pressing the 
right mouse button anywhere on the screen or on a s pecific system 
device icon. Pressing the right mouse button is to cause the 
appropriate command options list to appear for sele ction.  Confirmation 
is provided by reflecting the change in status on t he display after a 
command is selected.
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f.  The display of intrusion or auxiliary door alar ms may be automatically 
enabled or disabled by the use of timed commands, e ither by device or 
by a group of devices.  This may be used, for examp le, to disable all 
door alarms on internal doors, during normal office  hours.

g.  Create maps using standard office tools allowin g drawings to be 
imported in Jpeg, Bitmap, Windows metafile, PDF or DXF file formats to 
provide maximum flexibility.

2.6.4   Printers

2.6.4.1   Report Printer

Provide a laser text printer to generate reports th at is a USB interface 
dry-type laser process printer.  Provide a printer with the capability of 
holding a minimum of 500 pages.  The unit must prin t a minimum of 30 pages 
per minute at 600 dpi resolution.

2.6.4.2   Alarm Printer

Provide an alarm printer interconnected to the SCC equipment with a minimum 
print rate of 30 characters per second to produce h ard copy of system 
events.  Printer meet requirements per paragraph RE PORT PRINTER.

2.6.5   Control and Display Integration

Integrate human engineer SCC controls so the entire  SCC can be operated by 
a single or multiple operator(s).  Integrate switch ing and monitoring 
components of the assessment subsystem with the SCC  so that SCC operator(s) 
can effectively monitor, assess alarms and control the ESS. 

2.6.6   Enrollment Center Equipment

Provide enrollment stations to enroll personnel int o, and disenroll 
personnel from, the system database.  The enrollmen t equipment is to only 
be accessible to authorized entry control enrollmen t personnel.  Provide 
credential cards for all personnel to be enrolled a t the site plus an extra 
25 percent for future use.  The enrollment equipmen t is to include 
subsystem configuration controls and electronic dia gnostic aids for 
subsystem setup and troubleshooting with the SCC.  Provide a printer for 
the enrollment station which meets the requirements  of paragraph "Report 
Printer.

2.6.6.1   Enrollment Center Accessories

a.  Provide a steel desk-type console and equipment  racks.  The console is 
to be as specified in ECIA EIA/ECA 310-E  and as indicated.

b.  Rack-mount all equipment in the console and equ ipment racks, except for 
printer.  Color coordinate the console and equipmen t racks and 
cabinets, obtaining approved by the Contracting Off icer.

c.  Provide a locking cabinet approximately  6 feet  high,  3 feet  wide, and  2 
feet  deep with three adjustable shelves, and two storag e racks for 
storage of CDs, DVDs, printouts, printer paper, ink /toner, manuals, and 
other documentation.
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2.6.6.2   Enrollment Center I.D. Production

a.  Equip the enrollment center with a high-resolut ion digital camera 
structurally mounted, or provided with a reliable t ripod.  The camera 
model is to be as recommended by the manufacturer o f the ESS.  Provide 
commercial off-the-shelf components.   

b.  Design and provide a lighting system sufficient  for quality, 
still-video capture.  

c.  Equip the enrollment center with a die-sublimat ion  printer capable of 
printing directly to the access control or I.D. cre dential.  Provide 
printer toner kits and other printing supplies to c omplete the initial 
enrollment by 200 percent.

2.6.6.3   Enrollment Center Software

Provide database management functions for the syste m, and allow an operator 
to change and modify the data entered in the system  as needed.  The 
enrollment station is not to have any alarm respons e or acknowledgment 
functions as a programmable system function.  Multi ple, password-protected 
access levels are to be provided at the enrollment station.  Database 
management and modification functions are to requir e a higher operator 
access level than personnel enrollment functions.  Provide a means for 
disabling the enrollment station when it is unatten ded to prevent 
unauthorized use.

Provide a method to enter personnel identifying inf ormation into the entry 
control database files through enrollment stations to include a credential 
unit in use at the installation.  In the case of pe rsonnel identity 
verification subsystems, this data is to include bi ometric data.  Allow 
entry of this data into the system database files t hrough the use of simple 
menu selections and data fields.  The data field na mes is to be customized 
to suit user and site needs.  All personnel identit y verification 
subsystems selected for use with the system are to fully support the 
enrollment function and be compatible with the entr y control database files.

2.7   COMMUNICATIONS

a.  Communications are to link together subsystems of the ESS and be in 
accordance with Section 27 10 00  BUILDING TELECOMMUNICATIONS CABLING 
SYSTEM.  Interfaces between subsystems cannot be ac complished by use of 
an electro-mechanical relay assembly.  Communicatio ns links must be 
supervised.  Provide common communications interface devices  throughout 
the ESS.  Provide dry contact sensor to control uni t interface that is 
normally OPEN or normally CLOSED, except as specifi ed otherwise.   

b.  Use digital, asynchronous, or multiplexed data control unit for central 
alarm reporting and display processor interface.  G roup individual data 
bits into word format and transmit as coded message s.  Implement 
interface with network switches which function as a  communications 
controller, perform data acquisition and distributi on, buffering 
message handling, error checking, and signal regene ration as required 
to maintain communications.

c.  Provide totally automatic status changes commun ication, commands, field 
initiated interrupts, and any other communications required for proper 
system operation.  Do not require system communicat ion operator 
initiation or response.  System communication is to  return to normal 
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after any partial or total network interruption inc luding power loss or 
transient upset.  Automatically annunciate communic ation failures to 
the operator with communication link identification  that has 
experienced a partial or total failure.

2.7.1   Link Supervision

2.7.1.1   Hardwire Direct Current Line Supervision

Provide only for the sensor to control unit links w hich are within the ESS 
protected area.  Supervise circuits by monitoring c hanges in the current 
that flows through the detection circuit and a term inating resistor of at 
least 2.2 K ohms.  Supervision circuitry is to init iate an alarm in 
response to opening, closing, shorting, or groundin g of conductors by 
employing Class C standard line security.  Class C circuit supervisor units 
are to provide an alarm response in the annunciator  in not more than one 
second as a result of the following changes in norm al transmission line 
current:

a.  Five percent or more in normal line signal when  it consists of direct 
current from 0.5 through 30 milliamperes.

b.  Ten percent or more in normal line signal when it consists of direct 
current from 10 microamperes to 0.5 milliamperes.

c.  Five percent or more of an element or elements of a complex signal upon 
which security integrity of the system is dependent .  This tolerance 
will be applied for frequencies up to 100 Hz.

d.  Fifteen percent or more of an element or elemen ts of a complex signal 
upon which the security integrity of the system is dependent.  This 
tolerance will be applicable for all frequencies ab ove 100 Hz.

2.7.1.2   Hardwire Alternating Current Supervision

Supervision is not to be capable of compromise by u se of resistance, 
voltage, or current substitution techniques.  Use t his method on circuits 
which employ a tone modulated frequency-shift keyin g (FSK), 
interrogate-and-reply communications method.  Super visory circuit are to be 
immune to transmission line noise, crosstalk, and t ransients.  Terminate 
detection circuit by complex impedance.  Maintain l ine supervision by 
monitoring current amplitude and phase.  Size compl ex impedance so that 
current leads or lags the driving voltage by  45 plus or minus 5 degrees .

Alarm when rms current changes by more than 5 perce nt, or phase changes by 
more than  5 degrees  for supervision current of 0.5 to 30 milliamperes rms.  
Alarm when rms current changes by more than 10 perc ent, or phase changes by 
more than  8 degrees  for lines with supervision currents of 0.01 to 0.5  
milliamperes.  Identified line supervision alarm mu st be communicated 
within one second of the alarm.

2.7.1.3   Hardwire Digital Supervision

Local processors are to exchange digital data to in dicate secure or alarm 
at least every 2 seconds.  Alarm if data is missed for more than one second 
for passive supervisory circuits.  Coding used for data cannot be 
decipherable by merely viewing data on an oscillosc ope.  Supervisory 
circuits are to asynchronously transmit bursts of d igital data for 
transponder schemes.  Data pattern is to be random in nature.  Remote 
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detectors are to receive data and encode a response  based on a proprietary 
coding scheme.

Provide a unique encoding scheme;   Transmit encode d response back to 
supervisory circuit.  Supervisory circuit is to com pare the response to an 
anticipated response.  Alarm on failure of the dete ctor to return a data 
burst or return an incorrect response.

2.7.2   Hardwire

2.7.2.1   Electrical Conductor Lines

a.  Use electrical conductor lines for hardwire tha t rely on current path 
except for electrical wires; neutral conductors of electrical 
distribution systems cannot be used as signal trans mitters.   

b.  Conductors outside the protected area are to be   installed in 
electrical metallic tubing (EMT) as specified in Se ction 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.  Supervision circuitr y is not to initiate 
nuisance alarms in response to normal line noise, t ransients, 
crosstalk, or in response to normal parametric chan ges in the line over 
a temperature range of minus  30 to 125 degrees F .

c.  Ambient current levels chosen for line supervis ion must be sufficient 
to detect tampering and be within the normal operat ing range of 
electrical components.  Report line supervision and  tamper alarms 
regardless of mode of operation.   

d.  Provide hardwire links as specified in UL 1076  and Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM for interior applicati ons with additions 
and modifications specified.  Conductors are to be copper.  Conductors 
for links which also carry AC voltage, are to be No . 12 AWG minimum; 
single conductors for low-voltage DC links are to b e No. 14 AWG 
minimum.  Conductors are to be color coded.  Concea l wiring in finished 
areas of new construction and wherever practical in  existing 
construction if not otherwise precluded by the Gove rnment.

e.  Identify conductors within each enclosure where  a tap, splice, or 
termination is made.  Identify conductors by plasti c-coated, 
self-sticking, printed markers or by heat-shrink ty pe sleeves.  Connect 
sensors, control units, and communication devices s o that removal will 
cause a tamper alarm to sound.  Pigtail or "T" tap connections are not 
acceptable.  Each conductor used for identical func tions is to be 
distinctively color-coded.  Each circuit color-code d wire is to remain 
uniform throughout circuit.  Tamper switches meet r equirements of 
paragraph TAMPER SWITCHES.

2.7.2.2   Communication Link

a.  Provide a dedicated circuit communication link from sensor to control 
unit.  Opening or closing a relay contact will indi cate an alarm.  
Convert analog signals to digital values or a relay  closure or opening 
within  250 feet  of the sensing point.  Communications from control  unit 
to central alarm reporting and display processor ar e to operate in a 
continuous interrogation and response mode, using t ime-multiplexed 
digital communications techniques at a data rate of  10.24 kilobaud.

b.  Interrogation and response communications betwe en the control unit and 
central processor is to be half-duplex and bidirect ional on one dual 
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twisted pair cable (one pair for interrogation and one for response), 
which may have one or more parallel branches.  Indi vidual control unit 
lines are to be at least 22 AWG wire.  Connect cont rol wires in 
parallel to the hardwire link.  Communication syste m is to provide as 
many as 255 control unit connections.

c.  The communication system must maintain specifie d performance over a 
link length of  7500 feet  when operating without line repeaters or other 
signal regenerating or amplifying devices.  The com munications system 
must maintain specified performance over a link len gth of  75,000 feet  
when operating with signal-regenerating line repeat ers.

d.  Control unit to central alarm reporting and dis play processor 
communications link is to also be capable of operat ing over a maximum 
of two standard voice grade telephone leased or pro prietary lines.  
Link is to be capable of operating half duplex over  a Type 3002 data 
transmission pair and be capable of modular expansi on.  Telephone lines 
will be provided by the Government.  Coordinate and  check out system 
operation.  General characteristics and telephone l ine service are to 
be as follows:

Connections Two- or four-wire

Impedance at 1000 Hz 600 ohms

Transmitting level 0 to 12 dBm

Transmitting level adjustment 3 dB increments

Type Data

Direction Two-way alternate (half duplex)

Maximum speed 10.24  kilobaud

Maximum loss at 1000 Hz 33 dB

2.7.3   Radio Frequency Link

a.  Provide a full duplex, supervised RF, polling s ystem specifically used 
for alarm data communications with components manuf actured by one 
manufacturer operating in the VHF, 134 to 154 MHz b and.  System is to 
interface directly with ESS hardwire data link from  control unit to 
central alarm reporting and display location and is  to translate 
(reduce) the data rate for RF transmission, modulat e and demodulate the 
data signal, and transmit and receive ESS data.   

b.  Provide a factory-tested complete RF link which  both automatically and 
upon operator command transmits a signal with a uni que identification 
from the central alarm monitoring location to the c ontrol unit 
locations.  Message receipt at control unit locatio n is to be ignored 
by all units except the addressee.  Unit with the c orrect address is to 
decode the interrogation signal and respond to the interrogation with 
the status of the reporting sensors.  Re-interrogat e when the addressee 
fails to respond.  Alarm upon failure to respond a second time.
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c.  Remote units in the RF system are to be individ ually polled in turn.  
Polling response time and transmission data rate, d ata error rate, and 
equipment reliability is to ensure that overall ESS  alarm annunciation 
time reliability and Pd is not degraded.   

d.  Provide RF transmitters, receivers, or transcei vers in sufficient 
quantities to meet specified requirements.  RF link  transmissions are 
to be on one or more of the frequencies within the specified band as 
required to meet specified requirements and neither  interfere with 
other ESS components nor any facility electronic co mponents.  Provide 
transmitters which are in accordance with applicabl e requirements of 
47 CFR 15 .

e.  Message types and content are to be identical t o those transmitted by 
other portions of the ESS data communications subsy stem.  ESS alarms 
sent by RF link are not to fail, and are to be tran smitted by the RF 
link due to event occurrence during "off air" perio ds.  RF link is to 
provide message transmission priority in the follow ing order:

(1) Intrusion alarms

(2) Tamper alarms

(3) Access denial alarms

(4) Other alarms on a first-in, first-out basis inc luding loss of 
communication signal, fail-safe, low battery, and p ower loss.

f.  Provide omnidirectional, coaxial, half-wave dip ole antennas for alarm 
transmitters and transceivers with a driving point impedance to match 
transmission output.  Provide antennas and antenna mounts that are 
corrosion resistant and able to withstand wind velo cities of  100 mph  
and physical damage caused by vandalism.  Antennas cannot be mounted 
directly to any facility fence or roofing system.   

g.  Provide antennas from the same manufacturer as the rest of the RF 
link.  Provide coaxial cable in lengths as required .  Cables are to use 
PL-type fittings or connectors, properly protected against moisture.  
Cables must match transmitter output impedance.

2.7.4   Data Encryption

Incorporate data encryption equipment on data trans mission circuits as 
shown on the drawings.  The algorithm used for encr yption must be the 
Advanced Encryption Standard (AES) algorithm descri bed in NIST FIPS 197  of 
TDES, ASC/X9 X9.52 , as a minimum.  Data encryption must be in accorda nce 
with NIST FIPS 140-2 .

2.7.5   Network Switch

The small form-factor pluggable (SFP) is to provide  full-duplex 
1000/100/10-Mbps connectivity between switches over  multimode fiber (MMF) 
infrastructures.  Provide mounting accessories for a typical cabinet .  
Rack requirements as specified in paragraph EQUIPME NT RACK.

2.7.5.1   Inside Plant

Provide a network switch for ESS system with 8 SFP Ethernet ports. Allow 
dynamic port base security and rapid spanning tree protocol with VLAN 
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assignments for specific users regardless of where the switch is 
connected.  The switch will use AC input voltage no minal of 120 VAC at 60 
Hz.  The switch is to be less than 2 Rack Units (RU ) and Layer 3 capable.  
The switch is to have the capability of commanding a self-healing ring 
configuration.  1000Base-LX SFP Fast Ethernet Inter face Converter is to be 
a hot swappable device that plugs into a Gigabit fi ber SFP uplink port on 
the switch.  The switch is to be a fully managed po wer over Ethernet (PoE) 
to all ports.  Provide switch capable of using a La yer 3 (routed) port to 
connect to a LAN gateway port for Internet and web base access.  The Mean 
Time Between Failure (MTBF) must be greater than 21 0,000 hours.

2.7.5.2   Outside Plant

Provide hardened managed Ethernet switch with a min imum of 6 10/100/1000 
switched RJ-45 ports and two 1000 Mb fiber ports de signed for unconditioned 
outdoor applications.  The switch is to be sealed, conduction cooled, use a 
rugged case with no fans and no air vent openings.  The ambient operating 
temperature range is  40 to 170 degree F .  The software includes SNMP, QoS, 
Telnet, Security, STP, VLAN, BootP / DHCP.

2.7.6   Video and ESS Transmission

Transmission is to be by optical fiber dedicated to  the associated 
circuit.  Video and ESS transmission cables must co nform to the industry 
standards in .

Install interior cable in Electrical Metallic Tubin g (EMT) conduit unless 
indicated otherwise.  Cable is to be rated for the installation method 
intended.  Install exterior cable underground insta lled in Schedule 40 
Polyvinyl chloride (PVC) conduits.

2.7.7   Wire and Cable

Provide all wire and cable not indicated as Governm ent-furnished 
equipment.  Wiring must meet NFPA 70  standards and as indicated in the Wire 
and Cable Data Sheets Attachment at the end of this  section.

2.7.8   Digital Data Interconnection Wiring

Interconnecting cables carrying digital data betwee n equipment located at 
the SCC or at a secondary control and monitoring si te is to be optical 
fiber cable.  Interconnecting cables conform to the  industry standards in .

2.7.9   Aboveground Sensor Wiring

Sensor wiring is to be 20 AWG minimum, twisted and shielded, 2, 3, 4, or 6 
pairs to match hardware.  Provide multiconductor wi re with a PVC outer 
jacket.

2.7.10   Direct Burial Sensor Wiring

Sensor wiring is to be 20 AWG minimum, twisted and shielded, 2, 3, 4, or 6 
pairs to match hardware.

2.7.11   Local Area Network (LAN) Cabling

Cabling must be in accordance with TIA-568-C.2 , Category 6.
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2.7.12   Cable Construction

Provide all cable components that will withstand th e environment in which 
the cable is installed for a minimum of 20 years.

2.8   SECURITY LIGHTING INTERFACE

Provide an interface for control of the security li ghting system as 
specified in  and as shown on the drawings.

2.9   SURVEILLANCE AND DETECTION EQUIPMENT

2.9.1   Article Surveillance and X-Ray

Provide X-ray package search system suitable for ma nual detection and 
material density identification.  The article surve illance is to function 
as a sensor or detector subsystem and connect to th e local processors and 
alarm monitoring.

The article surveillance and X-ray device are to pr ovide adjustable 
contrast and a surface area threshold setting.  Inc orporate a long-term 
image storage system to document subsystem operatio ns.  The article 
surveillance and X-ray device must have a minimum t hroughput rate of 600 
packages per hour and be rated for continuous opera tion.  The article 
surveillance and X-ray device must meet the require ments of 21 CFR 1020 , 
Section 1020.40.

2.9.1.1   Size and Weight

The article surveillance and X-ray device is not to  exceed  120 inches long, 
by 40 inches wide, by 60 inches high  and not weigh more than  2000 pounds .

2.9.1.2   Local Audible Alarms

Provide local audible alarm annunciation and automa tic threat alert based 
upon an adjustable contrast and a surface area thre shold setting.  
Immediately communicate to and annunicate alarms ge nerated by the article 
surveillance and X-ray device at the SCC.

2.9.1.3   Maximum Package Size

Allow inspection of packages and other articles up to  15 inches tall, by 24 
inches wide, and 60 inches long .

2.9.1.4   X-Ray Tube

Output from the X-ray tube is to be able to penetra te steel up to  1/8 inch  
thick.

2.9.1.5   Electrical

The article surveillance and X-ray device is to ope rate from the power 
source as indicated.

2.9.1.6   Safety

Include dual lead-lined curtains at the entrance an d exit to the conveyer 
system package scanning region.  The radiation expo sure to operator for 
each package inspection must be no more than 0.2 mi lli-roentgens.  The 
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article surveillance and X-ray device is not to adv ersely affect magnetic 
storage media as it is passed through the device.

2.9.1.7   Display

Use a standard 525 line LED monitor to present X-ra y data to the article 
surveillance and X-ray device operator.  Configure the article surveillance 
and X-ray device to provide at least 64 gray scale shades or at least 64 
distinct colors.  The article surveillance and X-ra y device is to provide:

a.  Image enhancement

b.  Zoom

c.  Pan

d.  Split screen

e.  Freeze-frame capabilities

2.9.1.8   Conveyor

Provide article surveillance and X-ray device with a conveyor system with 
foot switch controls.  The conveyor is to be revers ible and suitable for 
intermittent operation with a minimum speed range o f  0 to 35 feet per minute .

2.9.1.9   Material Identification and Resolution

The article surveillance and X-ray device is to be able to detect and 
identify the full range of ferrous and non-ferrous metals, plastics, and 
other contraband as required.  The device resolutio n, including its 
display, is to be sufficient to identify a 30 AWG s olid copper wire.

2.9.2   Metal Detector

a.  The metal detector is to function as a sensor o r detector subsystem and 
connect to the local processors and alarm monitorin g.  The metal 
detector is to be rated for continuous operation.  The metal detector 
is to use an active pulsed or continuous wave induc tion detection field.

  

b.  The metal detector is to create a field detecti on pattern with no holes 
or gaps from top to bottom and across the passage a rea, and provide 100 
percent Faraday shielding of the sensor coil.  The metal detector is to 
incorporate measures to minimize false alarms from external sources.  
Provide a synchronization module to allow simultane ous multiple metal 
detection subsystem operation, with no sensitivity or function 
degradation, when separated by  5 feet  or more.

c.  The metal detector is not to adversely affect m agnetic storage media.

d.  When incorporated into an entry booth, the meta l detector is to be 
physically compatible with the entry booth configur ation and connected 
to the entry booth local processor subsystem .

2.9.2.1   Size and Weight

Freestanding metal detectors are not to exceed  40 inches deep, by 50 inches 
wide, by 90 inches high  and weigh  350 pounds  or less.  Metal detectors to 
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be used in entry control booths may have dimensions  as needed to fit inside 
the entry control booth.

2.9.2.2   Local Alarms

Provide metal detector with local audible and visua l alarm annunciation 
that are also immediately communicated to and annun ciated at the SCC.

2.9.2.3   Material Identification and Sensitivity

Provide metal detector with a continuously adjustab le sensitivity control 
which allows it to be set to detect 100 grams of fe rrous or non-ferrous 
metal placed anywhere on or in an individual's body .

2.9.2.4   Traffic Counter

Include a built-in traffic counter with manual rese t capability.  The 
traffic counter is to be sensor actuated and automa tically increment each 
time a person passes through the metal detector.  T he metal detector is 
also to provide visual prompts directing the indivi dual to proceed through 
the metal detector at the proper time or to wait un til the metal detector 
is reset and ready for another scan.

2.9.2.5   Electrical

The metal detector must not dissipate more than 250  Watts.  Neither the 
metal detector's sensitivity nor its functional cap ability is to be 
adversely affected by power line voltage variations  of plus or minus 10 
percent or less from nominal values.

2.10   BACKUP POWER

a.  Intrusion alarms are not to be generated as a r esult of power 
switching; however, Provide a power switching indic ation and on-line 
source at the alarm monitor.

b.  The system is to automatically switch back to t he primary source upon 
primary power restoration.  Detect and report failu re of an on-line 
battery as a fault condition.  Power products must be in accordance 
with Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

c.  Provide backup power to the primary power by ba ckup batteries in each  
control panel  .

2.11   SURGE SUPPRESSION DEVICES

Comply with requirements in Section 33 82 00  TELECOMMUNICATION OUTSIDE 
PLANT (OSP).

2.12   COMPONENT ENCLOSURE

Alarm enclosures with a tamper switch(es).  Refer t o paragraph "Tamper 
Switch".  Enclosures is to be formed and assembled to be sturdy and rigid.  
These include:

a.  Consoles

b.  Annunciator housings
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c.  Power supply enclosures

d.  Sensor control and terminal cabinets

e.  Control units

f.  Wiring gutters

g.  Other component housings

2.12.1   Interior Sensor

Provide sensors to be used in an interior environme nt with a housing that 
provides protection against dust, falling dirt, and  dripping noncorrosive 
liquids.  Refer to paragraph "Interior Enclosures" for enclosure ratings.

2.12.2   Exterior Sensor

Provide sensors to be used in an exterior environme nt with a housing that 
provides protection against windblown dust, rain an d splashing water, and 
hose directed water.  Sensors are not to be damaged  by the ice formation on 
the enclosure.  Refer to pargraph "Exposed-to-Weath er Enclosures" and 
"Corrosion-Resistant Enclosures" for enclosure rati ngs.

2.12.3   Interior Enclosures

Enclosures to house equipment in an interior enviro nment must meet the 
requirements of NEMA 250 Type 1 .

2.12.4   Exposed-to-Weather Enclosures

Enclosures to house equipment in an outdoor environ ment must meet the 
requirements of NEMA 250 Type 3R .

2.12.5   Corrosion-Resistant Enclosures

Enclosures to house equipment in a corrosive enviro nment must meet the 
requirements of NEMA 250 Type 4X.

2.12.6   Hazardous Environment Equipment

All system electronics to be used in a hazardous en vironment must be housed 
in a metallic enclosure which meets the requirement s of paragraph 
"Hazardous Locations."

2.12.7   Metal Thickness

Thicknesses of metal in cast and sheet metal enclos ures of all types must 
be not less than those listed in Tables 8.1, 8.2, a nd 8.3 of UL 1610  for 
alarm components, and NEMA ICS 2  and NEMA ICS 6  for other enclosures.  
Sheet steel used in enclosure fabrication is to be at least 16 gage; 
consoles are to be at least 18 gage.

2.12.8   Doors and Covers

a.  Doors and covers are to be flanged.  Provide ti ght pin hinges or the 
ends of hinge pins are to be tack welded to prevent  ready removal where 
doors are mounted on hinges with exposed pins.
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b.  Provide doors having a latch edge length of les s than  24 inches  with a 
single lock.  Provide the door with a three-point l atching device with 
lock where latch edge of a hinged door is  24 inches  or more in length; 
or alternatively with two locks, one located near e ach end.

c.  The covers of provided junction boxes to facili tate initial system 
installation are to be held in place by tack weldin g, brazing, or 
one-way screws.

2.12.9   Ventilation

Ventilation openings in enclosures and cabinets mus t conform to 
requirements of UL 1610 .

2.12.10   Mounting

Sheet metal enclosures are to be rated for wall mou nting with top hole 
slotted, unless otherwise indicated.  Mounting hole s are to be in positions 
which remain accessible when major operating compon ents are in place and 
door is open, and be inaccessible when door is clos ed.

2.12.11   Labels

Label boxes containing connections that they contai n ESS connections and 
indicate that the box is part of the ESS system.

2.12.12   Test Points

Provide readily visibile and accessibile with minim um disassembly of 
equipment to test points, controls, and other adjus tments inside 
enclosures.  Test points and other maintenance cont rols must be readily 
accessible to operator personnel.

2.13   EQUIPMENT RACK

Provide standard  19 inch  electronic rack cabinets conforming to UL 50  for 
the ESS system at the SCC and remote control and mo nitoring sites as shown 
on the drawings.  Equipment rack must be in accorda nce with Section 27 10 00
 BUILDING TELECOMMUNICATIONS CABLING SYSTEM.

2.13.1   Labels

Provide a labeling system for cabling as required b y TIA-606  and UL 969 .  
Provide stenciled lettering for voice and data circ uits using thermal ink 
transfer process .

2.14   LOCKS AND KEY LOCK

2.14.1   Lock

Provide locks on system enclosures for maintenance purposes that meet 
UL 437 and are round-key type, with three dual, one mushro om, and three 
plain pin tumblers .  Keys must be stamped "U.S. GO VT. DO NOT DUP.".  Keys 
are only to be withdrawn when in the locked positio n.  Key all maintenance 
locks alike and furnish only two keys for all of th ese locks.

2.14.2   Key-Lock Operated Switches

All key-lock-operated switches required to be insta lled on system 
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components are to be UL 437 , with three dual, one mushroom, and three plain 
pin tumblers, .  Keys must be stamped "U.S. GOVT. D O NOT DUP.".  
Key-lock-operated switches are to have two position s, with the key 
removable in either position.  Key all key-lock-ope rated switches 
differently and furnish only two keys for each key- lock-operated-switch.

2.14.3   Construction Locks

Use a set of temporary locks during installation an d construction.  Do not 
include any of the temporary locks in the final set  of locks installed and 
delivered to the Government.

2.15   FIELD FABRICATED NAMEPLATES

Nameplates must comply with ASTM D709.  Provide laminated plastic 
nameplates for each equipment enclosure, relay, swi tch, and device; as 
specified or as indicated on the drawings.  Each na meplate inscription is 
to identify the function and, when applicable, the position.

Nameplates are to be melamine plastic,  0.125 inch  thick, white with black 
center core.  Surface is to be matte finish.  Corne rs are to be square.  
Accurately align lettering and engrave into the cor e.  Minimum size of 
nameplates must be  1 by 2.5 inches .  Provide lettering a minimum of  0.25 
inch  high normal block style.  Nameplates are not be re quired for devices 
smaller than  1 x 3 inches .

2.15.1   Manufacturer's Nameplate

Each item of equipment is to have a nameplate beari ng the manufacturer's 
name, address, model number, and serial number secu rely affixed in a 
conspicuous place; the nameplate of the distributin g agent will not be 
acceptable.

2.16   FACTORY APPLIED FINISH

Electrical equipment is to have factory-applied pai nting systems which 
meetsthe requirements of the NEMA 250 corrosion-resistance test as a 
minimum.

PART 3   EXECUTION

3.1   INSTALLATION

Install the system in accordance with safety and te chnical standards NFPA 70 , 
UL 681 , UL 1037 , and  UL 1076 .  Configure components within the system with 
appropriate service points to pinpoint system troub le in less than 20 
minutes.

Install all system components, including any equipm ent that is furnished by 
the Government, and appurtenances in accordance wit h the manufacturer's 
instructions, IEEE C2  and as shown on the drawings, and furnish all 
necessary connectors, terminators, interconnections , services, and 
adjustments required for a complete and operable sy stem.

3.1.1   Existing Equipment

Connect to and utilize existing equipment, control signal transmission 
lines, and devices as shown on the drawings.  Any e quipment and signal 
lines that are usable in their original configurati on without modification 
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may be reused with Government approval.

Make written requests and obtain approval prior to disconnecting any signal 
lines and equipment that creates equipment outage.  Such work can proceed 
only after receiving Government approval of these r equests.  If any device 
fails after work has commenced on that device, sign al, or control line, 
diagnose the failure and perform any necessary corr ections to the 
equipment.  The Government is responsible for maint enance and repair of 
Government equipment.  The Contractor will be held responsible for repair 
costs due to negligence or abuse of Government equi pment on their part.

3.1.2   Software Installation

Load software as specified and required for an oper ational system, 
including databases and specified programs.  Provid e original and backup 
copies on optic discs of all accepted software, inc luding diagnostics, upon 
successful endurance test completion.

3.1.3   Enclosure Penetrations

Enclosures are to be penetrated from the bottom unl ess shown otherwise.  
Penetrations of interior enclosures having transiti ons of conduit from 
interior to exterior, and penetrations of exterior enclosures are to be 
sealed with rubber silicone sealant to preclude the  entry of water.  
Terminate conduit risers in a hot-dipped galvanized  metal cable terminator 
that is filled with a sealant as recommended by the  cable manufacturer, and 
in a manner that does not damage the cable.

3.1.4   Cable and Wire Runs

Perform required cable and wire routings per NFPA 70  Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM, , and as specified. T erminate conduits 
including flexible metal and armored cable in the s ensor or device 
enclosure.  Fit ends of conduit with insulated bush ings.  Exposed 
conductors at ends of conduits external to sensors and devices are not 
acceptable.

3.1.5   Soldering

Soldered electrical connections must use compositio n Sn60, Type AR or S, 
for general purposes; use composition Sn62 or Sn63,  Type AR or S, for 
special purposes.  Flux must conform to ASTM B32 when Type S solder is used 
for soldering electrical connections.

3.1.6   Galvanizing

Ferrous metal is to be hot-dip galvanized in accord ance with ASTM A123/A123M .  
Provide screws, bolts, nuts, and other fastenings a nd supports that are 
corrosion resistant.

Field welds or brazing on factory galvanized boxes,  enclosures, conduits, 
and so on, are to be coated with a cold galvanized paint containing at 
least 95 percent zinc by weight.

3.1.7   Conduits

Install interior conduits in accordance with NFPA 70 , Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM and ICS 705-1 .  Install exterior conduits in 
accordance with NFPA 70 , Section 33 71 02  UNDERGROUND ELECTRICAL 
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DISTRIBUTION and ICS 705-1 .

3.1.8   Underground Cable Installation

Install underground conductors connecting protected  structures and objects 
to the central alarm updating and display unit as d irect burial or in 
conduit as specified in Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION.  Coaxial cable cannot be spliced.

3.1.9   Exterior Fences

Prepare new fence installation to ensure a rigid fe nce system for 
fence-mounted detection system installation or a de tection system where 
loose fence fabric might prove troublesome.  A rigi d fence and fence fabric 
must be provided to minimize nuisance alarms.  Fenc es are to be 
additionally braced, provided with fabric ground an chors or curbs, 
tensioning devices, top or bottom rails or both, so ft-seated gate latches, 
and re-anchored outriggers for barbed wire to ensur e a vibration-free 
installation.  Relocate large, fence-supported sign s to separate support 
posts to preclude interference with fence detection  systems.

3.1.10   Camera Housings, Mounts, and Poles

a.  Provide a foundation for each camera pole as sp ecified and designed.

b.  Provide a ground rod for each camera pole and c onnect the camera pole 
to the ground rod as shown on the drawings 

3.1.11   Field Applied Painting

Paint electrical equipment as required to match fin ish of adjacent surfaces 
or to meet the indicated or specified safety criter ia.  Painting must be as 
specified in Section 09 90 00  PAINTS AND COATINGS.

3.2   ADJUSTMENT, ALIGNMENT, SYNCHRONIZATION, AND CLEANING

a.  Clean each system component of dust, dirt, grea se, or oil incurred 
during and after installation or accrued subsequent  to installation 
from other project activities subsequent to install ation.   

b.  Prepare for system activation by manufacturer's  recommended procedures 
for adjustment, alignment, or synchronization.   

c.  Prepare each component in accordance with appro priate provisions of 
component installation, operations, and maintenance  manuals.   

d.  Remove large vegetation that may sway in the wi nd and touch fencing.

e.  Adjust sensors so that coverage is  maximized w ithout mutual 
interference.

3.3   SYSTEM STARTUP

Do not apply power to the system until after:

a.  Set up system equipment items and communication s in accordance with 
manufacturer's instructions.

b.  Conduct a system visual inspection to ensure th at defective equipment 
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items have not been installed and that there are no  loose connections.

c.  Test and verify system wiring as correctly conn ected.

d.  Verify system grounding and transient protectio n systems as properly 
installed.

e.  Verify the correct voltage, phasing, and freque ncy of the system power 
supplies.

Satisfication of the requirements above does not re lieve the contractor of 
responsibility for incorrect installations, defecti ve equipment items, or 
collateral damage as result of Contractor work or e quipment.

3.4   SUPPLEMENTAL CONTRACTOR QUALITY CONTROL

Provide the services of technical representatives w ho are familiar with all 
components and installation procedures of the insta lled system; and are 
approved by the Contracting Officer.  These represe ntatives are to be 
present on the job site during the preparatory and initial phases of 
quality control to provide technical assistance.  T hese representatives are 
also to be available on an as needed basis to provi de assistance with 
follow-up phases of quality control.  These technic al representatives are 
to participate in the system testing and validation  and provide 
certification that their respective system portions  meet the contractual 
requirements.  

The above requirements supplement the quality contr ol requirements 
specified elsewhere in the contract.

3.5   ESS SYSTEM TESTING 

All ESS Testing requirements are specified in Secti on 28 08 10  ELECTRICAL 
SECURITY SYSTEM ACCEPTANCE TESTING.

3.6   ESS TRAINING

Conduct training courses for 10 designated personne l in system maintenance 
and operation.  Coordinate training with the Govern ment.  The training is 
to be oriented to the specific system being install ed.  Training content  is 
to include training manuals and audio-visual materi als.  Deliver training 
manuals for each trainee with 2 additional copies d elivered for archiving 
at the project site.  The manuals are to include an  agenda, defined 
objectives for each lesson, and a detailed subject matter description for 
each lesson.

Furnish audio-visual equipment and other training m aterials and supplies.  
Deliver copies of the audio-visual materials to the  Government either as a 
part of the printed training manuals or on the same  media as that used 
during the training sessions when course portions a re presented using 
audio-visual material.

3.6.1   ESS Training Outline

Submit a training plan  for the training phases, including type of trainin g 
to be provided, outline of training manuals, traini ng course agendas, and a 
list of reference material, for Government approval .   
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3.6.2   Typical Training Day

A training day is defined as:  

a.  Eight hours of classroom instruction, with  

(1) Two 15-minute breaks

(2) One hour lunch break

b.  Conducted:  

(1) Monday through Friday

(2) During the daytime shift in effect at a Governm ent-provided 
training facility

For guidance in planning the required instruction, assume that attendees 
will have a high school education or equivalent, an d are familiar with 
ESS.  Approval of the planned training schedule is to be obtained from the 
Government at least 30 days prior to the training.

3.6.3   ESS Administrator Training

a.  ACS and IDS Administrator Training includes:

(1)  Two eight-hour on-site training sessions 

(2)  Operating system procedures and configuration

(3)  Operator functions

(4)  Database functions and setup

(5)  Card holder input and deletion procedures

(6)  Report generation

(7)  Applications programs (as applicable)

(8) Graphics generation and manipulation

(9)  Items unique to the ACS and IDS interfaces wit h other systems

(10) System backup and restore

b.  CCTV System Administrator Training includes:

(1)  One eight-hour session on site

(2)  Training is to include all administrator and o perator functions, 
and items unique to the installed CCTV System, and interfaces with 
other systems.

3.6.4   ESS Operator Training

Coordinate the operator training syllabus with the Government prior to 
conducting operator training.
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a.  ACS and IDS Operator Training includes:

(1)  Four (one-day) 8 hour on-site training session s

(2)  System operating procedures

(3)  System configuration orientation

(4)  Alarm acknowledgment

(5)  Alarm response logging

(6)  Graphics functionality

(7)  Items unique to the ACS and IDS interfaces wit h other systems

b.  CCTV Operator Training includes:

(1)  Two (one-day) 8 hour on-site training sessions

(2)  System operating procedures  

(3)  System configuration 

(4)  Video call-up

(5)  Camera and monitor control
 

(6)  Graphics functionality

(7)  Basic device terminology and troubleshooting

3.6.5   Maintenance Personnel Training

The system maintenance course is to be taught at th e project site after 
endurance test completion for a period of five trai ning days.  A maximum of 
five personnel, designated by the Government, will attend the course.  The 
training includes:

a.  Physical layout of each piece of hardware.

b.  Troubleshooting and diagnostics procedures.

c.  Component repair and replacement procedures.

d.  Maintenance procedures and schedules to include  system testing after 
repair.

e.  Calibration procedures.  Upon course completion , the students are to be 
proficient in system maintenance.

f.  Review of site-specific drawing package, device  location, 
communication, topology, and flow.

3.6.6   Follow-up Training

a.  Provide One hour training session each month fo r two months after 
initial training.
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b.  Follow-up training is to begin one month after initial training.  

c.  Training is to include testing for system compe tence.

3.7   NAMEPLATE MOUNTING

Provide nameplate number, location, and letter desi gnation as indicated.  
Fasten nameplates to the device with a minimum of t wo sheet-metal screws or 
rivets.

        -- End of Section --
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SECTION 28 31 76

INTERIOR FIRE ALARM AND MASS NOTIFICATION SYSTEM
08/11

PART 1   GENERAL

1.1   RELATED SECTIONS

Section 26 00 00.00 20  BASIC ELECTRICAL MATERIALS AND METHODS, applies to  
this section, with the additions and modifications specified herein.  In 
addition, refer to the following sections for relat ed work and coordination:

Section 23 00 00  AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST  
SYSTEMS
Section 21 13 13.00 10  WET PIPE SPRINKLER SYSTEM, FIRE PROTECTION
Section 07 84 00  FIRESTOPPING for additional work related to 
firestopping.

1.2   SUMMARY

1.2.1   Scope

a.  This work includes completion of design and pro viding a new, complete, 
fire alarm and mass notification system as describe d herein and on the 
contract drawings for the Existing Building 591 and Addition .  Include 
in the system wiring, raceways, pull boxes, termina l cabinets, outlet 
and mounting boxes, control equipment, alarm, and s upervisory signal 
initiating devices, alarm notification appliances, supervising station 
fire alarm system transmitter, and other accessorie s and miscellaneous 
items required for a complete operating system even  though each item is 
not specifically mentioned or described.  Provide s ystem complete and 
ready for operation.

b.  Provide equipment, materials, installation, wor kmanship, inspection, 
and testing in strict accordance with the required and advisory 
provisions of NFPA 72 , ISO 7240-16 , IEC 60268-16 , except as modified 
herein.  The system layout  on the drawings show the intent of coverage 
and are shown in suggested locations.  Submit plan view drawing showing 
device locations, terminal cabinet locations, junct ion boxes, other 
related equipment, conduit routing, wire counts, ci rcuit identification 
in each conduit, and circuit layouts for all floors .  Drawings shall 
comply with the requirements of NFPA 170 .  Final quantity, system 
layout, and coordination are the responsibility of the Contractor.

c.  Where remote fire alarm control units are neede d, they shall be 
provided at a terminal cabinet location.  Each remo te fire alarm 
control unit shall be powered from a wiring riser s pecifically for that 
use or from a local emergency power panel located o n the same floor as 
the remote fire alarm control unit.  Where remote f ire control units 
are provided, equipment for notification appliances  may be located in 
the remote fire alarm control units.

1.3   REFERENCES

The publications listed below form a part of this s pecification to the 
extent referenced.  The publications are referred t o within the text by the 
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basic designation only.

ACOUSTICAL SOCIETY OF AMERICA (ASA)

ASA S3.2 (2009) Method for Measuring the 
Intelligibility of Speech Over 
Communication Systems (ASA 85)

ASME INTERNATIONAL (ASME)

ASME A17.1/CSA B44 (2013) Safety Code for Elevators and 
Escalators

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS ( IEEE)

IEEE C62.41.1 (2002; R 2008) Guide on the Surges 
Environment in Low-Voltage (1000 V and 
Less) AC Power Circuits

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC)

IEC 60268-16 (2003; ED 4.0) Sound System Equipment - 
Part 16: Objective Rating Of Speech 
Intelligibility By Speech Transmission 
Index

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO )

ISO 7240-16 (2007) Fire Detection And Alarm Systems — 
Part 16: Sound System Control And 
Indicating Equipment

ISO 7240-19 (2007) Fire Detection and Alarm Systems — 
Part 19: Design, Installation, 
Commissioning and Service of Sound Systems 
for Emergency Purposes

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 170 (2012) Standard for Fire Safety and 
Emergency Symbols

NFPA 70 (2014; AMD 1 2013; Errata 2013; AMD 2 
2013) National Electrical Code

NFPA 72 (201 6) National Fire Alarm and Signaling 
Code

NFPA 90A (201 5) Standard for the Installation of 
Air Conditioning and Ventilating Systems

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-601-02 (2010) Operations and Maintenance: 
Inspection, Testing, and Maintenance of 
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Fire Protection Systems

UFC 4-021-01 (2008; Change 1 2010) Design and O&M: Mass 
Notification Systems

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION ( NARA)

47 CFR 15 Radio Frequency Devices

47 CFR 90 Private Land Mobile Radio Services

UNDERWRITERS LABORATORIES (UL)

UL 1480 (2003; Reprint Oct 2012) Standard for 
Speakers for Fire Alarm, Emergency, and 
Commercial and Professional Use

UL 1638 (2001; Reprint Oct 2013) Visual Signaling 
Appliances - Private Mode Emergency and 
General Utility Signaling

UL 1971 (2002; Reprint Oct 2008) Signaling Devices 
for the Hearing Impaired

UL 2017 (2008; Reprint May 2011) General-Purpose 
Signaling Devices and Systems

UL 268 (2009) Smoke Detectors for Fire Alarm 
Systems

UL 464 (2009; Reprint Apr 2012) Standard for 
Audible Signal Appliances

UL 521 (1999; Reprint May 2010) Heat Detectors 
for Fire Protective Signaling Systems

UL 864 (2003; Reprint Aug 2012) Standard for 
Control Units and Accessories for Fire 
Alarm Systems

UL Electrical Constructn (2012) Electrical Construction Equipment 
Directory

UL Fire Prot Dir (2012) Fire Protection Equipment Directory

1.4   DEFINITIONS

Wherever mentioned in this specification or on the drawings, the equipment, 
devices, and functions shall be defined as follows:

1.4.1   Interface Device

An addressable device that interconnects hard wired  systems or devices to 
an analog/addressable system.

1.4.2   Remote Fire Alarm and Mass Notification Control Uni t

A control panel, electronically remote from the fir e alarm and mass 
notification control panel, that receives inputs fr om automatic and manual 
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fire alarm devices; may supply power to detection d evices and interface 
devices; may provide transfer of power to the notif ication appliances; may 
provide transfer of condition to relays or devices connected to the control 
unit; and reports to and receives signals from the fire alarm control panel.

1.4.3   Fire Alarm Control Unit and Mass Notification Auton omous Control Unit 
(FMCP)

A master control panel having the features of a fir e alarm and mass 
notification control unit and fire alarm and mass n otification control 
units are interconnected.  The panel has central pr ocessing, memory, input 
and output terminals, and LCD, LED Display units .

1.4.4   Local Operating Console (LOC)

A unit designed to allow emergency responders and/o r building occupants to 
operate the MNS including delivery or recorded and/ or live messages, 
initiate strobe and textural visible appliance oper ation and other relayed 
functions.

1.4.5   Terminal Cabinet

A steel cabinet with locking, hinge-mounted door th at terminal strips are 
securely mounted.

1.5   SUBMITTALS

Government approval is required for submittals with  a "G" designation; 
submittals not having a "G" designation are for inf ormation only.  When 
used, a designation following the "G" designation i dentifies the office 
that will review the submittal for the Government.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Nameplates ; G
Instructions ; G
Wiring Diagrams ; G
System Layout ; G
System Operation ; G
Notification Appliances ; G
Amplifiers ; G

SD-03 Product Data

Technical Data And Computer Software ; G
Fire Alarm Control Unit and Mass Notification Contr ol Unit (FMCP) ; 
G
LCD, LED Display Unit (VDU) ; G
Terminal cabinets ; G
Manual stations ; G
Transmitters  (including housing); G
Batteries ; G
Battery chargers ; G
Smoke sensors ; G
Heat detectors ; G
Notification appliances ; G
Addressable interface devices ; G
Amplifiers ; G
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Tone generators ; G
Digitalized voice generators ; G
Remote Fire Alarm/Mass Notification Control Units ; G
Radio transmitter and interface panels ; G
Digital alarm communicator transmitter (DACT) ; G
Local Operating Console (LOC) ; G

SD-05 Design Data

Battery power ; G
Battery chargers ; G

SD-06 Test Reports

Field Quality Control
Testing Procedures ; G
Smoke sensor testing  procedures; G

SD-07 Certificates

Installer
Formal Inspection and Tests
Final Testing

SD-09 Manufacturer's Field Reports

System Operation ; G
Fire Alarm/Mass Notification System

SD-10 Operation and Maintenance Data

Operation and Maintenance (O&M) Instructions ; G
Instruction of Government Employees

SD-11 Closeout Submittals

As-Built Drawings

1.6   TECHNICAL DATA AND COMPUTER SOFTWARE

Technical data and computer software (meaning techn ical data that relates 
to computer software) that are specifically identif ied in this project, and 
may be defined/required in other specifications, sh all be delivered, 
strictly in accordance with the CONTRACT CLAUSES.  Identify data delivered 
by reference to the particular specification paragr aph against which it is 
furnished.  Data to be submitted shall include comp lete system, equipment, 
and software descriptions.  Descriptions shall show  how the equipment will 
operate as a system to meet the performance require ments of this contract.  
The data package shall also include the following:

a.  Identification of programmable portions of syst em equipment and 
capabilities.

b.  Description of system revision and expansion ca pabilities and methods 
of implementation detailing both equipment and soft ware requirements.

c.  Provision of operational software data on all m odes of programmable 
portions of the fire alarm and detection system.
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d.  Description of Fire Alarm and Mass Notification  Control Panel equipment 
operation.

e.  Description of auxiliary and remote equipment o perations.

f.  Library of application software.

g.  Operation and maintenance manuals.

1.7   QUALITY ASSURANCE

Equipment and devices shall be compatible and opera ble with existing 
station fire alarm system and shall not impair reli ability or operational 
functions of existing supervising station fire alar m system.  .

a.  In NFPA publications referred to herein, consid er advisory provisions 
to be mandatory, as though the word "shall" had bee n substituted for 
"should" wherever it appears; interpret reference t o "authority having 
jurisdiction" to mean the Contracting Offices Desig nated Representative 
(COR).

b.  The recommended practices stated in the manufac turer's literature or 
documentation shall be considered as mandatory requ irements.

c.  Devices and equipment for fire alarm service sh all be listed by 
UL Fire Prot Dir  or approved by FM APP GUIDE.

1.7.1   Qualifications

1.7.1.1   Design Services

Installations requiring completion of installation drawings and 
specification or modifications of fire detection, f ire alarm, mass 
notification system, fire suppression systems or ma ss notification systems 
shall require the services and review of a qualifie d engineer or NICET 
Level 4 technician.  For the purposes of meeting th is requirement, a 
qualified engineer is defined as an individual meet ing one of the following 
conditions:

a.  A registered professional engineer having a Bac helor of Science or 
Masters of Science Degree in Fire Protection Engine ering from an 
accredited university engineering program, plus a m inimum of four years 
work experience in fire protection engineering.

b.  A registered professional engineer (P.E.) in fi re protection 
engineering.

c.  Registered Professional Engineer with verificat ion of experience and at 
least five years of current experience in the desig n of the fire 
protection and detection systems.

1.7.1.2   Supervisor

NICET Fire Alarm Technicians to perform the install ation of the system.  A 
NICET Level 4 Fire Alarm Technician shall supervise  the installation of the 
fire alarm system/mass notification system. The Fir e Alarm technicians 
supervising the installation of equipment shall be factory trained in the 
installation, adjustment, testing, and operation of  the equipment specified 
herein and on the drawings.
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1.7.1.3   Technician

Fire Alarm Technicians with a minimum of four years  of experience utilized 
to install and terminate fire alarm/mass notificati on devices, cabinets and 
panels.  The Fire Alarm technicians installing the equipment shall be 
factory trained in the installation, adjustment, te sting, and operation of 
the equipment specified herein and on the drawings.

1.7.1.4   Installer

 NICET Level II technician to assist in the install ation of fire alarm/mass 
notification devices, cabinets and panels.  An elec trician shall be allowed 
to install wire, cable, conduit and backboxes for t he fire alarm 
system/mass notification system.  The Fire Alarm in staller shall be factory 
trained in the installation, adjustment, testing, a nd operation of the 
equipment specified herein and on the drawings.

1.7.1.5   Test Personnel

Fire Alarm Technicians with a minimum of eight year s of experience (NICET 
Level III)utilized to test and certify the installa tion of the fire 
alarm/mass notification devices, cabinets and panel s.  The Fire Alarm 
technicians testing the equipment shall be factory trained in the 
installation, adjustment, testing, and operation of  the equipment specified 
herein and on the drawings.

1.7.1.6   Manufacturer's Representative

The fire alarm and mass notification equipment manu facturer's 
representative shall be present for the connection of wiring to the control 
panel.  The Manufacturer's Representative shall be an employee of the 
manufacturer with necessary technical training (NIC ET Level III)on the 
system being installed.

1.7.1.7   Manufacturer

Components shall be of current design and shall be in regular and recurrent 
production at the time of installation.  Provide de sign, materials, and 
devices for a protected premises fire alarm system,  complete, conforming to 
NFPA 72 , except as otherwise or additionally specified her ein.

1.7.2   Regulatory Requirements

1.7.2.1   Requirements for Fire Protection Service

Equipment and material shall have been tested by UL  and listed in 
UL Fire Prot Dir  or approved by FM and listed in FM APP GUIDE.  Where the 
terms "listed" or "approved" appear in this specifi cation, they shall mean 
listed in UL Fire Prot Dir  or FM APP GUIDE.  The omission of these terms 
under the description of any item of equipment desc ribed shall not be 
construed as waiving this requirement.  All listing s or approval by testing 
laboratories shall be from an existing ANSI or UL p ublished standard.

1.7.2.2   Fire Alarm/Mass Notification System

Furnish equipment that is compatible and is UL list ed, FM approved, or 
listed by a nationally recognized testing laborator y for the intended use.  
All listings by testing laboratories shall be from an existing ANSI or UL 
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published standard.  Submit a unique identifier for  each device, including 
the control panel and initiating and indicating dev ices, with an indication 
of test results, and signature of the factory-train ed technician of the 
control panel manufacturer and equipment installer.   With reports on 
preliminary tests, include printer information.  In clude the NFPA 72  Record 
of Completion and NFPA 72  Inspection and Testing Form, with the appropriate 
test reports.

1.7.2.3   Fire alarm Testing Services or Laboratories

construct fire alarm and fire detection equipment i n accordance with 
UL Fire Prot Dir , UL Electrical Constructn , or FM APP GUIDE.

1.8   DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage f rom the weather, 
humidity, and temperature variation, dirt and dust,  and other contaminants.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Submit annotated catalog data as required in the pa ragraph SUBMITTAL, in 
table format on the drawings, showing manufacturer' s name, model, voltage, 
and catalog numbers for equipment and components.  Submitted shop drawings 
shall not be smaller than ISO A1.  Also provide UL or FM listing cards for 
equipment provided.

2.1.1   Standard Products

Provide materials, equipment, and devices that have  been tested by a 
nationally recognized testing laboratory, such as U L or FM Approvals, LLC 
(FM), and listed or approved for fire protection se rvice when so required 
by NFPA 72  or this specification.  Select material from one m anufacturer, 
where possible, and not a combination of manufactur ers, for any particular 
classification of materials.  Material and equipmen t shall be the standard 
products of a manufacturer regularly engaged in the  manufacture of the 
products for at least two years prior to bid openin g.

2.1.2   Nameplates

Major components of equipment shall have the manufa cturer's name, address, 
type or style, model or serial number, catalog numb er, date of 
installation, installing Contractor's name and addr ess, and the contract 
number provided on a new plate permanently affixed to the item or 
equipment.  Major components include, but are not l imited to, the following:

a.  FMCPs

b.  Automatic transmitter/transceiver

c.  Terminal Cabinet

Furnish nameplate illustrations and data to obtain approval by the 
Contracting Officer before installation.  Obtain ap proval by the 
Contracting Officer for installation locations.  Na meplates shall be etched 
metal or plastic, permanently attached by screws to  panels or adjacent 
walls.
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2.1.3   Keys

Keys and locks for equipment shall be identical.  P rovide not less than six 
keys of each type required.  Master all keys and lo cks to a single key as 
required by the Installation Fire Department.  

LOC is not permitted to be locked or lockable.

2.2   GENERAL PRODUCT REQUIREMENT

All fire alarm and mass notification equipment shal l be listed for use 
under the applicable reference standards.  Interfac ing of Listed UL 864  or 
similar approved industry listing with Mass Notific ation Panels listed to 
UL 2017  shall be done in a laboratory listed configuration , if the software 
programming features cannot provide a listed interf ace control.  If a field 
modification is needed, such as adding equipment li ke relays, the 
manufacturer of the panels being same or different brand from manufacturer 
shall provide the installing contractor for review and confirmation by the 
installing contractor.  As part of the submittal do cuments, provide this 
information.

2.3   SYSTEM OPERATION

The Addressable Interior Fire Alarm and Mass Notifi cation System shall be a 
complete, supervised, noncoded, analog/addressable fire alarm and mass 
notification system conforming to NFPA 72 , UL 864  , and UL 2017 .  The 
system shall be activated into the alarm mode by ac tuation of any alarm 
initiating device.  The system shall remain in the alarm mode until the 
initiating device is reset and the control panel is  reset and restored to 
normal.  The system may be placed in the alarm mode  by local microphones, 
LOC, or remotely from authorized locations/users.

Submit data on each circuit to indicate that there is at least 25 percent 
spare capacity for notification appliances, 25 perc ent spare capacity for 
initiating devices.  Annotate data for each circuit  on the drawings.  
Submit a complete description of the system operati on in matrix format on 
the drawings.  Submit a complete list of device add resses and corresponding 
messages.

2.3.1   Alarm Initiating Devices and Notification Appliance s (Visual, Voice, 
Textural)

a.  Connect alarm initiating devices to initiating device circuits (IDC)  
Class "B" , or to signal line circuits (SLC) Class "B"   and installed in 
accordance with NFPA 72 .  

b.  Connect alarm notification appliances and speak ers to notification 
appliance circuits (NAC) Class "B".

c.  The system shall operate in the alarm mode upon  actuation of any alarm 
initiating device or a mass notification signal.  T he system shall 
remain in the alarm mode until initiating device(s)  or mass 
notification signal is/are reset and the control pa nel is manually 
reset and restored to normal.  Audible, and visual appliances and 
systems shall comply with NFPA 72  and as specified herein.  Fire alarm 
system/mass notification system components requirin g power, except for 
the control panel power supply, shall operate on 24  Volts dc.
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2.3.2   Functions and Operating Features

The system shall provide the following functions an d operating features:

a.  The FMCP shall provide power, annunciation, sup ervision, and control 
for the system.  Addressable systems shall be micro computer 
(microprocessor or microcontroller) based with a mi nimum word size of 
eight bits with sufficient memory to perform as spe cified.

b.  For Class "A" or "X" circuits with conductor le ngths of 3m (10 feet) or 
less, the conductors shall be permitted to be insta lled in the same 
raceway in accordance with NFPA 72 .

c.  Provide signaling line circuits for each floor.

d.  Provide signaling line circuits for the network .

e.  Provide notification appliance circuits.  The v isual alarm notification 
appliances shall have the flash rates synchronized as required by 
NFPA 72 .

f.  Provide electrical supervision of the primary p ower (AC) supply, 
presence of the battery, battery voltage, and place ment of system 
modules within the control panel.

g.  Provide an audible and visual trouble signal to  activate upon a single 
break or open condition, or ground fault (or short circuit for Class 
"X").  The trouble signal shall also operate upon l oss of primary power 
(AC) supply, absence of a battery supply, low batte ry voltage, or 
removal of alarm or supervisory panel modules.  Pro vide a trouble alarm 
silence feature that shall silence the audible trou ble signal, without 
affecting the visual indicator.  After the system r eturns to normal 
operating conditions, the trouble signal shall agai n sound until the 
trouble is acknowledged.  A smoke sensor in the pro cess of being 
verified for the actual presence of smoke shall not  initiate a trouble 
condition.

h.  Provide program capability via switches in a lo cked portion of the FACP 
to bypass the automatic notification appliance circ uits, fire reporting 
systemair handler shutdown features.  Operation of this programming 
shall indicate this action on the FACP display and printer output.

i.  Alarm, supervisory, and/or trouble signals shal l be automatically 
transmitted to the fire department. .

j.  Alarm functions shall override trouble or super visory functions.  
Supervisory functions shall override trouble functi ons.

k.  The system shall be capable of being programmed  from the panels 
keyboard.  Programmed information shall be stored i n non-volatile 
memory.

l.  The system shall be capable of operating, super vising, and/or 
monitoring both addressable and non-addressable ala rm and supervisory 
devices.

m.  There shall be no limit, other than maximum sys tem capacity, as to the 
number of addressable devices, that may be in alarm  simultaneously.
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n.  Where the fire alarm/mass notification system i s responsible for 
initiating an action in another emergency control d evice or system, 
such as an HVAC system, the addressable fire alarm relay shall be in 
the vicinity of the emergency control device.

o.  An alarm signal shall automatically initiate th e following functions:

(1)  Transmission of an alarm signal to the fire de partment.

(2)  Visual indication of the device operated on th e control panel 
(FACP/MNCP), and on the graphic annunciator.  Indic ation on the 
graphic annunciator shall be by floor, zone or circ uit, and type 
of device.

(3)  Continuous actuation of all alarm notification  appliances.

(4)  Recording of the event via electronically in t he history log of 
the fire control system unit.

(5)  Release of doors held open by electromagnetic devices.

(6)  Operation of the smoke control system.

(7)  Release of power to electric locks (delayed eg ress locks) on 
doors that are part of the means of egress.

(8)  Operation of a smoke sensor in an elevator lob by or other 
location associated with the automatic recall of el evators, shall 
recall the elevators in addition to other requireme nts of this 
paragraph.

(9)  Operation of a duct smoke sensor shall shut do wn the appropriate 
air handler in accordance with NFPA 90A in addition to other 
requirements of this paragraph and as allowed by NFPA 72 .

(11)  Operation of a sprinkler waterflow switch ser ving an elevator 
machinery room or elevator shaft shall operate shun t trip circuit 
breaker(s) to shut down power to the elevators in a ccordance with 
ASME A17.1/CSA B44 .

(12)  Operation of an interface, that operates vibr ating pagers worn 
by hearing-impaired occupants.

p.  A supervisory signal shall automatically initia te the following 
functions:

(1)  Visual indication of the device operated on th e FACP,  and on the 
graphic annunciator, and sound the audible alarm at  the respective 
panel.

(2)  Transmission of a supervisory signal to the fi re department.

(3)  Recording of the event electronically in the h istory log of the 
control unit.

q.  A trouble condition shall automatically initiat e the following 
functions:

(1)  Visual indication of the system trouble on the  FACP,  and on the 
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graphic annunciator, and sound the audible alarm at  the respective 
panel.

(2)  Transmission of a trouble signal to the fire d epartment.

(3)  Recording of the event in the history log of t he control unit.

r.  The maximum permissible elapsed time between th e actuation of an 
initiating device and its indication at the FACP is  10 seconds.

s.  The maximum elapsed time between the occurrence  of the trouble 
condition and its indication at the FACP is 200 sec onds.

t.  Activation of a LOC pushbutton shall activate t he audible and visual 
alarms in the facility.  The  audible message shall  be the one 
associated with the pushbutton activated.

2.4   SYSTEM MONITORING

2.4.1   Valves

Each valve affecting the proper operation of a fire  protection system, 
including automatic sprinkler control valves, stand pipe control valves, 
sprinkler service entrance valve, valves at fire pu mps, isolating valves 
for pressure type waterflow or supervision switches , and valves at backflow 
preventers, whether supplied under this contract or  existing, shall be 
electrically monitored to ensure its proper positio n.  Provide each tamper 
switch with a separate address.

2.4.2   Independent Fire Detection System

Each existing independent smoke detection subsystem , kitchen fire 
extinguishing system, and releasing system (e.g. AF FF) shall be monitored 
both for the presence of an alarm condition and for  a trouble condition.  
Provide each monitored condition with a separate ad dress.

2.5   MASS NOTIFICATION SYSTEM FUNCTIONS

2.5.1   Notification Appliance Network

The audible notification appliance network consists  of speakers located to 
provide intelligible instructions at all locations in the building.  The 
Mass Notification System announcements shall take p riority over all other 
audible announcements of the system including the o utput of the fire alarm 
system in a normal or alarm state.  When a mass not ification announcement 
is activated during a fire alarm, all fire alarm sy stem functions shall 
continue in an alarm state except for the output si gnals of the fire alarm 
audible and visual notification appliances.

2.5.2   Strobes

Provide strobes to alert hearing-impaired occupants .

2.5.3   Text Displays

LED text displays (textural visible appliances) for  hearing impaired 
occupants.  The textual displays shall be programma ble and shall display 
the same content of the voice message being played.   The signs shall be 
able to provide a minimum of 100 mm 4 inch  high letters and be located in 
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high traffic areas easily seen by building occupant s.  The system shall 
interface with the Programmable sign controller to activate the proper 
message.

2.5.4   Wide Area MNS

The Wide Area MNS system (if available) in the area  of the building shall 
not be activated by the in-building MNS.

2.5.5   Voice Notification

An autonomous voice notification control unit is us ed to monitor and 
control the notification appliance network and prov ide consoles for local 
operation.  Using a console, personnel in the build ing can initiate 
delivery of pre-recorded voice messages, provide li ve voice messages and 
instructions, and initiate visual strobe and option al textual message 
notification appliances.  The autonomous voice noti fication control unit 
will temporarily override audible fire alarm notifi cation while delivering 
Mass Notification messages to ensure they are intel ligible.

2.5.6   Installation-Wide Control

If an installation-wide control system for mass not ification exists on the 
base, the autonomous control unit shall communicate  with the central 
control unit of the installation-wide system.  The autonomous control unit 
shall receive commands/messages from the central co ntrol unit and provide 
status information.

2.6   OVERVOLTAGE AND SURGE PROTECTION

2.6.1   Signaling Line Circuit Surge Protection

For systems having circuits located outdoors, commu nications equipment 
shall be protected against surges induced on any si gnaling line circuit and 
shall comply with the applicable requirements of IEEE C62.41.1  and 
IEEE C62.41.2 .  Cables and conductors, that serve as communicati ons links, 
shall have surge protection circuits installed at e ach end that meet the 
following waveform(s):

a.  A 10 microsecond by 1000 microsecond waveform w ith a peak voltage of 
1500 volts and a peak current of 60 amperes.

b.  An 8 microsecond by 20 microsecond waveform wit h a peak voltage of 1000 
volts and a peak current of 500 amperes. Protection  shall be provided 
at the equipment.  Additional triple electrode gas surge protectors, 
rated for the application, shall be installed on ea ch wireline circuit 
within  3 feet  of the building cable entrance.  Fuses shall not b e used 
for surge protection.

2.6.2   Sensor Wiring Surge Protection

Digital and analog inputs and outputs shall be prot ected against surges 
induced by sensor wiring installed outdoors and as shown.  The inputs and 
outputs shall be tested with the following waveform :

a.  A 10 by 1000 microsecond waveform with a peak v oltage of 1500 volts and 
a peak current of 60 amperes.

b.  An 8 by 20 microsecond waveform with a peak vol tage of 1000 volts and a 
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peak current of 500 amperes.  Fuses shall not be us ed for surge 
protection.

2.7   ADDRESSABLE INTERFACE DEVICES

The initiating device being monitored shall be conf igured as a Class "B" 
initiating device circuits.  The system shall be ca pable of defining any 
module as an alarm module and report alarm trouble,  loss of polling, or as 
a supervisory module, and reporting supervisory sho rt, supervisory open or 
loss of polling such as waterflow switches, valve s upervisory switches, 
fire pump monitoring, independent smoke detection s ystems, relays for 
output function actuation, etc.  The module shall b e UL or FM listed as 
compatible with the control panel.  The monitor mod ule shall provide 
address setting means compatible with the control p anel's SLC supervision 
and store an internal identifying code.  Monitor mo dule shall contain an 
integral LED that flashes each time the monitor mod ule is polled and is 
visible through the device cover plate.  Pull stati ons with a monitor 
module in a common backbox are not required to have  an LED.  

2.8   ADDRESSABLE CONTROL MODULE

The control module shall be capable of operating as  a relay (dry contact 
form C) for interfacing the control panel with othe r systems, and to 
control door holders or initiate elevator fire serv ice.  The module shall 
be UL or FM listed as compatible with the control p anel.  The indicating 
device or the external load being controlled shall be configured as a Class 
"B" notification appliance circuits.  The system sh all be capable of 
supervising, audible, visual and dry contact circui ts.  The control module 
shall have both an input and output address.  The s upervision shall detect 
a short on the supervised circuit and shall prevent  power from being 
applied to the circuit.  The control model shall pr ovide address setting 
means compatible with the control panel's SLC super vision and store an 
internal identifying code.  The control module shal l contain an integral 
LED that flashes each time the control module is po lled and is visible 
through the device cover plate.   Control Modules s hall be located in 
environmental areas that reflect the conditions to which they were listed.

2.9   ISOLATION MODULES

Provide isolation modules to subdivide each signali ng line circuit into 
groups of not more than 20 addressable devices betw een adjacent isolation 
modules.

2.10   SMOKE SENSORS

2.10.1   Photoelectric Smoke Sensors

Provide addressable photoelectric smoke sensors as follows:

a.  Provide analog/addressable photoelectric smoke sensors utilizing the 
photoelectric light scattering principle for operat ion in accordance 
with UL 268 .  Smoke sensors shall be listed for use with the f ire alarm 
control panel.

b.  Provide self-restoring type sensors that do not  require any 
readjustment after actuation at the FACP to restore  them to normal 
operation.  Sensors shall be UL listed as smoke-aut omatic fire sensors.

c.  Components shall be rust and corrosion resistan t.  Vibration shall have 
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no effect on the sensor's operation.  Protect the d etection chamber 
with a fine mesh metallic screen that prevents the entrance of insects 
or airborne materials.  The screen shall not inhibi t the movement of 
smoke particles into the chamber.

d.  Provide twist lock bases  for the sensors.  The  sensors shall maintain 
contact with their bases without the use of springs .  Provide companion 
mounting base with screw terminals for each conduct or.  Terminate field 
wiring on the screw terminals.  The sensor shall ha ve a visual 
indicator to show actuation.

e.  The sensor address shall identify the particula r unit, its location 
within the system, and its sensitivity setting.  Se nsors shall be of 
the low voltage type rated for use on a 24 VDC syst em.

f.  An operator at the control panel, having a prop er access level, shall 
have the capability to manually access the followin g information for 
each initiating device.

(1)  Primary status

(2)  Device type

(3)  Present average value

(4)  Present sensitivity selected

(5)  Sensor range (normal, dirty, etc.)

2.10.2   Ionization Type Smoke Sensors

Provide addressable ionization type smoke sensors a s follows:

a.  Provide analog smoke sensors that operate on th e ionization principle 
and are actuated by the presence of visible or invi sible products of 
combustion.  Smoke sensors shall be listed for use with the fire alarm 
control panel.

b.  Provide self-restoring type sensors that do not  require any 
readjustment after actuation at the FACP to restore  them to normal 
operation.  Sensors shall be UL or FM listed as smo ke-automatic fire 
sensors.

c.  Components shall be rust and corrosion resistan t.  Vibration shall have 
no effect on the sensor's operation.  Protect the d etection chamber 
with a fine mesh metallic screen that prevents the entrance of insects 
or airborne materials.  The screen shall not inhibi t the movement of 
smoke particles into the chamber.

d.  Provide twist lock bases for the sensors.  The sensors shall maintain 
contact with their bases without the use of springs .  Provide companion 
mounting base with screw terminals for each conduct or.  Terminate field 
wiring on the screw terminals.  The sensor shall ha ve a visual 
indicator to show actuation.

e.  The sensor address shall identify the particula r unit, its location 
within the system, and its sensitivity setting.  Se nsors shall be of 
the low voltage type rated for use on a 24 VDC syst em.
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f.  An operator at the control panel, having a prop er access level, shall 
have the capability to manually access the followin g information for 
each initiating device.

(1)  Primary status

(2)  Device type

(3)  Present average value

(4)  Present sensitivity selected

(5)  Sensor range (normal, dirty, etc.)

(6)  Sensitivity adjustments for smoke detectors.

2.10.3   Duct Smoke Sensors

Duct-mounted photoelectric smoke detectors shall be  furnished and installed 
where indicated on the drawings and in accordance with NFPA 90A.  Units 
shall consist of a smoke detector as specified in p aragraph Photoelectric 
Detectors, mounted in a special housing fitted with  duct sampling tubes.  
Detector circuitry shall be mounted in a metallic e nclosure exterior to the 
duct.  (It is not permitted to cut the duct insulat ion to install the duct 
detector directly on the duct). Detectors shall hav e a manual reset.  
Detectors shall be rated for air velocities that in clude air flows between  
500 and 4000 fpm .  Detectors shall be powered from the fire alarm p anel.

a.  Sampling tubes shall run the full width of the duct.  The duct detector 
package shall conform to the requirements of NFPA 90A, UL 268 A, and 
shall be UL listed for use in air-handling systems.   The control 
functions, operation, reset, and bypass shall be co ntrolled from the 
fire alarm control panel.

b.  Lights to indicate the operation and alarm cond ition; and the test and 
reset buttons shall be visible and accessible with the unit installed 
and the cover in place.  Remote indicators shall be  provided where 
required by NFPA 72  and these shall be provided with test and reset 
switches.

c.   Remote lamps and switches as well as the affec ted fan units shall be 
properly identified in etched plastic placards.  De tectors shall 
provide for control of auxiliary contacts that prov ide control, 
interlock, and shutdown functions specified in other Sections .  
Auxiliary contacts provide for this function shall be located within  3 
feet  of the controlled circuit or appliance.  The detec tors shall be 
supplied by the fire alarm system manufacturer to e nsure complete 
system compatibility.

2.10.4   Smoke Sensor Testing

Smoke sensors shall be tested in accordance with NFPA 72  and manufacturer's 
recommended calibrated test method.  Submit smoke s ensor testing procedures 
for approval.  In addition to the NFPA 72  requirements, smoke detector 
sensitivity shall be tested during the preliminary tests.
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2.11   HEAT DETECTORS

2.11.1   Heat Detectors

Heat detectors shall be designed for detection of f ire by rate-compensating 
principle.  The alarm condition shall be determined  by comparing sensor 
valve with the stored values.  Heat detector spacin g shall be rated in 
accordance with UL 521 .  Detectors located in areas subject to moisture, 
exterior atmospheric conditions, or hazardous locat ions as defined by 
NFPA 70 , shall be types approved for such locations.

2.11.1.1   Combination Fixed-Temperature and Rate-of-Rise Dete ctors

Detectors shall be designed for semi-flush outlet b ox mounting and 
supported independently of wiring connections.  Con tacts shall be 
self-resetting after response to rate-of-rise princ iple.  Under fixed 
temperature actuation, the detector shall have a pe rmanent external 
indication that is readily visible.  Detector units  located in boiler 
rooms, showers, or other areas subject to abnormal temperature changes 
shall operate on fixed temperature principle only.  The UL 521  test rating 
for the fixed temperature portion shall be  135 degrees F .  The UL 521  test 
rating for the Rate-of-Rise detectors shall be rate d for  50 by 50 feet .

2.11.1.2   Rate Compensating Detectors

Detectors shall be flush mounted horizontal type, w ith outlet box supported 
independently of wiring connections.  Detectors sha ll be hermetically 
sealed and automatically resetting.  Rate Compensat ed detectors shall be 
rated for  50 by 50 feet .

2.11.1.3   Fixed Temperature Detectors

Detectors shall be designed for semi-flush outlet b ox mounting and 
supported independently of wiring connections.  Det ectors shall be designed 
to detect high heat.  The detectors shall have a sp ecific temperature 
setting of  135 degrees F .  The UL 521  test rating for the fixed temperature 
detectors shall be rated for  50 by 50 feet .

2.11.2   Self-Test Routines

Automatic self-test routines shall be performed on each sensor that will 
functionally check sensor sensitivity electronics a nd ensure the accuracy 
of the value being transmitted.  Any sensor that fa ils this test shall 
indicate a trouble condition with the sensor locati on at the control panel.

2.11.3   Operator Access

An operator at the control panel, having the proper  access level, shall 
have the capability to manually access the followin g information for each 
heat sensor:

a.  Primary status

b.  Device type

c.  Present average value

d.  Sensor range
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2.11.4   Operator Control

An operator at the control panel, having the proper  access level, shall 
have the capability to manually control the followi ng information for each 
heat sensor:

a.  Alarm detection sensitivity values

b.  Enable or disable the point/device

c.  Control sensors relay driver output

2.12   ELECTRIC POWER

2.12.1   Primary Power

Power shall be 120 VAC service for the FMCP from th e AC service to the 
building in accordance with NFPA 72 .

2.13   SECONDARY POWER SUPPLY

Provide for system operation in the event of primar y power source failure.  
Transfer from normal to auxiliary (secondary) power  or restoration from 
auxiliary to normal power shall be automatic and sh all not cause 
transmission of a false alarm.

2.13.1   Batteries

Provide sealed, maintenance-free, sealed lead acid batteries as the source 
for emergency power to the FMCP.  Batteries shall c ontain suspended 
electrolyte.  The battery system shall be maintaine d in a fully charged 
condition by means of a solid state battery charger .  Provide an automatic 
transfer switch to transfer the load to the batteri es in the event of the 
failure of primary power.

2.13.1.1   Capacity

Battery size shall be the greater of the following two capacities. 

a.  Sufficient capacity to operate the fire alarm s ystem under supervisory 
and trouble conditions, including audible trouble s ignal devices for 48 
hours and audible and visual signal devices under a larm conditions for 
an additional 15 minutes.  

b.  Sufficient capacity to operate the mass notific ation for 60 minutes 
after loss of AC power.

2.13.1.2   Battery Power  Calculations

a.  Verify that battery capacity exceeds supervisor y and alarm power 
requirements.

(1)  Substantiate the battery calculations for alar m, alert, and 
supervisory power requirements.  Include ampere-hou r requirements 
for each system component and each panel component,  and compliance 
with UL 864 . 

(2)  Provide complete battery calculations for both  the alarm, alert, 
and supervisory power requirements.  Submit ampere- hour 
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requirements for each system component with the cal culations.

(3)  A voltage drop calculation to indicate that su fficient voltage is 
available for proper operation of the system and al l components, 
at the minimum rated voltage of the system operatin g on batteries.

b.  For battery calculations use the following assu mptions:  Assume a 
starting voltage of 24 VDC for starting the calcula tions to size the 
batteries.  Calculate the required Amp-Hours for th e specified standby 
time, and then calculate the required Amp-Hours for  the specified alarm 
time.  Calculate the nominal battery voltage after operation on 
batteries for the specified time period.  Using thi s voltage perform a 
voltage drop calculation for circuit containing dev ice and/or 
appliances remote from the power sources.

2.13.2   Battery Chargers

Provide a solid state, fully automatic, variable ch arging rate battery 
charger.  The charger shall be capable of providing  120 percent of the 
connected system load and shall maintain the batter ies at full charge.  In 
the event the batteries are fully discharged (20.4 Volts dc), the charger 
shall recharge the batteries back to 95 percent of full charge within 48 
hours after a single discharge cycle as described i n paragraph CAPACITY 
above.  Provide pilot light to indicate when batter ies are manually placed 
on a high rate of charge as part of the unit assemb ly if a high rate switch 
is provided.

2.14   FIRE ALARM CONTROL UNIT AND MASS NOTIFICATION CONTR OL UNIT (FMCP)

Provide a complete control panel fully enclosed in a lockable steel 
cabinet  as specified herein.  Operations required for testing or for 
normal care and maintenance of the systems shall be  performed from the 
front of the enclosure.  If more than a single unit  is required at a 
location to form a complete control panel, the unit  cabinets shall match 
exactly.  If more than a single unit is required, a nd is located in the 
lobby/entrance, notify the Contracting Offices Desi gnated Representative 
(COR), prior to installing the equipment.

a.  Each control unit shall provide power, supervis ion, control, and logic 
for the entire system, utilizing solid state, modul ar components, 
internally mounted and arranged for easy access.  E ach control unit 
shall be suitable for operation on a 120 volt, 60 h ertz, normal 
building power supply.  Provide each panel with sup ervisory functions 
for power failure, internal component placement, an d operation.

b.  Visual indication of alarm, supervisory, or tro uble initiation on the 
fire alarm control panel shall be by liquid crystal  display or similar 
means with a minimum of 80 characters.  The mass no tification control 
unit shall have the capability of temporarily deact ivate the fire alarm 
audible notification appliances while delivering vo ice messages.  

c.  Provide secure operator console for initiating recorded messages, 
strobes and displays; and for delivering live voice  messages.  Provide 
capacity for at least eight pre-recorded messages.  Provide the ability 
to automatically repeat pre-recorded messages.  Pro vide a secure 
microphone for delivering live messages.  Provide a dequate discrete 
outputs to temporarily deactivate fire alarm audibl e notification, and 
initiate/synchronize strobes.  Provide a complete s et of 
self-diagnostics for controller and appliance netwo rk.  Provide local 
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diagnostic information display and local diagnostic  information and 
system event log file.

2.14.1   Cabinet

Install control panel components in cabinets large enough to accommodate 
all components and also to allow ample gutter space  for interconnection of 
panels as well as field wiring.  The enclosure shal l be identified by an 
engraved laminated phenolic resin nameplate.  Lette ring on the nameplate 
shall say "Fire Alarm and Mass Notification Control  Panel" and shall not be 
less than  1 inch  high.  Provide prominent rigid plastic or metal 
identification plates for lamps, circuits, meters, fuses, and switches.  
The cabinet shall be provided in a sturdy steel hou sing, complete with back 
box, hinged steel door with cylinder lock, and surf ace mounting provisions.

2.14.2   Control Modules

Provide power and control modules to perform all fu nctions of the FACP.  
Provide audible signals to indicate any alarm, supe rvisory, or trouble 
condition.  The alarm signals shall be different fr om the trouble signal.  
Connect circuit conductors entering or leaving the panel to screw-type 
terminals with each terminal marked for identificat ion.  Locate diodes and 
resistors, if any, on screw terminals in the FACP.  Circuits operating at 
24 VDC shall not operate at less than the UL listed  voltage at the sensor 
or appliance connected.  Circuits operating at any other voltage shall not 
have a voltage drop exceeding 10 percent of nominal  voltage 

2.14.3   Silencing Switches

2.14.3.1   Alarm Silencing Switch

Provide an alarm silencing switch at the FMCP that shall silence the 
audible and visual.  This switch shall be overridde n upon activation of a 
subsequent alarm.

2.14.3.2   Supervisory/Trouble Silencing Switch

Provide supervisory and trouble silencing switch th at shall silence the 
audible trouble and supervisory signal, but not ext inguish the visual 
indicator.  This switch shall be overridden upon ac tivation of a subsequent 
alarm, supervision, or trouble condition.  Audible trouble indication must 
resound automatically every 24 hours after the sile ncing feature has been 
operated.

2.14.4   Non-Interfering

Power and supervise each circuit such that a signal  from one device does 
not prevent the receipt of signals from any other d evice.  Circuits shall 
be manually reset by switch from the FACP after the  initiating device or 
devices have been restored to normal.

2.14.5   Audible Notification System

The Audible Notification System shall comply with t he requirements of 
NFPA 72  for Emergency Voice/Alarm Communications System re quirements 
ISO 7240-16 , IEC 60268-16 , except as specified herein.  The system shall be 
a one-way multi-channel voice notification system i ncorporating user 
selectability of a minimum eight distinct sounds fo r tone signaling, and 
the incorporation of a voice module for delivery of  prerecorded messages.  
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Audible appliances shall produce a temporal code 3 tone for three cycles 
followed by a voice message that is repeated until the control panel is 
reset or silenced.  Automatic messages shall be bro adcast through speakers 
throughout the building/facility   but not in stair s or elevator cabs.  A 
live voice message shall override the automatic aud ible output through use 
of a microphone input at the control panel or the L OC.

a.  When using the microphone, live messages shall be broadcast  throughout 
a selected floor or floors or all call  The system shall be capable of 
operating all speakers at the same time.    The mic roprocessor shall 
actively interrogate circuitry, field wiring, and d igital coding 
necessary for the immediate and accurate rebroadcas ting of the stored 
voice data into the appropriate amplifier input.  L oss of operating 
power, supervisory power, or any other malfunction that could render 
the digitalized voice module inoperative shall auto matically cause the 
code 3 temporal tone to take over all functions ass igned to the failed 
unit in the event an alarm is activated.

b.  The Mass Notification functions shall override the manual or automatic 
fire alarm notification or Public Address (PA) func tions.  Other fire 
alarm functions including transmission of a signal( s) to the fire 
department shall remain operational.  The system sh all have the 
capability of utilizing LOC with redundant controls  of the notification 
system control panel.  Notification Appliance Circu its (NAC) shall be 
provided for the activation of strobe appliances.  The activation of 
the NAC Circuits shall follow the operation of the speaker NAC 
circuits.  Audio output shall be selectable for lin e level.  Amplifier 
outputs shall be not greater than 100 watts RMS out put.  The strobe NAC 
Circuits shall provide at least 2 amps of 24 VDC po wer to operate 
strobes and have the ability to synchronize all str obes.  A hand held 
microphone shall be provided and, upon activation, shall take priority 
over any tone signal, recorded message or PA microp hone operation in 
progress, while maintaining the strobe NAC Circuits  activation.

2.14.5.1   Outputs and Operational Modules

All outputs and operational modules shall be fully supervised with on-board 
diagnostics and trouble reporting circuits.  Provid e form "C" contacts for 
system alarm and trouble conditions.  Provide circu its for operation of 
auxiliary appliance during trouble conditions.  Dur ing a Mass Notification 
event the panel shall not generate nor cause any tr ouble alarms to be 
generated with the Fire Alarm system. 

2.14.5.2   Mass Notification

a.  Mass Notification functions shall take preceden ce over all other 
function performed by the Audible Notification Syst em.  Messages shall 
utilize a female voice .  The following are possible representations of 
the messages to be utilized.  The contractor shall verify actual 
messages with the base fire marshal :

(1)  1000 Hz tones (as required in 18.4.2.1 of NFPA 72 )

(2)   "May I have your attention please.  May I hav e your attention 
please.  An fire emergency has been reported in the  building.  
Please leave the building by the nearest exit or ex it stairway.  
Do not use the elevators."  (Provide a 2 second pau se.)  "May I 
have your attention please, (repeat the message)."
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(3)   "May I have your attention please.  May I hav e your 
attention        please.  insert installation speci fic message here
" (Provide a 2 second pause.)  (repeat the message)

(4)   "May I have your attention please.  May I hav e your attention 
please.  insert installation specific message here"  (Provide a 2 
second pause.)  (repeat the message)

(5)  "May I have your attention please.  May I have  your attention 
please.  insert installation specific message here"  (Provide a 2 
second pause.)  (repeat the message)  

(6)  "May I have your attention please.  May I have  your attention 
please.  insert installation specific message here"  (Provide a 2 
second pause.)  (repeat the message)

b.  Include ALL installation specific message in th is section.

c.  The LOC shall incorporate a Push-To-Talk (PTT) microphone, redundant 
controls and system status indicators of/for the sy stem.  The unit 
shall incorporate microphone override of any tone g eneration or 
prerecorded messages.  The unit shall be fully supe rvised from the 
control panel.  The housing shall contain a latch ( not lock).

d.  Auxiliary Input Module shall be designed to be an outboard expansion 
module to either expand the number of optional LOC' s, or allow a 
telephone interface.

e.  LOC shall incorporate a Push-To-Talk (PTT) micr ophone, and controls to 
allow Public Address paging in the facility.  The P ublic Address paging 
function shall not override any alarm or notificati on functions and 
shall be disabled by such signals.  The microphone shall be handheld 
style. All wiring to the LOC shall be supervised in  accordance with 
UFC 4-021-01 .  Systems that require field modification or are n ot 
supervised for multiple LOC's shall not be approved .

f.  When an installation has more than one LOC, the  LOC's shall be 
programmed to allow only one LOC to be available fo r page or messaging 
at a time.  Once one LOC becomes active, all other LOC's will have an 
indication that the system is busy (Amber Busy Ligh t)and cannot be used 
at that time.  This is to avoid two messages being given at the same 
time.  Also, it must be possible to override or loc kout the LOC's from 
the Master Command Panel (in accordance with NFPA 72 .)  

2.14.6   Memory

Provide each control unit with non-volatile memory and logic for all 
functions.  The use of long life batteries, capacit ors, or other 
age-dependent devices shall not be considered as eq ual to non-volatile 
processors, PROMS, or EPROMS.

2.14.7   Field Programmability

Provide control units and control panels that are f ully field programmable 
for control, initiation, notification, supervisory,  and trouble functions 
of both input and output.  The system program confi guration shall be menu 
driven.  System changes shall be password protected  and shall be 
accomplished using personal computer based equipmen t.  Any proprietary 
equipment and proprietary software needed by qualif ied technicians to 

SECTION 28 31 76  Page 22



Hill Air Force Base, UT, Building 591   HILL591

implement future changes to the fire alarm system s hall be provided as part 
of this contract.

2.14.8   Input/Output Modifications

The FMCP shall contain features that allow the bypa ssing of input devices 
from the system or the modification of system outpu ts.  These control 
features shall consist of a panel mounted keypad.  Any bypass or 
modification to the system shall indicate a trouble  condition on the FMCP.

2.14.9   Resetting

Provide the necessary controls to prevent the reset ting of any alarm, 
supervisory, or trouble signal while the alarm, sup ervisory or trouble 
condition on the system still exists.

2.14.10   Instructions

Provide a typeset printed or typewritten instructio n card mounted behind a 
Lexan plastic or glass cover in a stainless steel o r aluminum frame.  
Install the frame in a conspicuous location observa ble from the FACP.  The 
card shall show those steps to be taken by an opera tor when a signal is 
received as well as the functional operation of the  system under all 
conditions, normal, alarm, supervisory, and trouble .  The instructions 
shall be approved by the Contracting Officer before  being posted.

2.14.11   Walk Test

The FACP shall have a walk test feature.  When usin g this feature, 
operation of initiating devices shall result in lim ited system outputs, so 
that the notification appliances operate for only a  few seconds and the 
event is indicated on the system printer, but no ot her outputs occur.

2.14.12   History Logging

In addition to the required printer output, the con trol panel shall have 
the ability to store a minimum of 400 events in a l og.  These events shall 
be stored in a battery-protected memory and shall r emain in the memory 
until the memory is downloaded or cleared manually.   Resetting of the 
control panel shall not clear the memory.

2.14.13   Remote LCD Text Display 

An LCD text display shall be provided at locations as shown on the 
drawings.  The size shall not exceed  16 inches length by 3 inches deep  with 
a height necessary to meet the requirements of Chap ter 24 of NFPA 72 ).  The 
text display shall as a minimum meet the following requirements:

a.  Two lines of information for high priority mess aging.

b.  Minimum of 20 characters per line (40 total) di splayed.

c.  Text shall be no less than height requirements in Table 24.4.2.20.14.5 
of NFPA 72  and color/contrast requirements of 24.4.2.20 of NFPA 72 .

d.  32K character memory.

e.  Display shall be wall or ceiling mounted.
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f.  Mounting brackets for a convenient wall/cubicle  mount.

g.  During non-emergency periods, display date and time.

h.  All programming shall be accomplished from the Mass Notification 
network.  No user programming shall be required.

An LCD text display shall be provided at locations as shown on the 
drawings.  The LCD text display shall spell out the  words "EVACUATE" and 
"ANNOUNCEMENT" and the remainder of the emergency i nstructions.  The design 
of LCD text display shall be such that it cannot be  read when not 
illuminated.  

2.15   REMOTE FIRE ALARM/MASS NOTIFICATION CONTROL UNITS

Provide complete remote control units fully enclose d in a lockable steel 
enclosure as specified herein.  Operations required  for testing or for 
normal care and maintenance of the control units sh all be performed from 
the front of the enclosure.  If more than a single unit is required at a 
location to form a complete control panel, the unit  enclosures shall match 
exactly.  Each control unit shall provide power, su pervision, control, and 
logic for its portion of the entire system, utilizi ng solid state, modular 
components, internally mounted and arranged for eas y access.  Each control 
unit shall be suitable for operation on a 120 volt,  60 hertz, normal 
building power supply.  Provide each unit with supe rvisory functions for 
power failure, internal component placement, and op eration.

2.15.1   Cabinet

Install remote control unit components in cabinets large enough to 
accommodate components and also to allow ample gutt er space for 
interconnection of units as well as field wiring.  The enclosure shall be 
identified by an engraved laminated phenolic resin nameplate.  Lettering on 
the nameplate shall be labeled "Remote Fire Alarm/M ass Notification Control 
Unit" and shall not be less than one inch high.  Pr ovide prominent rigid 
plastic or metal identification plates for lamps, c ircuits, meters, fuses, 
and switches.  The cabinet shall be provided in a s turdy steel housing, 
complete with back box, hinged steel door with cyli nder lock (keyed the 
same as the FMCP), and surface mounting provisions.

2.15.2   Control Modules

Provide power and control modules to perform all fu nctions of the remote 
control unit.  Provide audible signals to indicate any alarm or trouble 
condition.  The alarm signals shall be different fr om the trouble signal.  
Connect circuit conductors entering or leaving the panel to screw-type 
terminals with each terminal marked for identificat ion.  Locate diodes and 
relays, if any, on screw terminals in the remote co ntrol unit.  Circuits 
shall not have a voltage drop exceeding 10 percent of nominal voltage.  
Circuits shall be arranged so that there is 25 perc ent spare capacity for 
any circuit.

2.15.3   Silencing Switches

Provide an alarm silencing switch at the remote con trol unit that shall 
silence the audible signal and extinguish the visua l alarms.  This switch 
shall be overridden upon activation of a subsequent  alarm.  Provide trouble 
and supervisory silencing switch that shall silence  the audible trouble and 
supervisory signal, but not extinguish the visual i ndicator.  This switch 
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shall be overridden upon activation of a subsequent  trouble or supervisory 
signal.  Audible trouble indication must resound au tomatically every 24 
hours after the silencing feature has been operated .

2.15.4   Non-Interfering

Power and supervise each circuit such that a signal  from one device does 
not prevent the receipt of signals from any other d evice.  Circuits shall 
be manually resettable by switch from the remote co ntrol unit after the 
initiating device or devices have been restored to normal.

2.15.5   Memory

Provide each control unit with non-volatile memory and logic for all 
functions.  The use of long life batteries, capacit ors, or other 
age-dependent devices shall not be considered as eq ual to non-volatile 
processors, PROMS, or EPROMS.

2.15.6   Field Programmability

Provide control units that are fully field programm able for control, 
initiating, supervisory, and trouble functions of b oth input and output.  
The system program configuration shall be menu driv en.  System changes 
shall be password protected and shall be accomplish ed using personal 
computer based equipment.  Any proprietary equipmen t and proprietary 
software needed by qualified technicians to impleme nt future changes to the 
fire alarm system shall be provided as part of this  contract.

2.15.7   Input/Output Modifications

Each remote control unit shall contain features tha t allow the elimination 
of input devices from the system or the modificatio n of system outputs.  
Any such modifications shall indicate a trouble con dition on the remote 
control unit, the FACP, and a printed output of the  trouble condition.

2.15.8   Resetting

Provide the necessary controls to prevent the reset ting of any alarm, 
supervisory, or trouble signal while the alarm, sup ervisory, or trouble 
condition on the system still exists.

2.15.9   Instructions

Provide a typeset printed or typewritten instructio n card mounted behind a 
Lexan plastic or glass cover in a stainless steel o r aluminum frame.  
Install the frame in a conspicuous location observa ble from the remote fire 
alarm control unit.  Install the frame in a conspic uous location observable 
from the remote fire alarm control unit.  The card shall show those steps 
to be taken by an operator when a signal is receive d as well as the 
functional operation of the system under all condit ions, normal, alarm, 
supervisory, and trouble.  The instructions shall b e approved by the 
Contracting Officer before being posted.

2.15.10   Walk Test

Each remote control unit shall have a walk test fea ture.  When using this 
feature, operation of initiating devices shall resu lt in limited system 
outputs, so that the notification appliances operat e for only a few seconds 
and the event is indicated on the system printer, b ut no other outputs 
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occur.

2.15.11   History Logging

In addition to the required printer output, the con trol panel shall have 
the ability to store a minimum of 1000 events in a log.  These events shall 
be stored in a battery-protected memory and shall r emain in the memory 
until the memory is downloaded or cleared manually.   Resetting of the 
control panel shall not clear the memory.

2.16   AMPLIFIERS, PREAMPLIFIERS, TONE GENERATORS

Any amplifiers, preamplifiers, tone generators, digitalized voice generators , 
and other hardware necessary for a complete, operat ional, textual audible 
circuit conforming to NFPA 72  shall be housed in a remote FMCP, terminal 
cabinet, or in the FMCP.  Submit data to indicate t hat the amplifiers have 
sufficient capacity to simultaneously drive all not ification speakers at 
the maximum rating plus 50 percent spare capacity.  Annotate data for each 
circuit on the drawings.  

2.16.1   Operation

The system shall automatically operate and control all building speakers 
except those installed in the stairs and within ele vator cabs.  The 
speakers in the stairs and elevator cabs shall oper ate only when the 
microphone is used to deliver live messages.  

2.16.2   Construction

Amplifiers shall utilize computer grade solid state  components and shall be 
provided with output protection devices sufficient to protect the amplifier 
against any transient up to 10 times the highest ra ted voltage in the 
system.

2.16.3   Inputs

Equip each system with separate inputs for the tone  generator, digitalized 
voice driver and panel mounted microphone .  Microp hone inputs shall be of 
the low impedance, balanced line type.  Both microp hone and tone generator 
input shall be operational on any amplifier.

2.16.4   Tone Generator

The tone generator shall be of the modular, plug-in  type with securely 
attached labels to identify the component as a tone  generator and to 
identify the specific tone it produces.  The tone g enerator shall produce a 
code 3 temporal tone and shall be constantly repeat ed until interrupted by 
either the digitalized voice message, the microphon e input, or the alarm 
silence mode as specified.  The tone generator shal l be single channel with 
an automatic backup generator per channel such that  failure of the primary 
tone generator causes the backup generator to autom atically take over the 
functions of the failed unit and also causes transf er of the common trouble 
relay.

2.16.5   Protection Circuits

Each amplifier shall be constantly supervised for a ny condition that could 
render the amplifier inoperable at its maximum outp ut.  Failure of any 
component shall cause automatic transfer to a desig nated backup amplifier, 

SECTION 28 31 76  Page 26



Hill Air Force Base, UT, Building 591   HILL591

illumination of a visual "amplifier trouble" indica tor on the control 
panel, appropriate logging of the condition on the system printer, and 
other actions for trouble conditions as specified.

2.17   ANNUNCIATOR

2.17.1   Annunciator Panel

Provide an annunciator that includes an LCD display .  The display shall 
indicate the device in trouble/alarm or any supervi sory device.  Display 
the device name, address, and actual building locat ion.

A building floor plan shall be provided mounted (be hind plexiglass or 
similar protective material) at the annunciator loc ation.  The floor plan 
shall indicate all rooms by name and number includi ng the locations of 
stairs and elevators.  The floor plan shall show al l devices and their 
programmed address to facilitate their physical loc ation from the LCD 
display information.

2.17.2   Programming

Where programming for the operation of the annuncia tor is accomplished by a 
separate software program than the software for the  FMCP, the software 
program shall not require reprogramming after loss of power.  The software 
shall be reprogrammable in the field.

2.18   MANUAL STATIONS

Provide metal or plastic, semi-flush mounted, doubl e action, addressable 
manual stations, that are not subject to operation by jarring or 
vibration.  Stations shall be equipped with screw t erminals for each 
conductor.  Stations that require the replacement o f any portion of the 
device after activation are not permitted.  Station s shall be finished in 
fire-engine red with molded raised lettering operat ing instructions of 
contrasting color.  The use of a key or wrench shal l be required to reset 
the station.  Manual stations shall be mounted at 42 inches .  Stations 
shall have a separate screw terminal for each condu ctor.

2.19   NOTIFICATION APPLIANCES

2.19.1   Fire Alarm/Mass Notification Speakers

Audible appliances shall conform to the applicable requirements of UL 464 .  
Appliances shall be connected into notification app liance circuits.    
Surface mounted audible appliances shall be painted  red.  Recessed audible 
appliances shall be installed with a grill that is painted red.

a.  Speakers shall conform to the applicable requir ements of UL 1480 .  
Speakers shall have six different sound output leve ls and operate with 
audio line input levels of 70.7 VRMs and 25 VRMs, b y means of 
selectable tap settings.  Tap settings shall includ e taps of 1/8, 1/4, 
1/2, 1, and 2 watt.  Speakers shall incorporate a h igh efficiency 
speaker for maximum output at minimum power across a frequency range of 
150 Hz to 10,000 Hz, and shall have a sealed back c onstruction.  
Speakers shall be capable of installation on standa rd  4 inch  square 
electrical boxes.  Where speakers and strobes are p rovided in the same 
location, they may be combined into a single wall or ceiling mounted  
unit.  All inputs shall be polarized for compatibil ity with standard 
reverse polarity supervision of circuit wiring via the FMCP.

SECTION 28 31 76  Page 27



Hill Air Force Base, UT, Building 591   HILL591

b.  Provide speaker mounting plates constructed of cold rolled steel having 
a minimum thickness of  16 gauge  or molded high impact plastic and 
equipped with mounting holes and other openings as needed for a 
complete installation.  Fabrication marks and holes  shall be ground and 
finished to provide a smooth and neat appearance fo r each plate.  Each 
plate shall be primed and painted.

c.   Speakers shall utilize screw terminals for ter mination of all field 
wiring.

2.19.2   Visual Notification Appliances

Visual notification appliances shall conform to the  applicable requirements 
of UL 1971  and conform to the Architectural Barriers Act (ABA ).  Colored 
lens, such as amber, shall comply with UL 1638 .  The manufacturer shall 
have the color lens tested to the full UL 1971  polar plotting criteria, 
voltage drop, and temperature rise as stated in 197 1.  Fire Alarm 
Notification Appliances shall have clear high inten sity optic lens, xenon 
flash tubes, and be marked "Fire" in red letters.Fi re Alarm/Mass 
Notification Appliances shall have amber high inten sity optic lens, xenon 
flash tubes, and output white light and be marked " ALERT" in red letters.  
The light pattern shall be disbursed so that it is visible above and below 
the strobe and from a 90 degree angle on both sides  of the strobe.  Strobe 
flash rate shall be 1 flash per second and a minimu m of 15 candela (actual 
output after derating for tinted lens) based on the  UL 1971  test.  Strobe 
shall be semi-flush mounted.  Where more than two a ppliances are located in 
the same room or corridor or field of view, provide  synchronized operation.
  Devices shall use screw terminals for all field w iring.

2.20   ENVIRONMENTAL ENCLOSURES OR GUARDS

Environmental enclosures shall be provided to permi t Fire Alarm or Mass 
Notification components to be used in areas that ex ceed the environmental 
limits of the listing.  The enclosure shall be list ed for the device or 
appliance as either a manufactured part number or a s a listed compatible 
accessory for the UL category that the component is  currently listed.  
Guards required to deter mechanical damage shall be  either a listed 
manufactured part or a listed accessory for the cat egory of the initiating 
device or notification appliance.

2.21   INTERFACE TO THE BASE WIDE MASS NOTIFICATION NETWORK

2.21.1   Fiber Optic

The fiber optic transceiver shall be fully compatib le with EIA standards 
for RS-232, RS-422 and RS-485 at data rates from 0 (DC) to 2.1 mbps (200 
kbps for RS-232) in the low speed mode or from 10 k bps to 10 mbps in the 
high-speed mode.  The fiber optic transceiver shall  be capable of simplex 
or full duplex asynchronous transmissions in both p oint-to-point systems 
and drop-and-repeat data networks.  The fiber optic  transceiver shall be 
user configurable for the protocol, speed and mode of operation required.  
The fiber optic transceiver shall be installed as a  stand-alone unit.  The 
fiber optic transceiver shall operate on Multi-mode  fiber optic cable.  The 
fiber optic transceiver shall be supplied with ST o r FCPC type optical 
connectors.  Cabling: as specified in Section 27 10 00  BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.
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2.21.2   Radio

The radio transceiver shall be bi-direction and mee t all the requirements 
of paragraph, RADIO TRANSMITTER AND INTERFACE PANEL S as specified in this 
Specification Section.  The transceiver utilized in  the Mass Notification 
System shall be capable of the following:

a.  Communication with the Central Control/Monitori ng System to provide 
supervision of communication link and status change s are reported by 
automatic and manual poll/reply/acknowledge routine s.

b.  All monitored points/status changes are transmi tted immediately and at 
programmed intervals until acknowledged by the Cent ral 
Control/Monitoring System.

c.  Each transceiver shall transmits a unique ident ity code as part of all 
messages; the code is set by the user at the transc eiver.

2.21.2.1   Radio Frequency Communications

Use of radio frequency-type communications systems shall comply with 
National Telecommunications and Information Adminis tration (NTIA) 
requirements.

2.21.2.2   Licensed Radio Frequency Systems

An approved DD Form 1494 for the system is required  prior to operation.

2.21.3   Telephone

A modem shall be provide for communication with the  Central 
Control/Monitoring System.  The modem shall be 56k,  compatible with data 
mode V.90, utilizing Hayes compatible command codes .  The modem shall be 
capable of Auto dialing a preset number based on pr eprogrammed events.  The 
modem shall auto answer and provide a secure passwo rd protection system.  
Cabling: as specified in Section 27 10 00  BUILDING TELECOMMUNICATIONS 
CABLING SYSTEM.

2.21.4   Secure Radio System

2.21.4.1   Communications Network

The communications network provides two-way signals  between central control 
units and autonomous control units (in individual b uilding systems), and 
should include redundant (primary and backup) commu nication links.  The 
system shall incorporate technology to prevent easy  interruption of the 
radio traffic for MNS Alerting.

2.21.4.2   Radio Frequency Communications

Use of radio frequency-type communications systems shall comply with 
National Telecommunications and Information Adminis tration (NTIA) 
requirements.  The systems shall be designed to min imize the potential for 
interference, jamming, eavesdropping, and spoofing.

2.21.4.3   Licensed Radio Frequency Systems

An approved DD Form 1494 for the system is required  prior to operation.
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2.22   AUTOMATIC FIRE TRANSMITTERS

2.22.1   Radio Transmitter and Interface Panels

Transmitters shall be compatible with proprietary s upervising station 
receiving equipment.  Each radio alarm transmitter shall be the 
manufacturer's recognized commercial product, compl etely assembled, wired, 
factory tested, and delivered ready for installatio n and operation.  
Transmitters shall be provided in accordance with a pplicable portions of 
NFPA 72 , Federal Communications Commission (FCC) 47 CFR 90  and Federal 
Communications Commission (FCC) 47 CFR 15 .  Transmitter electronics module 
shall be contained within the physical housing as a n integral, removable 
assembly.  The proprietary supervising station rece iving equipment is 
Monaco brand.  and the transceiver shall be fully compatible with  this 
equipment.  At the contractors option, and if UL or  FM listed, the 
transmitter may be housed in the same panel as the fire alarm control 
panel.  The transmitter shall be Narrowband radio, with FCC certification 
for narrowband operation and meets the requirements  of the NTIA (National 
Telecommunications and Information Administration) Manual of Regulations 
and Procedures for Federal Frequency Management.

2.22.1.1   Operation

Operate each transmitter from 120-volt ac power. In  the event of 120-volt 
ac power loss, the transmitter shall automatically switch to battery 
operation.  Switchover shall be accomplished with n o interruption of 
protective service, and shall automatically transmi t a trouble message.  
Upon restoration of ac power, transfer back to norm al ac power supply shall 
also be automatic.

2.22.1.2   Battery Power

Transmitter standby battery capacity shall provide sufficient power to 
operate the transmitter in a normal standby status for a minimum of 72 
hours and be capable of transmitting alarms during that period.

2.22.1.3   Transmitter Housing

Use NEMA Type 1 for housing.  The housing shall con tain a lock that is 
keyed identical to radio alarm transmitter housings  on the base.  Radio 
alarm transmitter housing shall be factory painted with a suitable priming 
coat and not less than two coats of a hard, durable  weatherproof enamel.   

2.22.1.4   Antenna

Antenna shall be omnidirectional, coaxial, halfwave  dipole antennas for 
radio alarm transmitters with a driving point imped ance to match 
transmitter output.  The antenna and antenna mounts  shall be corrosion 
resistant and designed to withstand wind velocities  of  100 mph .  Do not 
mount antennas to any portion of the building roofi ng system.  Protect the 
antenna from physical damage.

2.22.2   Digital Alarm Communicator Transmitter (DACT)

Provide DACT that is compatible with the existing s upervising station fire 
alarm system.  Transmitter shall have a means to tr ansmit alarm, 
supervisory, and trouble conditions via a single tr ansmitter.  Transmitter 
shall have a source of power for operation that con forms to NFPA 72 . 
Transmitter shall be capable of initiating a test s ignal daily at any 
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selected time.  Transmitter shall be arranged to se ize telephone circuits 
in accordance with NFPA 72 .

2.22.3   Signals to Be Transmitted to the Base Receiving Sta tion

The following signals shall be sent to the base rec eiving station:

a.  Sprinkler water flow

b.  Manual pull stations

c.  Smoke detectors

d.  Duct smoke detectors

f.  Heat detectors

h.  Sprinkler valve supervision

2.23   WIRING

Provide wiring materials under this section as spec ified in Section 26 20 00
 INTERIOR DISTRIBUTION SYSTEM with the additions an d modifications 
specified herein.  NFPA 70  accepted fire alarm cables that do not require 
the use of raceways except as modified herein are p ermitted.

2.23.1   Alarm Wiring

The SLC wiring shall be solid copper cable in accor dance with the 
manufacturers requirements.  Copper signaling line circuits and initiating 
device circuit field wiring shall be No. 16 AWG siz e twisted and shielded 
solid conductors at a minimum.  Visual notification  appliance circuit 
conductors, that contain audible alarm appliances, shall be solid copper 
No. 14 AWG size conductors at a minimum.  Speaker c ircuits shall be copper 
No. 14 AWG size twisted and shielded conductors at a mini mum.  Wire size 
shall be sufficient to prevent voltage drop problem s.  Circuits operating 
at 24 VDC shall not operate at less than the UL lis ted voltages for the 
sensors and/or appliances. Power wiring, operating at 120 VAC minimum, 
shall be a minimum No. 12 AWG solid copper having s imilar insulation.  
Acceptable power-limited cables are FPL, FPLR or FP LP as appropriate with 
red colored covering.  Nonpower-limited cables shal l comply with NFPA 70 .

PART 3   EXECUTION

3.1   INSTALLATION OF FIRE ALARM INITIATING DEVICES AND N OTIFICATION 
APPLIANCES

3.1.1   FMCP

Locate the FMCP where indicated on the drawings.  S emi-recess the enclosure 
with the top of the cabinet  6 feet  above the finished floor or center the 
cabinet at  5 feet , whichever is lower.  Conductor terminations shall  be 
labeled and a drawing containing conductors, their labels, their circuits, 
and their interconnection shall be permanently moun ted in the FMCP.

3.1.2   Manual Stations:

Locate manual stations as required by NFPA 72   and as indicated on the 
drawings .  Mount stations so that their operating handles a re  4 feet  above 
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the finished floor.  Mount stations so they are loc ated no farther than  5 
feet  from the exit door they serve, measured horizontal ly.

3.1.3   Notification Appliance Devices

Locate notification appliance devices where indicat ed.  Mount assemblies on 
walls as required by NFPA 72  and to meet the intelligibility requirements.  
Ceiling mounted speakers shall conform to NFPA 72 .

3.1.4   Smoke and Heat Sensors

Locate sensors as indicated on a  4 inch  mounting box.  Locate smoke and 
heat sensors on the ceiling.  Install heat sensors not less than  4 inches  
from a side wall to the near edge.  Heat sensors lo cated on the wall shall 
have the top of the sensor at least  4 inches  below the ceiling, but not 
more than  12 inches  below the ceiling.  Smoke sensors are permitted to  be 
on the wall no lower than  12 inches  from the ceiling with no minimum 
distance from the ceiling.  In raised floor spaces,  install the smoke 
sensors to protect  225 square feet  per sensor.  Install smoke sensors no 
closer than  5 feet  from air handling supply outlets.

3.1.5   Annunciator

Locate the  annunciator as shown on the drawings.  Surface mount the panel, 
with the top of the panel  6 feet  above the finished floor or center the 
panel at  5 feet , whichever is lower.

3.1.6   Water Flow Detectors and Tamper Switches

Connect to water flow detectors and tamper switches .

3.1.7   Firefighter Telephones

Locate wall mounted in each stair at each floor lan ding, in each elevator 
lobby, and in each elevator cab  4 feet  above the finished floor.

3.1.8   Local Operating Console (LOC)

Locate the LOC as required by NFPA 72  and as indicated.  Mount the console 
so that the top message button is no higher than  44 inches  above the floor.

3.2   SYSTEM FIELD WIRING

3.2.1   Wiring within Cabinets, Enclosures, and Boxes

Provide wiring installed in a neat and workmanlike manner and installed 
parallel with or at right angles to the sides and b ack of any box, 
enclosure, or cabinet.  Conductors that are termina ted, spliced, or 
otherwise interrupted in any enclosure, cabinet, mo unting, or junction box 
shall be connected to screw-type terminal blocks.  Mark each terminal in 
accordance with the wiring diagrams  of the system.  The use of wire nuts or 
similar devices is prohibited.  Conform wiring to NFPA 70 .

Indicate the following in the wiring diagrams.

a.  Point-to-point wiring diagrams showing the poin ts of connection and 
terminals used for electrical field connections in the system, 
including interconnections between the equipment or  systems that are 
supervised or controlled by the system.  Diagrams s hall show 
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connections from field devices to the FACP and remo te fire alarm 
control units, initiating circuits, switches, relay s and terminals.

b.  Complete riser diagrams indicating the wiring s equence of devices and 
their connections to the control equipment.  Includ e a color code 
schedule for the wiring.  Include floor plans showi ng the locations of 
devices and equipment.

3.2.2   Terminal Cabinets

Provide a terminal cabinet at the base of any circu it riser, on each floor 
at each riser, and where indicated on the drawings.   Terminal size shall be 
appropriate for the size of the wiring to be connec ted.  Conductor 
terminations shall be labeled and a drawing contain ing conductors, their 
labels, their circuits, and their interconnection s hall be permanently 
mounted in the terminal cabinet.  Minimum size is  8 inches by 8 inches .  
Only screw-type terminals are permitted.

3.2.3   Alarm Wiring

Voltages shall not be mixed in any junction box, ho using, or device, except 
those containing power supplies and control relays.   Provide all wiring in 
electrical metallic conduit. Conceal conduit in fin ished areas of new 
construction and wherever practicable in existing c onstruction.  The use of 
flexible conduit not exceeding a  6 foot  length shall be permitted in 
initiating device or notification appliance circuit s.  Run conduit or 
tubing (rigid, IMC, EMT, FMC, etc. as permitted by NFPA 72  and NFPA 70 ) 
concealed unless specifically indicated otherwise.  

3.2.4   Conductor Terminations

Labeling of conductors at terminal blocks in termin al cabinets, FMCP, and 
remote FMCP and the LOC shall be provided at each c onductor connection.  
Each conductor or cable shall have a shrink-wrap la bel to provide a unique 
and specific designation.  Each terminal cabinet, F MCP, and remote FMCP 
shall contain a laminated drawing that indicates ea ch conductor, its label, 
circuit, and terminal.  The laminated drawing shall  be neat, using 12 point 
lettering minimum size, and mounted within each cab inet, panel, or unit so 
that it does not interfere with the wiring or termi nals.  Maintain existing 
color code scheme where connecting to existing equi pment.

3.3   DISCONNECTION AND REMOVAL OF EXISTING SYSTEM

Maintain existing fire alarm equipment fully operat ional until the new 
equipment has been tested and accepted by the Contr acting Officer.  As new 
equipment is installed, label it "NOT IN SERVICE" u ntil the new equipment 
is accepted.  Once the new system is completed, tes ted, and accepted by the 
Government, it shall be placed in service and conne cted to the station fire 
alarm system.  Remove tags from new equipment and t ag the existing 
equipment "NOT IN SERVICE" until removed from the b uilding.

a.  After acceptance of the new system by the Contr acting Officer, remove 
existing equipment not connected to the new system,  remove unused 
exposed conduit, and restore damaged surfaces.  Rem ove the material 
from the site and dispose.

b.  Disconnect and remove the existing fire alarm a nd smoke detection 
systems where indicated and elsewhere in the specif ication.
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c.  Control panels and fire alarm devices and appli ances  disconnected and 
removed shall be turned over to the Contracting Off icer.

d.  Properly dispose of fire alarm outlet and junct ion boxes, wiring, 
conduit, supports, and other such items.

3.4   CONNECTION OF NEW SYSTEM

The following new system connections shall be made during the last phase of 
construction, at the beginning of the preliminary t ests.  New system 
connections shall include:

a.  Connection of new control modules to existing m agnetically held smoke 
door (hold-open) devices.

b.  Connection of new elevator recall smoke sensors  to existing wiring and 
conduit.

c.  Connection of new system transmitter to existin g base fire reporting 
system.

Once these connections are made, system shall be le ft energized and new 
audio/visual devices deactivated.  Report immediate ly to the Contracting 
Officer, coordination and field problems resulting from the connection of 
the above components.

3.5   FIRESTOPPING

Provide firestopping for holes at conduit penetrati ons through floor slabs, 
fire rated walls, partitions with fire rated doors,  corridor walls, and 
vertical service shafts in accordance with Section 07 84 00  FIRESTOPPING.

3.6   PAINTING

Paint exposed electrical, fire alarm conduit, and s urface metal raceway to 
match adjacent finishes in exposed areas.  Paint ju nction boxes red in 
unfinished areas and conduits and surface metal rac eways shall be painted 
with a  1-inch  wide red band every  10 feet  in unfinished areas..  Painting 
shall comply with Section 09 90 00  PAINTS AND COATINGS.

3.7   FIELD QUALITY CONTROL

3.7.1   Testing Procedures

Submit detailed test procedures, prepared and signe d by a Registered 
Professional Engineer or a NICET Level 4 Fire Alarm  Technician, and signed 
by representative of the installing company, for th e fire detection and 
alarm system 60 days prior to performing system tes ts.  Detailed test 
procedures shall list all components of the install ed system such as 
initiating devices and circuits, notification appli ances and circuits, 
signaling line devices and circuits, control device s/equipment, batteries, 
transmitting and receiving equipment, power sources /supply, annunciators, 
special hazard equipment, emergency communication e quipment, interface 
equipment, Guard's Tour equipment, and transient (s urge) suppressors.  Test 
procedures shall include sequence of testing, time estimate for each test, 
and sample test data forms.  The test data forms sh all be in a check-off 
format (pass/fail with space to add applicable test  data; similar to the 
forma in NFPA 72 ) and shall be used for the preliminary testing and  the 
acceptance testing.  The test data forms shall reco rd the test results and 
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shall:

a.  Identify the NFPA Class of all Initiating Devic e Circuits (IDC), 
Notification Appliance Circuits (NAC), Voice Notifi cation System 
Circuits (NAC Audio), and Signaling Line Circuits ( SLC).

b.  Identify each test required by NFPA 72  Test Methods and required test 
herein to be performed on each component, and descr ibe how this test 
shall be performed.

c.  Identify each component and circuit as to type,  location within the 
facility, and unique identity within the installed system.  Provide 
necessary floor plan sheets showing each component location, test 
location, and alphanumeric identity.

d.  Identify all test equipment and personnel requi red to perform each test 
(including equipment necessary for testing smoke de tectors using real 
smoke).

e.  Provide space to identify the date and time of each test.  Provide 
space to identify the names and signatures of the i ndividuals 
conducting and witnessing each test.

3.7.2   Tests Stages

3.7.2.1   Preliminary Testing

Conduct preliminary tests to ensure that devices an d circuits are 
functioning properly.  Tests shall meet the require ments of paragraph 
entitled "Minimum System Tests."  After preliminary  testing is complete, 
provide a letter certifying that the installation i s complete and fully 
operable.  The letter shall state that each initiat ing and indicating 
device was tested in place and functioned properly.   The letter shall also 
state that panel functions were tested and operated  properly.  The letter 
shall include the names and titles of the witnesses  to the preliminary 
tests.  The Contractor and an authorized representa tive from each supplier 
of equipment shall be in attendance at the prelimin ary testing to make 
necessary adjustments.

3.7.2.2   Request for Formal Inspection and Tests

When tests have been completed and corrections made , submit a signed, dated 
certificate with a request for formal inspection an d tests to the 
Contracting Offices Designated Representative (COR) .

3.7.2.3   Final Testing

Notify the Contracting Officer in writing when the system is ready for 
final acceptance testing.  Submit request for test at least 15 calendar 
days prior to the test date.  The tests shall be pe rformed in accordance 
with the approved test procedures in the presence o f the Contracting 
Officer.  Furnish instruments and personnel require d for the tests.  A 
final acceptance test will not be scheduled until t he following are 
provided at the job site:

a.  The systems manufacturer's technical representa tive

 b.  Marked-up red line drawings of the system as ac tually installed

SECTION 28 31 76  Page 35



Hill Air Force Base, UT, Building 591   HILL591

 c.  Megger test results

d.  Loop resistance test results

 e.  Complete program printout including input/outpu t addresses

The final tests will be witnessed by the Contractin g Offices Designated 
Representative (COR).  At this time, any and all re quired tests shall be 
repeated at their discretion.

3.7.2.4   System Acceptance

Following acceptance of the system, as-built drawings  and O&M manuals shall 
be delivered to the Contracting Officer for review and acceptance.  Submit 
six sets of detailed as-built drawings. The drawing s shall show the system 
as installed, including deviations from both the pr oject drawings and the 
approved shop drawings.  These drawings shall be su bmitted within two weeks 
after the final acceptance test of the system.  At least one set of 
as-built (marked-up) drawings shall be provided at the time of, or prior to 
the final acceptance test.

a.  Furnish one set of CD or DVD discs containing s oftware back-up and CAD 
based drawings in latest version of AutoCAD and DXF  format of as-built 
drawings and schematics.

b.  Include complete wiring diagrams showing connec tions between devices 
and equipment, both factory and field wired.

c.  Include a riser diagram and drawings showing th e as-built location of 
devices and equipment.

In existing buildings, the transfer of devices from  the existing system to 
the new system and the permission to begin demoliti on of the old fire alarm 
system will not be permitted until the as-built dra wings and O&M manuals 
are received.

3.7.3   Minimum System Tests

Test the system in accordance with the procedures o utlined in NFPA 72 , 
ISO 7240-16 , IEC 60268-16 .  The required tests are as follows:

a.  Megger Tests:  After wiring has been installed,  and prior to making any 
connections to panels or devices, wiring shall be m egger tested for 
insulation resistance, grounds, and/or shorts.  Con ductors with 300 
volt rated insulation shall be tested at a minimum of 250 VDC.  
Conductors with 600 volt rated insulation shall be tested at a minimum 
of 500 VDC.  The tests shall be witnessed by the Co ntracting Officer 
and test results recorded for use at the final acce ptance test.

b.  Loop Resistance Tests:  Measure and record the resistance of each 
circuit with each pair of conductors in the circuit  short-circuited at 
the farthest point from the circuit origin.  The te sts shall be 
witnessed by the Contracting Officer and test resul ts recorded for use 
at the final acceptance test.

c.  Verify the absence of unwanted voltages between  circuit conductors and 
ground.  The tests shall be accomplished at the pre liminary test with 
results available at the final system test.
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d.  Verify that the control unit is in the normal c ondition as detailed in 
the manufacturer's O&M manual.

e.  Test each initiating device and notification ap pliance and circuit for 
proper operation and response at the control unit. Smoke sensors shall 
be tested in accordance with manufacturer's recomme nded calibrated test 
method.  Use of magnets is prohibited. Testing of d uct smoke detectors 
shall comply with the requirements of NFPA 72  except that, for item 
12(e) (Supervision) in Table 14.4.2.2, disconnect a t least 20 percent 
of devices.  If there is a failure at these devices , then supervision 
shall be tested at each device.  

f.  Test the system for specified functions in acco rdance with the contract 
drawings and specifications and the manufacturer's O&M manual.

g.  Test both primary power and secondary power.  V erify, by test, the 
secondary power system is capable of operating the system for the time 
period and in the manner specified.

h.  Determine that the system is operable under tro uble conditions as 
specified.

i.  Visually inspect wiring.

j.  Test the battery charger and batteries.

k.  Verify that software control and data files hav e been entered or 
programmed into the FACP.  Hard copy records of the  software shall be 
provided to the Contracting Officer.

l.  Verify that red-line drawings are accurate.

m.   Measure the current in circuits to ensure ther e is the calculated 
spare capacity for the circuits.

n.  Measure voltage readings for circuits to ensure  that voltage drop is 
not excessive.

o.  Disconnect the verification feature for smoke s ensors during tests to 
minimize the amount of smoke needed to activate the  sensor.  Testing of 
smoke sensors shall be conducted using real smoke o r the use of canned 
smoke which is permitted.

p.  Measure the voltage drop at the most remote  ap pliance (based on wire 
length) on each notification appliance circuit.

3.7.3.1   Intelligibility Tests

Intelligibility testing of the System shall be acco mplished in accordance 
with NFPA 72  for Voice Evacuation Systems, IEC 60268-16 , and ASA S3.2 .  
Following are the specific requirements for intelli gibility tests:

a.  Intelligibility  Requirements:  Verify intellig ibility by measurement 
after installation.

b.  Ensure that a CIS value greater than the requir ed minimum value is 
provided in each area where building occupants typi cally could be 
found. The minimum required value for CIS is .8.
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c.  Areas of the building provided with hard wall a nd ceiling surfaces 
(such as metal or concrete) that are found to cause  excessive sound 
reflections may be permitted to have a CIS score le ss than the minimum 
required value if approved by the DOD installation,  and if building 
occupants in these areas can determine that a voice  signal is being 
broadcast and they must walk no more than  33 feet  to find a location 
with at least the minimum required CIS value within  the same area.

d.  Areas of the building where occupants are not e xpected to be normally 
present are permitted to have a CIS score less than  the minimum 
required value if personnel can determine that a vo ice signal is being 
broadcast and they must walk no more than  50 feet  to a location with at 
least the minimum required CIS value within the sam e area.

e.  Take measurements near the head level applicabl e for most personnel in 
the space under normal conditions (e.g., standing, sitting, sleeping, 
as appropriate).

f.  The distance the occupant must walk to the loca tion meeting the minimum 
required CIS value shall be measured on the floor o r other walking 
surface as follows:

(1)   Along the centerline of the natural path of t ravel, starting 
from  any point subject to occupancy with less than  the minimum 
required CIS value.

(2)   Curving around any corners or obstructions, w ith a  12 inches  
clearance there from.

(3)   Terminating directly below the location where  the minimum 
required CIS value has been obtained.

Use commercially available test instrumentation to measure intelligibility 
as specified by ISO 7240-19  and ISO 7240-16  as applicable.  Use the mean 
value of at least three readings to compute the int elligibility score at 
each test location.

3.8   INSTRUCTION OF GOVERNMENT EMPLOYEES

3.8.1   Instructor

Include in the project the services of an instructo r, who has received 
specific training from the manufacturer for the tra ining of other persons 
regarding the inspection, testing, and maintenance of the system provided.  
The instructor shall train the Government employees  designated by the 
Contracting Officer, in the care, adjustment, maint enance, and operation of 
the fire alarm and fire detection system.  Each ins tructor shall be 
thoroughly familiar with all parts of this installa tion.  The instructor 
shall be trained in operating theory as well as in practical O&M work.  
Submit the instructors information and qualificatio ns including the 
training history.

3.8.2   Required Instruction Time

Provide 8 hours of instruction after final acceptan ce of the system.  The 
instruction shall be given during regular working h ours on such dates and 
times as are selected by the Contracting Officer.  The instruction may be 
divided into two or more periods at the discretion of the Contracting 
Officer.  The training shall allow for rescheduling  for unforeseen 
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maintenance and/or fire department responses.

3.8.2.1   Technical Training

Equipment manufacturer or a factory representative shall provide 1 days of 
on site   Training shall allow for classroom instru ction as well as 
individual hands on programming, troubleshooting an d diagnostics 
exercises.   training shall occur within 6 months o f system acceptance.

3.9   Technical Data and Computer Software

Provide, in manual format, lesson plans, operating instructions, 
maintenance procedures, and training data for the t raining courses.  The 
operations training shall familiarize designated go vernment personnel with 
proper operation of the installed system.  The main tenance training course 
shall provide the designated government personnel a dequate knowledge 
required to diagnose, repair, maintain, and expand functions inherent to 
the system.

  
3.10   OPERATION AND MAINTENANCE (O&M) INSTRUCTIONS

Submit 6 copies of the Operation and Maintenance In structions, indexed and 
in booklet form.  The Operation and Maintenance Ins tructions shall be a 
single volume or in separate volumes, and may be su bmitted as a Technical 
Data Package.  Manuals shall be approved prior to t raining.  The Interior 
Fire Alarm And Mass Notification System Operation a nd Maintenance 
Instructions shall include:

a.  "Manufacturer Data Package 5" as specified in S ection 01 78 23  
OPERATION AND MAINTENANCE DATA.

b.  Operating manual outlining step-by-step procedu res required for system 
startup, operation, and shutdown.  The manual shall  include the 
manufacturer's name, model number, service manual, parts list, and 
complete description of equipment and their basic o perating features.

c.  Maintenance manual listing routine maintenance procedures, possible 
breakdowns and repairs, and troubleshooting guide.  The manuals shall 
include conduit layout, equipment layout and simpli fied wiring, and 
control diagrams of the system as installed.

d.  The manuals shall include complete procedures f or system revision and 
expansion, detailing both equipment and software re quirements.

e.  Software delivered for this project shall be pr ovided, on each type of 
CD/DVD media utilized.

f.  Printouts of configuration settings for all dev ices.

g.  Routine maintenance checklist.  The routine mai ntenance checklist shall 
be arranged in a columnar format.  The first column  shall list all 
installed devices, the second column shall state th e maintenance 
activity or state no maintenance required, the thir d column shall state 
the frequency of the maintenance activity, and the fourth column for 
additional comments or reference.  All data (device s, testing 
frequencies, etc.) shall comply with UFC 3-601-02 .
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3.11   EXTRA MATERIALS

3.11.1   Repair Service/Replacement Parts

Repair services and replacement parts for the syste m shall be available for 
a period of 10 years after the date of final accept ance of this work by the 
Contracting Officer.  During guarantee period, the service technician shall 
be on-site within 24 hours after notification.  All  repairs shall be 
completed within 24 hours of arrival on-site.

3.11.2   Interchangeable Parts

Spare parts furnished shall be directly interchange able with the 
corresponding components of the installed system.  Spare parts shall be 
suitably packaged and identified by nameplate, tagg ing, or stamping.  Spare 
parts shall be delivered to the Contracting Officer  at the time of the 
final acceptance testing.

3.11.3   Spare Parts

Furnish the following spare parts and accessories:

a.  Four fuses for each fused circuit

b.  Two of each type of notification appliance in t he system (e.g. speaker, 
FA strobe, MNS strobe, etc.)

c.  Two of each type of initiating device included in the system (e.g. 
smoke detector, thermal detector, manual station, e tc.)

3.11.4   Special Tools 

Software, connecting cables and proprietary equipme nt, necessary for the 
maintenance, testing, and reprogramming of the equi pment shall be furnished 
to the Contracting Officer.

    -- End of Section --

SECTION 28 31 76  Page 40



SECTION 31 00 00 Page 1

************************************************************************** 
USACE / NAVFAC / AFCEC / NASA UFGS-31 00 00 (August 2008)

Change 1 - 11/15
---------------------------

Preparing Activity: USACE Superseding
UFGS-31 00 00 (July 2006) 

UNIFIED FACILITIES GUIDE SPECIFICATIONS

References are in agreement with UMRL dated January 2020
**************************************************************************

SECTION TABLE OF CONTENTS 

DIVISION 31 - EARTHWORK 

SECTION 31 00 00 

EARTHWORK

08/08

PART 1 GENERAL

1.1 MEASUREMENT PROCEDURES
1.1.1 Excavation
1.1.2 Piping Trench Excavation
1.1.3 Rock Excavation for Trenches
1.1.4 Topsoil Requirements
1.1.5 Overhaul Requirements
1.1.6 Select Granular Material

1.2 PAYMENT PROCEDURES
1.2.1 Classified Excavation
1.2.2 Piping Trench Excavation
1.2.3 Rock Excavation for Trenches
1.2.4 Unclassified Excavation
1.2.5 Classified Borrow
1.2.6 Unclassified Borrow
1.2.7 Authorized Overhaul
1.2.8 Sheeting and Bracing
1.2.8.1 Timber Sheeting
1.2.8.2 Steel Sheeting and Soldier Piles

1.3 CRITERIA FOR BIDDING
1.4 REFERENCES
1.5 DEFINITIONS
1.5.1 Satisfactory Materials
1.5.2 Unsatisfactory Materials
1.5.3 Cohesionless and Cohesive Materials
1.5.4 Degree of Compaction
1.5.5 Overhaul
1.5.6 Topsoil
1.5.7 Hard/Unyielding Materials
1.5.8 Rock
1.5.9 Unstable Material
1.5.10 Select Granular Material
1.5.10.1 General Requirements
1.5.10.2 California Bearing Ratio Values



SECTION 31 00 00 Page 2

1.5.11 Initial Backfill Material
1.5.12 Expansive Soils
1.5.13 Nonfrost Susceptible (NFS) Material
1.5.14 Pile Supported Structure

1.6 SYSTEM DESCRIPTION
1.6.1 Classification of Excavation
1.6.1.1 Common Excavation
1.6.1.2 Rock Excavation

1.6.2 Blasting
1.6.3 Dewatering Work Plan

1.7 SUBMITTALS 

PART 2 PRODUCTS

2.1 REQUIREMENTS FOR OFFSITE SOILS
2.2 BURIED WARNING AND IDENTIFICATION TAPE
2.2.1 Warning Tape for Metallic Piping
2.2.2 Detectable Warning Tape for Non-Metallic Piping

2.3 DETECTION WIRE FOR NON-METALLIC PIPING
2.4 MATERIAL FOR RIP-RAP
2.4.1 Bedding Material
2.4.2 Grout
2.4.3 Rock

2.5 CAPILLARY WATER BARRIER
2.6 PIPE CASING
2.6.1 Casing Pipe
2.6.2 Wood Supports 

PART 3 EXECUTION

3.1 STRIPPING OF TOPSOIL
3.2 GENERAL EXCAVATION
3.2.1 Ditches, Gutters, and Channel Changes
3.2.2 Drainage Structures
3.2.3 Drainage
3.2.4 Dewatering
3.2.5 Trench Excavation Requirements
3.2.5.1 Bottom Preparation
3.2.5.2 Removal of Unyielding Material
3.2.5.3 Removal of Unstable Material
3.2.5.4 Excavation for Appurtenances
3.2.5.5 Jacking, Boring, and Tunneling

3.2.6 Underground Utilities
3.2.7 Structural Excavation

3.3 SELECTION OF BORROW MATERIAL
3.4 OPENING AND DRAINAGE OF EXCAVATION AND BORROW PITS
3.5 SHORING
3.5.1 General Requirements
3.5.2 Geotechnical Engineer

3.6 GRADING AREAS
3.7 FINAL GRADE OF SURFACES TO SUPPORT CONCRETE
3.8 GROUND SURFACE PREPARATION
3.8.1 General Requirements
3.8.2 Frozen Material

3.9 UTILIZATION OF EXCAVATED MATERIALS
3.10 BURIED TAPE AND DETECTION WIRE
3.10.1 Buried Warning and Identification Tape
3.10.2 Buried Detection Wire

3.11 BACKFILLING AND COMPACTION



SECTION 31 00 00 Page 3

3.11.1 Trench Backfill
3.11.1.1 Replacement of Unyielding Material
3.11.1.2 Replacement of Unstable Material
3.11.1.3 Bedding and Initial Backfill
3.11.1.3.1 Class I
3.11.1.3.2 Class II
3.11.1.3.3 Sand
3.11.1.3.4 Gravel and Crushed Stone

3.11.1.4 Final Backfill
3.11.1.4.1 Roadways, Railroads, and Airfields
3.11.1.4.2 Sidewalks, Turfed or Seeded Areas and Miscellaneous 
Areas

3.11.2 Backfill for Appurtenances
3.12 SPECIAL REQUIREMENTS
3.12.1 Gas Distribution
3.12.2 Water Lines
3.12.3 Heat Distribution System
3.12.4 Electrical Distribution System
3.12.5 Sewage Absorption Trenches or Pits
3.12.5.1 Porous Fill
3.12.5.2 Cover

3.12.6 Pipeline Casing
3.12.6.1 Bore Holes
3.12.6.2 Cleaning
3.12.6.3 End Seals

3.12.7 Rip-Rap Construction
3.12.7.1 Bedding Placement
3.12.7.2 Stone Placement
3.12.7.3 Grouting

3.13 EMBANKMENTS
3.13.1 Earth Embankments
3.13.2 Rock Embankments

3.14 SUBGRADE PREPARATION
3.14.1 Proof Rolling
3.14.2 Construction
3.14.3 Compaction
3.14.3.1 Subgrade for Railroads
3.14.3.2 Subgrade for Pavements
3.14.3.3 Subgrade for Shoulders
3.14.3.4 Subgrade for Airfield Pavements

3.15 SHOULDER CONSTRUCTION
3.16 FINISHING
3.16.1 Subgrade and Embankments
3.16.2 Capillary Water Barrier
3.16.3 Grading Around Structures

3.17 PLACING TOPSOIL
3.18 TESTING
3.18.1 Fill and Backfill Material Gradation
3.18.2 In-Place Densities
3.18.3 Check Tests on In-Place Densities
3.18.4 Moisture Contents
3.18.5 Optimum Moisture and Laboratory Maximum Density
3.18.6 Tolerance Tests for Subgrades
3.18.7 Displacement of Sewers

3.19 DISPOSITION OF SURPLUS MATERIAL

-- End of Section Table of Contents --



SECTION 31 00 00 Page 4

************************************************************************** 
USACE / NAVFAC / AFCEC / NASA UFGS-31 00 00 (August 2008)

Change 1 - 11/15
---------------------------

Preparing Activity: USACE Superseding
UFGS-31 00 00 (July 2006) 

UNIFIED FACILITIES GUIDE SPECIFICATIONS

References are in agreement with UMRL dated January 2020
**************************************************************************

SECTION 31 00 00 

EARTHWORK
08/08

Comments, suggestions and recommended changes for 
this guide specification are welcome and should be 
submitted as a Criteria Change Request (CCR).

PART 1 GENERAL

The following information will be indicated on the 
project drawings:

1. Surface elevations, existing and new;

2. Location of underground obstructions and 
existing utilities;

1.1 MEASUREMENT PROCEDURES

Measure trench excavation by the number of linear meters feet along the 
centerline of the trench and excavate to the depths and widths specified 
for the particular size of pipe. Replace unstable trench bottoms with a 
selected granular material. Include the additional width at manholes and 
similar structures, the furnishing, placing and removal of sheeting and 
bracing, pumping and bailing, and all incidentals necessary to complete 
the work required by this section.

1.1.1 Rock Excavation for Trenches

1.1.2 Topsoil Requirements

Separate excavation, hauling, and spreading or piling of topsoil and 
related miscellaneous operations will be considered subsidiary obligations 
of the Contractor, covered under the contract unit price for excavation.

1.1.3 Overhaul Requirements

Allow the unit of measurement for overhaul to be the station-meter 
station-yard. The overhaul distance will be the distance in stations 
between the center of volume of the overhaul material in its original 
position and the center of volume after placing, minus the free-haul 
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distance in stations. The haul distance will be measured along the
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shortest route determined by the Contracting Officer as feasible and 
satisfactory. Do no measure or waste unsatisfactory materials for 
overhaul where the length of haul for borrow is within the free-haul 
limits.

1.1.4 Select Granular Material

Measure select granular material in place as the actual cubic meters yards 
replacing wet or unstable material in trench bottoms [within the limits 
shown] [in authorized overdepth areas]. Provide unit prices which include 
furnishing and placing the granular material, excavation and disposal of 
unsatisfactory material, and additional requirements for sheeting and 
bracing, pumping, bailing, cleaning, and other incidentals necessary to 
complete the work.

1.2 PAYMENT PROCEDURES

1.2.1 Unclassified Excavation

Unclassified excavation will be paid for at the contract unit price per 
cubic meter yard for unclassified excavation.
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1.2.2 Classified Borrow

Classified borrow will be paid for at the contract unit prices per cubic 
meter yard for common or rock borrow.

1.2.3 Unclassified Borrow

Unclassified borrow will be paid for at the contract unit price per cubic 
meter yard for unclassified borrow.

1.2.4 Authorized Overhaul

The number of station-meters station-yards of overhaul to be paid for will 
be the product of number of cubic meters yards of overhaul material 
measured in the original position, multiplied by the overhaul distance 
measured in stations of 100 meters feet and will be paid for at the 
contract unit price per station-meter station-yard for overhaul in excess 
of the free-haul limit as designated in paragraph DEFINITIONS.

1.2.5 Sheeting and Bracing

Sheeting and bracing, when shown or authorized by the Contracting Officer 
to be left in place, will be paid for as follows: [ ].

1.2.5.1 Timber Sheeting

Timber sheeting will be paid for as the number of board feet of lumber 
below finish grade measured in place prior to backfilling. Include in the 
measurement sheeting wasted when cut off between the finished grade and
300 mm 1 foot below the finished grade.
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1.3 CRITERIA FOR BIDDING

Base bids on the following criteria:

a. Surface elevations are as indicated.

b. Pipes or other artificial obstructions, except those indicated, will 
not be encountered.

c. [Ground water elevations indicated by the boring log were those 
existing at the time subsurface investigations were made and do not 
necessarily represent ground water elevation at the time of 
construction.] [Ground water elevation is [ ] meters feet below 
existing surface elevation.]

d. [Ground water elevation is [ ] meters feet below existing surface 
elevation.]

e. [Material character is indicated by the boring logs.]

1.4 REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (2017) Standard Method of Test for 
Moisture-Density Relations of Soils Using 
a 4.54-kg (10-lb) Rammer and a 457-mm
(18-in.) Drop

AASHTO T 224 (2010) Standard Method of Test for 
Correction for Coarse Particles in the 
Soil Compaction Test

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C600 (2017) Installation of Ductile-Iron Mains 
and Their Appurtenances

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016)
Structural Welding Code - Steel 

AMERICAN WOOD PROTECTION ASSOCIATION (AWPA)

AWPA P5 (2015) Standard for Waterborne 
Preservatives

ASTM INTERNATIONAL (ASTM)

ASTM A139/A139M (2016) Standard Specification for 
Electric-Fusion (ARC)-Welded Steel Pipe 
(NPS 4 and over)
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ASTM A252 (2010) Standard Specification for Welded 
and Seamless Steel Pipe Piles

ASTM C33/C33M (2018) Standard Specification for Concrete
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Aggregates

ASTM C136/C136M (2014) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM D698 (2012; E 2014; E 2015) Laboratory
Compaction Characteristics of Soil Using 
Standard Effort (12,400 ft-lbf/cu. ft. 
(600 kN-m/cu. m.))

ASTM D1140 (2017) Standard Test Methods for 
Determining the Amount of Material Finer 
than 75-µm (No. 200) Sieve in Soils by 
Washing

ASTM D1556/D1556M (2015; E 2016) Standard Test Method for 
Density and Unit Weight of Soil in Place 
by Sand-Cone Method

ASTM D1557 (2012; E 2015) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D1883 (2016) Standard Test Method for California 
Bearing Ratio (CBR) of
Laboratory-Compacted Soils

ASTM D2167 (2015) Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method

ASTM D2434 (1968; R 2006) Permeability of Granular 
Soils (Constant Head)

ASTM D2487 (2017) Standard Practice for 
Classification of Soils for Engineering 
Purposes (Unified Soil Classification 
System)

ASTM D2937 (2017; E 2017; E 2018) Standard Test
Method for Density of Soil in Place by the 
Drive-Cylinder Method

ASTM D4318 (2017; E 2018) Standard Test Methods for 
Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM D6938 (2017a) Standard Test Method for In-Place 
Density and Water Content of Soil and
Soil-Aggregate by Nuclear Methods (Shallow 
Depth)

U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 385-1-1 (2014) Safety and Health Requirements 
Manual
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U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 600/4-79/020 (1983) Methods for Chemical Analysis of 
Water and Wastes

EPA SW-846.3-3 (1999, Third Edition, Update III-A) Test 
Methods for Evaluating Solid Waste: 
Physical/Chemical Methods

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-203 (Rev C; Notice 3) Paper, Kraft, Untreated

1.5 DEFINITIONS

1.5.1 Satisfactory Materials

Satisfactory materials comprise any materials classified by ASTM D2487 as 
GW, GP, GM, GP-GM, GW-GM, GC, GP-GC, GM-GC, SW, SP, [SM,] [SW-SM,] [SC,]
[SW-SC,] [SP-SM,] [SP-SC,] [CL,] [ML,] [CL-ML,] [CH,] [MH]. Satisfactory
materials for grading comprise stones less than 200 mm 8 inches, except 
for fill material for pavements and railroads which comprise stones less 
than 75 mm 3 inches in any dimension.

1.5.2 Unsatisfactory Materials

Materials which do not comply with the requirements for satisfactory 
materials are unsatisfactory. Unsatisfactory materials also include
man-made fills; trash; refuse; backfills from previous construction; and 
material classified as satisfactory which contains root and other organic 
matter or frozen material. Notify the Contracting Officer when 
encountering any contaminated materials.

1.5.3 Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D2487 as GW, 
GP, SW, and SP. Cohesive materials include materials classified as GC,  
SC, ML, CL, MH, and CH. Materials classified as GM and SM will be 
identified as cohesionless only when the fines are nonplastic. Perform 
testing, required for classifying materials, in accordance with ASTM D4318, 
ASTM C136/C136M and ASTM D1140.

1.5.4 Degree of Compaction

Degree of compaction required, except as noted in the second sentence, is 
expressed as a percentage of the maximum density obtained by the test 
procedure presented in ASTM D1557 abbreviated as a percent of laboratory 
maximum density. Since ASTM D1557 applies only to soils that have 30 
percent or less by weight of their particles retained on the 19.0 mm 3/4 
inch sieve, express the degree of compaction for material having more than
30 percent by weight of their particles retained on the 19.0 mm 3/4 inch 
sieve as a percentage of the maximum density in accordance with
AASHTO T 180 and corrected with AASHTO T 224. To maintain the same 
percentage of coarse material, use the "remove and replace" procedure as 
described in NOTE 8 of Paragraph 7.2 in AASHTO T 180.

1.5.5 Overhaul
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1.5.6 Topsoil

Material suitable for topsoils obtained from [offsite areas] [excavations] 
[areas indicated on the drawings] is defined as: Natural, friable soil 
representative of productive, well-drained soils in the area, free of 
subsoil, stumps, rocks larger than 25 mm one inch diameter, brush, weeds, 
toxic substances, and other material detrimental to plant growth. Amend 
topsoil pH range to obtain a pH of 5.5 to 7.

1.5.7 Hard/Unyielding Materials

Hard/Unyielding materials comprise weathered rock, dense consolidated 
deposits, or conglomerate materials which are not included in the 
definition of "rock" with stones greater than 75 mm 3 inch in any 
dimension or as defined by the pipe manufacturer, whichever is smaller. 
These materials usually require the use of heavy excavation equipment, 
ripper teeth, or jack hammers for removal.

1.5.8 Rock

Solid homogeneous interlocking crystalline material with firmly cemented, 
laminated, or foliated masses or conglomerate deposits, neither of which 
can be removed without systematic drilling and blasting, drilling and the 
use of expansion jacks or feather wedges, or the use of backhoe-mounted 
pneumatic hole punchers or rock breakers; also large boulders, buried 
masonry, or concrete other than pavement exceeding [0.375] [ ] cubic 
meter [1/2] [ ] cubic yard in volume. Removal of hard material will 
not be considered rock excavation because of intermittent drilling and 
blasting that is performed merely to increase production.

1.5.9 Unstable Material

Unstable materials are too wet to properly support the utility pipe, 
conduit, or appurtenant structure.

1.5.10 Select Granular Material

1.5.10.1 General Requirements

Select granular material consist of materials classified as [GW,] [GP,] 
[SW,] [SP,] or [ ] by ASTM D2487 where indicated. [The liquid limit 
of such material must not exceed [35] [ ] percent when tested in 
accordance with ASTM D4318. The plasticity index must not be greater than
[12] [ ] percent when tested in accordance with ASTM D4318, and not 
more than [35] [ ] percent by weight may be finer than 75 micrometers 
No. 200 sieve when tested in accordance with ASTM D1140.] [Provide a 
minimum coefficient of permeability of [0.01] [ ] mm per second 
[0.002] [ ] feet per minute when tested in accordance with ASTM D2434.]

1.5.10.2 California Bearing Ratio Values

1.5.11 Initial Backfill Material

Initial backfill consists of select granular material or satisfactory 
materials free from rocks [ ] mm inches or larger in any dimension or 
free from rocks of such size as recommended by the pipe manufacturer, 
whichever is smaller. When the pipe is coated or wrapped for corrosion 
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protection, free the initial backfill material of stones larger than
[ ] mm inches in any dimension or as recommended by the pipe 
manufacturer, whichever is smaller.

1.5.12 Expansive Soils

Expansive soils are defined as soils that have a plasticity index equal to 
or greater than [ ] when tested in accordance with ASTM D4318.

1.5.13 Nonfrost Susceptible (NFS) Material

Nonfrost susceptible material are a uniformly graded washed sand with a 
maximum particle size of [ ] mm inch and less than 5 percent passing 
the 0.075 mm No. 200 size sieve, and with not more than 3 percent by 
weight finer than 0.02 mm grain size.

1.5.14 Pile Supported Structure

As used herein, a structure where both the foundation and floor slab are 
pile supported.

1.6 SYSTEM DESCRIPTION

Subsurface soil boring logs are [shown on the drawings] [appended to the 
SPECIAL CONTRACT REQUIREMENTS]. The subsoil investigation report and 
samples of materials taken from subsurface investigations may be examined 
at [ ]. These data represent the best subsurface information 
available; however, variations may exist in the subsurface between boring 
locations.

1.6.1 Classification of Excavation

[No consideration will be given to the nature of the materials, and all 
excavation will be designated as unclassified excavation.] [Finish the 
specified excavation on a classified basis, in accordance with the 
following designations and classifications.]

1.6.1.1 Common Excavation

Include common excavation with the satisfactory removal and disposal of 
all materials not classified as rock excavation.

1.6.1.2 Rock Excavation

Submit notification of encountering rock in the project. Include rock 
excavation with blasting, excavating, grading, disposing of material 
classified as rock, and the satisfactory removal and disposal of boulders 
1/2 cubic meter yard or more in volume; solid rock; rock material that is 
in ledges, bedded deposits, and unstratified masses, which cannot be 
removed without systematic drilling and blasting; firmly cemented 
conglomerate deposits possessing the characteristics of solid rock 
impossible to remove without systematic drilling and blasting; and hard 
materials (see Definitions). Include the removal of any concrete or 
masonry structures, except pavements, exceeding 1/2 cubic meter yard in 
volume that may be encountered in the work in this classification. If at 
any time during excavation, including excavation from borrow areas, the 
Contractor encounters material that may be classified as rock excavation, 
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uncover such material and notify the Contracting Officer. Do not proceed 
with the excavation of this material until the Contracting Officer has 
classified the materials as common excavation or rock excavation and has 
taken cross sections as required. Failure on the part of the Contractor 
to uncover such material, notify the Contracting Officer, and allow ample 
time for classification and cross sectioning of the undisturbed surface of 
such material will cause the forfeiture of the Contractor's right of claim 
to any classification or volume of material to be paid for other than that 
allowed by the Contracting Officer for the areas of work in which such 
deposits occur.

1.6.2 Dewatering Work Plan

Submit procedures for accomplishing dewatering work.

1.7 SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality 
Control approval.] [information only. When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.] Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29 
SUSTAINABILITY REPORTING. Submit the following in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals 

Shoring; G[, [ ]]
Dewatering Work Plan; G[, [ ]] 

SD-03 Product Data

Utilization of Excavated Materials; G[, [ ]] 
Rock Excavation
Opening of any Excavation or Borrow Pit 
Shoulder Construction

SD-06 Test Reports 

Testing

Borrow Site Testing

Within 24 hours of conclusion of physical tests, submit [ ] 
copies of test results, including calibration curves and results 
of calibration tests.

SD-07 Certificates 

Testing

PART 2 PRODUCTS

2.1 REQUIREMENTS FOR OFFSITE SOILS

Test offsite soils brought in for use as backfill for Total Petroleum 
Hydrocarbons (TPH), Benzene, Toluene, Ethyl Benzene, and Xylene (BTEX) and 
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full Toxicity Characteristic Leaching Procedure (TCLP) including 
ignitability, corrosivity and reactivity. Backfill shall contain a 
maximum of [100] [ ] parts per million (ppm) of total petroleum 
hydrocarbons (TPH) and a maximum of [10] [ ] ppm of the sum of 
Benzene, Toluene, Ethyl Benzene, and Xylene (BTEX) and shall pass the TCPL 
test. Determine TPH concentrations by using EPA 600/4-79/020 Method
418.1. Determine BTEX concentrations by using EPA SW-846.3-3 Method 
5030/8020. Perform TCLP in accordance with EPA SW-846.3-3 Method 1311. 
Provide Borrow Site Testing for TPH, BTEX and TCLP from a composite sample 
of material from the borrow site, with at least one test from each borrow 
site. Do not bring material onsite until tests have been approved by the 
Contracting Officer.

2.2 BURIED WARNING AND IDENTIFICATION TAPE

Provide [polyethylene plastic] [and] [metallic core or metallic-faced, 
acid- and alkali-resistant, polyethylene plastic] warning tape 
manufactured specifically for warning and identification of buried utility 
lines. Provide tape on rolls, 75 mm 3 inches minimum width, color coded 
as specified below for the intended utility with warning and 
identification imprinted in bold black letters continuously over the 
entire tape length. Warning and identification to read, "CAUTION, BURIED 
(intended service) LINE BELOW" or similar wording. Provide permanent 
color and printing, unaffected by moisture or soil.

Warning Tape Color Codes

Red Electric

Yellow Gas, Oil; Dangerous Materials

Orange Telephone and Other Communications

Blue Water Systems

Green Sewer Systems

White Steam Systems
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Warning Tape Color Codes

Gray Compressed Air

2.2.1 Warning Tape for Metallic Piping

Provide acid and alkali-resistant polyethylene plastic tape conforming to 
the width, color, and printing requirements specified above, with a 
minimum thickness of 0.08 mm 0.003 inch and a minimum strength of 10.3 MPa 
1500 psi lengthwise, and 8.6 MPa 1250 psi crosswise, with a maximum 350 
percent elongation.

2.2.2 Detectable Warning Tape for Non-Metallic Piping

Provide polyethylene plastic tape conforming to the width, color, and 
printing requirements specified above, with a minimum thickness of 0.10 mm
0.004 inch, and a minimum strength of 10.3 MPa 1500 psi lengthwise and 8.6 
MPa 1250 psi crosswise. Manufacture tape with integral wires, foil 
backing, or other means of enabling detection by a metal detector when 
tape is buried up to 920 mm 3 feet deep. Encase metallic element of the 
tape in a protective jacket or provide with other means of corrosion 
protection.

2.3 DETECTION WIRE FOR NON-METALLIC PIPING

Insulate a single strand, solid copper detection wire with a minimum of 12 
AWG.

2.4 MATERIAL FOR RIP-RAP

Provide [Bedding material] [Grout] [Filter fabric] and rock conforming to 
[these requirements] [DOT] [SSS-[ ] State Standard] for construction 
indicated.

2.5 CAPILLARY WATER BARRIER

Provide capillary water barrier of clean, poorly graded crushed rock, 
crushed gravel, or uncrushed gravel placed beneath a building slab with or 
without a vapor barrier to cut off the capillary flow of pore water to the 
area immediately below. Conform to ASTM C33/C33M for fine aggregate 
grading with a maximum of 3 percent by weight passing ASTM D1140, 75 
micrometers No. 200 sieve, [or] [37.5 mm 1-1/2 inch and no more than 2 
percent by weight passing the 4.75 mm No. 4 size sieve] [or coarse 
aggregate Size 57, 67, or 77].

2.6 PIPE CASING

2.6.1 Casing Pipe

ASTM A139/A139M, Grade B, or ASTM A252, Grade 2, smooth wall pipe. Match 
casing size to the outside diameter and wall thickness as indicated on 
Drawing Sheet No. [ ]. Protective coating is not required on casing 
pipe.

2.6.2 Wood Supports
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[Treated Yellow Pine or Douglas Fir][Locally available], rough, structural 
grade. Provide wood with nonleaching water-borne pressure preservative 
(ACA or CCA) and treatment conforming to AWPA P5. Secure wood supports to 
carrier pipe with stainless steel or zinc-coated steel bands.

PART 3 EXECUTION

3.1 STRIPPING OF TOPSOIL

Where indicated or directed, strip topsoil to a depth of [100] [ ] mm
[4] [ ] inches. Spread topsoil on areas already graded and prepared 
for topsoil, or transported and deposited in stockpiles convenient to 
areas that are to receive application of the topsoil later, or at 
locations indicated or specified. Keep topsoil separate from other 
excavated materials, brush, litter, objectionable weeds, roots, stones 
larger than 50 mm 2 inches in diameter, and other materials that would 
interfere with planting and maintenance operations. [Stockpile in 
locations indicated] [Remove from the site] any surplus of topsoil from 
excavations and gradings.

3.2 GENERAL EXCAVATION

Perform excavation of every type of material encountered within the limits 
of the project to the lines, grades, and elevations indicated and as 
specified. Perform the grading in accordance with the typical sections 
shown and the tolerances specified in paragraph FINISHING. Transport 
satisfactory excavated materials and place in fill or embankment within 
the limits of the work. Excavate unsatisfactory materials encountered 
within the limits of the work below grade and replace with satisfactory 
materials as directed. Include such excavated material and the 
satisfactory material ordered as replacement in excavation. Dispose 
surplus satisfactory excavated material not required for fill or 
embankment in areas approved for surplus material storage or designated 
waste areas. Dispose unsatisfactory excavated material in designated 
waste or spoil areas. During construction, perform excavation and fill in 
a manner and sequence that will provide proper drainage at all times.
Excavate material required for fill or embankment in excess of that 
produced by excavation within the grading limits from the borrow areas 
indicated or from other approved areas selected by the Contractor as 
specified.
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3.2.1 Ditches, Gutters, and Channel Changes

Finish excavation of ditches, gutters, and channel changes by cutting 
accurately to the cross sections, grades, and elevations shown on Drawing 
Sheet No. [ ]. Do not excavate ditches and gutters below grades 
shown. Backfill the excessive open ditch or gutter excavation with 
satisfactory, thoroughly compacted, material or with suitable stone or 
cobble to grades shown. Dispose excavated material as shown or as 
directed, except in no case allow material be deposited a maximum 1 meter
4 feet from edge of a ditch. Maintain excavations free from detrimental 
quantities of leaves, brush, sticks, trash, and other debris until final 
acceptance of the work.

4.1.1 Drainage Structures

Make excavations to the lines, grades, and elevations shown, or as 
directed. Provide trenches and foundation pits of sufficient size to 
permit the placement and removal of forms for the full length and width of 
structure footings and foundations as shown. Clean rock or other hard 
foundation material of loose debris and cut to a firm, level, stepped, or 
serrated surface. Remove loose disintegrated rock and thin strata. Do 
not disturb the bottom of the excavation when concrete or masonry is to be 
placed in an excavated area. Do not excavate to the final grade level 
until just before the concrete or masonry is to be placed.

4.1.2 Drainage

Provide for the collection and disposal of surface and subsurface water 
encountered during construction. Completely drain construction site 
during periods of construction to keep soil materials sufficiently dry. 
Construct storm drainage features (ponds/basins) at the earliest stages of 
site development, and throughout construction grade the construction area 
to provide positive surface water runoff away from the construction 
activity [and] [or] provide temporary ditches, swales, and other drainage 
features and equipment as required to maintain dry soils. When unsuitable 
working platforms for equipment operation and unsuitable soil support for 
subsequent construction features develop, remove unsuitable material and 
provide new soil material as specified herein. It is the responsibility 
of the Contractor to assess the soil and ground water conditions presented 
by the plans and specifications and to employ necessary measures to permit 
construction to proceed.

4.1.3 Dewatering

Control groundwater flowing toward or into excavations to prevent 
sloughing of excavation slopes and walls, boils, uplift and heave in the 
excavation and to eliminate interference with orderly progress of 
construction. Do not permit French drains, sumps, ditches or trenches 
within 0.9 m 3 feet of the foundation of any structure, except with 
specific written approval, and after specific contractual provisions for 
restoration of the foundation area have been made. Take control measures 
by the time the excavation reaches the water level in order to maintain 
the integrity of the in situ material. While the excavation is open, 
maintain the water level continuously, at least [ ] m feet below the 
working level. [Operate dewatering system continuously until construction 
work below existing water levels is complete. Submit performance records 
weekly.] [Measure and record performance of dewatering system at same time 
each day by use of observation wells or piezometers installed in 
conjunction with the dewatering system.][Relieve hydrostatic head in 
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previous zones below subgrade elevation in layered soils to prevent 
uplift.]

4.1.4 Trench Excavation Requirements

Excavate the trench as recommended by the manufacturer of the pipe to be 
installed. Slope trench walls below the top of the pipe, or make 
vertical, and of such width as recommended in the manufacturer's printed 
installation manual. Provide vertical trench walls where no 
manufacturer's printed installation manual is available. Shore trench 
walls more than [ ] meters feet high, cut back to a stable slope, or 
provide with equivalent means of protection for employees who may be 
exposed to moving ground or cave in. Shore vertical trench walls more 
than [ ] meters feet high. Excavate trench walls which are cut back 
to at least the angle of repose of the soil. Give special attention to 
slopes which may be adversely affected by weather or moisture content. Do 
not exceed the trench width below the pipe top of 600 mm 24 inches plus 
pipe outside diameter (O.D.) for pipes of less than 600 mm 24 inches 
inside diameter, and do not exceed 900 mm 36 inches plus pipe outside 
diameter for sizes larger than 600 mm 24 inches inside diameter. Where 
recommended trench widths are exceeded, provide redesign, stronger pipe, 
or special installation procedures by the Contractor. The Contractor is 
responsible for the cost of redesign, stronger pipe, or special 
installation procedures without any additional cost to the Government.

4.1.4.1 Bottom Preparation

Grade the bottoms of trenches accurately to provide uniform bearing and 
support for the bottom quadrant of each section of the pipe. Excavate 
bell holes to the necessary size at each joint or coupling to eliminate 
point bearing. Remove stones of 75 mm 3 inch or greater in any 
dimension, or as recommended by the pipe manufacturer, whichever is 
smaller, to avoid point bearing.

4.1.4.2 Removal of Unyielding Material

Where [overdepth is not indicated and] unyielding material is encountered 
in the bottom of the trench, remove such material 100 mm 4 inch below the 
required grade and replaced with suitable materials as provided in 
paragraph BACKFILLING AND COMPACTION.

4.1.4.3 Removal of Unstable Material

Where unstable material is encountered in the bottom of the trench, remove 
such material to the depth directed and replace it to the proper grade 
with select granular material as provided in paragraph BACKFILLING AND 
COMPACTION. When removal of unstable material is required due to the 
Contractor's fault or neglect in performing the work, the Contractor is 
responsible for excavating the resulting material and replacing it without 
additional cost to the Government.

4.1.4.4 Excavation for Appurtenances

Provide excavation for manholes, catch-basins, inlets, or similar 
structures [sufficient to leave at least 300 mm 12 inches clear between 
the outer structure surfaces and the face of the excavation or support 
members.] [of sufficient size to permit the placement and removal of forms 
for the full length and width of structure footings and foundations as 
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shown.] Clean rock or loose debris and cut to a firm surface either 
level, stepped, or serrated, as shown or as directed. Remove loose 
disintegrated rock and thin strata. Specify removal of unstable
material. When concrete or masonry is to be placed in an excavated area, 
take special care not to disturb the bottom of the excavation. Do not 
excavate to the final grade level until just before the concrete or 
masonry is to be placed.

4.1.5 Underground Utilities

The Contractor is responsible for movement of construction machinery and 
equipment over pipes and utilities during construction. [Perform work 
adjacent to non-Government utilities as indicated in accordance with 
procedures outlined by utility company.] [Excavation made with
power-driven equipment is not permitted within [600] [ ] mm [2] 
[ ] feet of known Government-owned utility or subsurface 
construction. For work immediately adjacent to or for excavations
exposing a utility or other buried obstruction, excavate by hand. Start 
hand excavation on each side of the indicated obstruction and continue 
until the obstruction is uncovered or until clearance for the new grade is 
assured. Support uncovered lines or other existing work affected by the 
contract excavation until approval for backfill is granted by the 
Contracting Officer.] Report damage to utility lines or subsurface 
construction immediately to the Contracting Officer.

4.1.6 Structural Excavation

Ensure that footing subgrades have been inspected and approved by the 
Contracting Officer prior to concrete placement. Excavate to bottom of 
pile cap prior to placing or driving piles, unless authorized otherwise by 
the Contracting Officer. Backfill and compact over excavations and 
changes in grade due to pile driving operations to 95 percent of ASTM D698 
maximum density.

3.3 SELECTION OF BORROW MATERIAL

Select borrow material to meet the requirements and conditions of the 
particular fill or embankment for which it is to be used. Obtain borrow 
material from the borrow areas [shown on Drawing Sheet No. [ ]] 
[within the limits of the project site, selected by the Contractor] [or] 
[from approved private sources]. Unless otherwise provided in the 
contract, the Contractor is responsible for obtaining the right to procure 
material, pay royalties and other charges involved, and bear the expense 
of developing the sources, including rights-of-way for hauling from the 
owners. Borrow material from approved sources on Government-controlled 
land may be obtained without payment of royalties. Unless specifically 
provided, do not obtain borrow within the limits of the project site 
without prior written approval. Consider necessary clearing, grubbing, 
and satisfactory drainage of borrow pits and the disposal of debris 
thereon related operations to the borrow excavation.

3.4 OPENING AND DRAINAGE OF EXCAVATION AND BORROW PITS

Except as otherwise permitted, excavate borrow pits and other excavation 
areas providing adequate drainage. Transport 
overburden and other spoil material to designated spoil areas or 
otherwise dispose of as directed. Provide neatly trimmed and drained 
borrow pits after the excavation is completed. Ensure that 
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excavation of any area, operation of borrow pits, or dumping of spoil 
material results in minimum detrimental effects on natural environmental 
conditions.

3.5 SHORING

3.5.1 General Requirements

Submit a Shoring and Sheeting plan for approval 15 days prior to starting 
work. Submit drawings and calculations, certified by a registered 
professional engineer, describing the methods for shoring and sheeting of 
excavations. Finish shoring, including sheet piling, and install as 
necessary to protect workmen, banks, adjacent paving, structures, and 
utilities. Remove shoring, bracing, and sheeting as excavations are 
backfilled, in a manner to prevent caving.

3.5.2 Geotechnical Engineer

Hire a Professional Geotechnical Engineer to provide inspection of 
excavations and soil/groundwater conditions throughout construction. The 
Geotechnical Engineer is responsible for performing pre-construction and 
periodic site visits throughout construction to assess site conditions.
The Geotechnical Engineer is responsible for updating the excavation, 
sheeting and dewatering plans as construction progresses to reflect 
changing conditions and submit an updated plan if necessary. Submit a 
monthly written report, informing the Contractor and Contracting Officer 
of the status of the plan and an accounting of the Contractor's adherence 
to the plan addressing any present or potential problems. The Contracting 
Officer is responsible for arranging meetings with the Geotechnical 
Engineer at any time throughout the contract duration.

3.6 GRADING AREAS

Where indicated, divide work into grading areas within which satisfactory 
excavated material will be placed in embankments, fills, and required 
backfills. Do not haul satisfactory material excavated in one grading 
area to another grading area except when so directed in writing. Place 
and grade stockpiles of satisfactory [and unsatisfactory] [and wasted 
materials] as specified. Keep stockpiles in a neat and well drained 
condition, giving due consideration to drainage at all times. Clear, 
grub, and seal by rubber-tired equipment, the ground surface at stockpile 
locations; separately stockpile excavated satisfactory and unsatisfactory 
materials. Protect stockpiles of satisfactory materials from 
contamination which may destroy the quality and fitness of the stockpiled 
material. If the Contractor fails to protect the stockpiles, and any 
material becomes unsatisfactory, remove and replace such material with 
satisfactory material from approved sources.

3.7 FINAL GRADE OF SURFACES TO SUPPORT CONCRETE

Do not excavate to final grade until just before concrete is to be
placed. [For pile foundations, stop the excavation at an elevation of from
150 to 300 mm 6 to 12 inches above the bottom of the footing before 
driving piles. After pile driving has been completed, complete the 
remainder of the excavation to the elevations shown.] Only use excavation 
methods that will leave the foundation rock in a solid and unshattered 
condition. Roughen the level surfaces, and cut the sloped surfaces, as 
indicated, into rough steps or benches to provide a satisfactory bond. 
Protect shales from slaking and all surfaces from erosion resulting from 
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ponding or water flow.

3.8 GROUND SURFACE PREPARATION

3.8.1 General Requirements

Remove and replace unsatisfactory material with satisfactory materials, as 
directed by the Contracting Officer, in surfaces to receive fill or in 
excavated areas. Scarify the surface to a depth of 150 mm 6 inches before 
the fill is started. Plow, step, bench, or break up sloped surfaces 
steeper than 1 vertical to 4 horizontal so that the fill material will  
bond with the existing material. When subgrades are less than the 
specified density, break up the ground surface to a minimum depth of 150 mm
6 inches, pulverizing, and compacting to the specified density. When the 
subgrade is part fill and part excavation or natural ground, scarify the 
excavated or natural ground portion to a depth of 300 mm 12 inches and 
compact it as specified for the adjacent fill.

3.8.2 Frozen Material

Do not place material on surfaces that are muddy, frozen, or contain 
frost. Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, or other approved equipment well suited to the soil 
being compacted. Moisten material as necessary [to plus or minus [ ] 
percent of optimum moisture] [to provide the moisture content that will 
readily facilitate obtaining the specified compaction with the equipment 
used].

3.9 UTILIZATION OF EXCAVATED MATERIALS

Dispose unsatisfactory materials removing from excavations into designated 
waste disposal or spoil areas. Use satisfactory material removed from 
excavations, insofar as practicable, in the construction of fills, 
embankments, subgrades, shoulders, bedding (as backfill), and for similar 
purposes. Submit procedure and location for disposal of unused 
satisfactory material. Submit proposed source of borrow material. Do not 
waste any satisfactory excavated material without specific written 
authorization. Dispose of satisfactory material, authorized to be wasted, 
in designated areas approved for surplus material storage or designated 
waste areas as directed. Clear and grub newly designated waste areas on 
Government-controlled land before disposal of waste material thereon.
Stockpile and use coarse rock from excavations for constructing slopes or 
embankments adjacent to streams, or sides and bottoms of channels and for 
protecting against erosion. Do not dispose excavated material to obstruct 
the flow of any stream, endanger a partly finished structure, impair the 
efficiency or appearance of any structure, or be detrimental to the 
completed work in any way.

3.10 BURIED TAPE AND DETECTION WIRE

3.10.1 Buried Warning and Identification Tape

Provide buried utility lines with utility identification tape. Bury tape
300 mm 12 inches below finished grade; under pavements and slabs, bury tape
150 mm 6 inches below top of subgrade.

3.10.2 Buried Detection Wire

Bury detection wire directly above non-metallic piping at a distance not 
to exceed 300 mm 12 inches above the top of pipe. Extend the wire 
continuously and unbroken, from manhole to manhole. Terminate the 
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ends of the wire inside the manholes at each end of the pipe, with a 
minimum of
0.9 m 3 feet of wire, coiled, remaining accessible in each manhole. 
Furnish insulated wire over its entire length. Install wires at manholes 
between the top of the corbel and the frame, and extend up through the 
chimney seal between the frame and the chimney seal. For force mains, 
terminate the wire in the valve pit at the pump station end of the pipe.

3.11 BACKFILLING AND COMPACTION

Place backfill adjacent to any and all types of structures, in successive 
horizontal layers of loose material not more than 200 mm 8 inches in 
depth. Compact to at least 90 percent laboratory maximum density for 
cohesive materials or 95 percent laboratory maximum density for 
cohesionless materials, to prevent wedging action or eccentric loading
upon or against the structure. Backfill material must be within the range 
of -2 to +2 percent of optimum moisture content at the time of compaction.

Prepare ground surface on which backfill is to be placed and provide 
compaction requirements for backfill materials in conformance with the 
applicable portions of paragraphs GROUND SURFACE PREPARATION. Finish 
compaction by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled 
rollers, vibratory compactors, or other approved equipment.

3.11.1 Trench Backfill

Backfill trenches to the grade shown. [Backfill the trench to 2 feet 
above the top of pipe prior to performing the required pressure tests.

Leave the joints and couplings uncovered during the 
pressure test.] [Do not backfill the trench until all specified tests are 
performed.]

3.11.1.1 Replacement of Unyielding Material

Replace unyielding material removed from the bottom of the trench with 
select granular material or initial backfill material.

3.11.1.2 Replacement of Unstable Material

Replace unstable material removed from the bottom of the trench or 
excavation with select granular material placed in layers not exceeding
150 mm 6 inches loose thickness.

3.11.1.3 Bedding and Initial Backfill

[Provide bedding of the type and thickness shown.] Place initial backfill 
material and compact it with approved tampers to a height of at least 300 
mm one foot above the utility pipe or conduit. Bring up the backfill 
evenly on both sides of the pipe for the full length of the pipe. Take 
care to ensure thorough compaction of the fill under the haunches of the 
pipe. Except as specified otherwise in the individual piping section, 
provide bedding for buried piping in accordance with AWWA C600, Type 4, 
except as specified herein. Compact backfill to top of pipe to 95 percent 
of ASTM D698 maximum density.Provide plastic piping with bedding to spring 
line of pipe. Provide materials as follows:

3.11.1.3.1 Class I

Angular, 6 to 40 mm 0.25 to 1.5 inch, graded stone, including a number of 
fill materials that have regional significance such as coral, slag, 
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cinders, crushed stone, and crushed shells.

3.11.1.3.2 Class II

Coarse sands and gravels with maximum particle size of 40 mm 1.5 inch, 
including various graded sands and gravels containing small percentages of 
fines, generally granular and noncohesive, either wet or dry. Soil Types 
GW, GP, SW, and SP are included in this class as specified in ASTM D2487.

3.11.1.3.3 Sand

Clean, coarse-grained sand classified as [ ] in accordance with 
Section 31 23 00.00 20 EXCAVATION AND FILL, [gradation [ ] of the 
[DOT] [State Standard] or [SW] [or] [SP] by ASTM D2487 for [bedding] [and] 
[backfill] [as indicated]].

3.11.1.3.4 Gravel and Crushed Stone

Clean, coarsely graded natural gravel, crushed stone or a combination 
thereof identified as [ ] in accordance with Section 31 23 00.00 20 
EXCAVATION AND FILL, [gradation [ ] of the [DOT] [State Standard]] or 
having a classification of [GW] [GP] in accordance with ASTM D2487 for 
[bedding] [and] [backfill] [as indicated]. [Do not exceed maximum 
particle size of [75] [ ] mm [3] [ ] inches.]

3.11.1.4 Final Backfill

Fill the remainder of the trench, except for special materials for 
roadways, railroads and airfields, with satisfactory material. Place 
backfill material and compact as follows:

3.11.1.4.1 Roadways, Railroads, and Airfields

Place backfill up to the required elevation as specified. Do not permit 
water flooding or jetting methods of compaction.

3.11.1.4.2 Sidewalks, Turfed or Seeded Areas and Miscellaneous Areas

Deposit backfill in layers of a maximum of 300 mm 12 inches loose 
thickness, and compact it to 85 percent maximum density for cohesive soils 
and 90 percent maximum density for cohesionless soils. [Allow water 
flooding or jetting methods of compaction for granular noncohesive 
backfill material. Do not allow water jetting to penetrate the initial 
backfill.] [Do not permit compaction by water flooding or jetting.] Apply 
this requirement to all other areas not specifically designated above.

3.11.2 Backfill for Appurtenances

After the manhole, catchbasin, inlet, or similar structure has been 
constructed [and the concrete has been allowed to cure for [ ] days], 
place backfill in such a manner that the structure is not be damaged by 
the shock of falling earth. Deposit the backfill material, compact it as 
specified for final backfill, and bring up the backfill evenly on all 
sides of the structure to prevent eccentric loading and excessive stress.

3.12 SPECIAL REQUIREMENTS

Special requirements for both excavation and backfill relating to the 
specific utilities are as follows:

3.12.1 Gas Distribution
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Excavate trenches to a depth that will provide a minimum 450 mm 18 inches 
of cover in rock excavation and a minimum 600 mm 24 inch of cover in other 
excavation.

3.12.2 Water Lines

Excavate trenches to a depth that provides a minimum cover of [ ] 
meters feet from the existing ground surface, or from the indicated 
finished grade, whichever is lower, to the top of the pipe. [For fire 
protection yard mains or piping, an additional [ ] mm inch of cover is 
required.]

3.12.3 Heat Distribution System

Free initial backfill material of stones larger than 6.3 mm 1/4 inch in 
any dimension.

3.12.4 Electrical Distribution System

Provide a minimum cover of 600 mm 24 inches from the finished grade to 
direct burial cable and conduit or duct line, unless otherwise indicated.

3.12.5 Sewage Absorption Trenches or Pits

3.12.5.1 Porous Fill

Provide backfill material consisting of clean crushed rock or gravel 
having a gradation [such that 100 percent passes the 50 mm 2 inch sieve 
and zero percent passes the 12.5 mm 1/2 inch sieve.] [conforming to the 
requirements of gradation [4.75 mm] [No. 4] [ ] for coarse aggregate 
in ASTM C33/C33M.]

3.12.5.2 Cover

[Filter fabric] [Concrete] [Kraft paper conforming to CID A-A-203, Grade 
B, No. 2, 22.7 kg 50 pound weight] [or a layer of straw at least 50 mm 2 
inches thick] as indicated.

3.12.6 Pipeline Casing

Provide new smooth wall steel pipeline casing under [new] [existing] 
[railroad] [and] [pavement] [in a trench] [by the boring and jacking 
method of installation]. Provide each new pipeline casing, where 
indicated and to the lengths and dimensions shown, complete and suitable 
for use with the new piped utility as indicated. [Install pipeline casing 
by dry boring and jacking method as follows:]

3.12.6.1 Bore Holes

Mechanically bore holes and case through the soil with a cutting head on a 
continuous auger mounted inside the casing pipe. Weld lengths of pipe 
together in accordance with AWS D1.1/D1.1M. Do not use water or other 
fluids in connection with the boring operation.
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3.12.6.2 Cleaning

Clean inside of the pipeline casing of dirt, weld splatters, and other 
foreign matter which would interfere with insertion of the piped utilities 
by attaching a pipe cleaning plug to the boring rig and passing it through 
the pipe.

3.12.6.3 End Seals

After installation of piped utilities in pipeline casing, provide 
watertight end seals at each end of pipeline casing between pipeline 
casing and piping utilities. Provide watertight [end seals as indicated.] 
[segmented elastomeric end seals.]

3.12.7 Rip-Rap Construction

Construct rip-rap [on bedding material] [on filter fabric] [with grout] 
[in accordance with [DOT] [ ] State Standard, paragraph [ ]] in 
the areas indicated. Trim and dress indicated areas to conform to cross 
sections, lines and grades shown within a tolerance of 30 mm 0.1 foot.

3.12.7.1 Bedding Placement

Spread [filter fabric] bedding material uniformly to a thickness of at 
least [75] [ ] mm [3] [ ] inches on prepared subgrade as 
indicated. [Compaction of bedding is not required. Finish bedding to 
present even surface free from mounds and windrows.]

3.12.7.2 Stone Placement

Place rock for rip-rap on prepared bedding material to produce a well 
graded mass with the minimum practicable percentage of voids in 
conformance with lines and grades indicated. Distribute larger rock 
fragments, with dimensions extending the full depth of the rip-rap 
throughout the entire mass and eliminate "pockets" of small rock 
fragments. Rearrange individual pieces by mechanical equipment or by hand 
as necessary to obtain the distribution of fragment sizes specified
above. [For grouted rip-rap, hand-place surface rock with open joints to 
facilitate grouting and do not fill smaller spaces between surface rock 
with finer material. Provide at least one "weep hole" through grouted 
rip-rap for every 4.65 square meters 50 square feet of finished surface. 
Provide weep holes with columns of bedding material, 100 mm 4 inches in 
diameter, extending up to the rip-rap surface without grout.]

3.12.7.3 Grouting

[Prior to grouting, wet rip-rap surfaces. Grout rip-rap in successive
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longitudinal strips, approximately 3 m 10 feet in width, commencing at the 
lowest strip and working up the slope. Distribute grout to place of final 
deposit and work into place between stones with brooms, spades, trowels, 
or vibrating equipment. Take precautions to prevent grout from 
penetrating bedding layer. Protect and cure surface for a minimum of 7 
days.]

3.13 EMBANKMENTS

3.13.1 Earth Embankments

Construct earth embankments from satisfactory materials free of organic or 
frozen material and rocks with any dimension greater than 75 mm 3 inches. 
Place the material in successive horizontal layers of loose material not 
more than 200 mm 8 inches in depth. Spread each layer uniformly on a soil 
surface that has been moistened or aerated as necessary, and scarified or 
otherwise broken up so that the fill will bond with the surface on which 
it is placed. After spreading, plow, disk, or otherwise break up each 
layer; moisten or aerate as necessary; thoroughly mix; and compact to at 
least 90 percent laboratory maximum density for cohesive materials or 95 
percent laboratory maximum density for cohesionless materials. Backfill 
material must be within the range of -2 to +2 percent of optimum moisture 
content at the time of compaction.

Compaction requirements for the upper portion of earth embankments forming 
subgrade for pavements are identical with those requirements specified in 
paragraph SUBGRADE PREPARATION. Finish compaction by sheepsfoot rollers, 
pneumatic-tired rollers, steel-wheeled rollers, vibratory compactors, or 
other approved equipment.

3.14 SUBGRADE PREPARATION

3.14.1 Proof Rolling

Finish proof rolling on an exposed subgrade free of surface water (wet 
conditions resulting from rainfall) which would promote degradation of an 
otherwise acceptable subgrade. [After stripping,] proof roll the existing 
subgrade of the [ ] with six passes of a [dump truck loaded with 6 
cubic meters 4 cubic yards of soil] [13.6 meter tons 15 ton,
pneumatic-tired roller.] Operate the [roller] [truck] in a systematic 
manner to ensure the number of passes over all areas, and at speeds between
4 to 5.5 km/hour 2-1/2 to 3-1/2 mph. [When proof rolling, provide
one-half of the passes made with the roller in a direction perpendicular 
to the other passes.] Notify the Contracting Officer a minimum of 3 days 
prior to proof rolling.Perform proof rolling in the presence of the 
Contracting Officer. Undercut rutting or pumping of material [as directed 
by the Contracting Officer] [to a depth of [ ] mm inch] and replace 
with [fill and backfill] [select] material. [Prepare bids based on 
replacing approximately [ ] square meters square yards, with an 
average depth of [ ] mm inch at various locations.]

3.14.2 Construction

**************************************************************************
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Shape subgrade to line, grade, and cross section, and compact as 
specified. Include plowing, disking, and any moistening or aerating 
required to obtain specified compaction for this operation. Remove soft 
or otherwise unsatisfactory material and replace with satisfactory 
excavated material or other approved material as directed. Excavate rock 
encountered in the cut section to a depth of 150 mm 6 inches below 
finished grade for the subgrade. Bring up low areas resulting from 
removal of unsatisfactory material or excavation of rock to required grade 
with satisfactory materials, and shape the entire subgrade to line, grade, 
and cross section and compact as specified. [After rolling, the surface 
of the subgrade for roadways shall not show deviations greater than 13 mm 
1/2 inch when tested with a 4 m 12-foot straightedge applied both parallel 
and at right angles to the centerline of the area.] [After rolling, do not 
show deviations for the surface of the subgrade for airfields greater than 
[ ] mm inch when tested with a [ ] meter foot straightedge applied 
both parallel and at right angles to the centerline of the area.] Do not 
vary the elevation of the finish subgrade more than 15 mm 0.05 foot from 
the established grade and cross section.

3.14.3 Compaction

Finish compaction by sheepsfoot rollers, pneumatic-tired rollers,
steel-wheeled rollers, vibratory compactors, or other approved equipment. 
Except for paved areas and railroads, compact each layer of the embankment 
to at least [ ] percent of laboratory maximum density.

3.14.3.1 Subgrade for Railroads

Compact subgrade for railroads to at least 90 percent laboratory maximum 
density for cohesive materials or 95 percent laboratory maximum density 
for cohesionless materials.

3.14.3.2 Subgrade for Pavements

Compact subgrade for pavements to at least [ ] percentage laboratory 
maximum density for the depth below the surface of the pavement shown.
When more than one soil classification is present in the subgrade, 
thoroughly blend, reshape, and compact the top [ ] mm inch of subgrade.

3.14.3.3 Subgrade for Shoulders

Compact subgrade for shoulders to at least [ ] percentage laboratory 
maximum density for the [depth below the surface of shoulder shown] [full 
depth of the shoulder].

3.14.3.4 Subgrade for Airfield Pavements

Compact top 600 mm 24 inches below finished pavement or top 300 mm 12 
inches of subgrades, whichever is greater, to [100] [ ] percent of 
ASTM D1557; compact fill and backfill material to [100] [ ] percent of 
ASTM D1557.
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3.15 SHOULDER CONSTRUCTION

Construct shoulders of satisfactory excavated or borrow material or as 
otherwise shown or specified..Submit advanced notice on shoulder 
construction for rigid pavements. Construct shoulders immediately after 
adjacent paving is complete. In the case of rigid pavements, do not 
construct shoulders until permission of the Contracting Officer has been 
obtained. Compact the entire shoulder area to at least the percentage of 
maximum density as specified in paragraph SUBGRADE PREPARATION above, for 
specific ranges of depth below the surface of the shoulder. Finish 
compaction by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled 
rollers, vibratory compactors, or other approved equipment. Finish 
shoulder construction in proper sequence in such a manner that adjacent 
ditches will be drained effectively and that no damage of any kind is done 
to the adjacent completed pavement.Align the completed shoulders true to 
grade and shaped to drain in conformity with the cross section shown.

3.16 FINISHING

Finish the surface of excavations, embankments, and subgrades to a smooth 
and compact surface in accordance with the lines, grades, and cross 
sections or elevations shown. Provide the degree of finish for graded 
areas within 30 mm 0.1 foot of the grades and elevations indicated except 
that the degree of finish for subgrades specified in paragraph SUBGRADE 
PREPARATION. Finish gutters and ditches in a manner that will result in 
effective drainage. Finish the surface of areas to be turfed from 
settlement or washing to a smoothness suitable for the application of 
turfing materials. Repair graded, topsoiled, or backfilled areas prior to 
acceptance of the work, and re-established grades to the required 
elevations and slopes.

3.16.1 Subgrade and Embankments

During construction, keep embankments and excavations shaped and drained. 
Maintain ditches and drains along subgrade to drain effectively at all 
times. Do not disturb the finished subgrade by traffic or other 
operation. Protect and maintain the finished subgrade in a satisfactory 
condition until ballast, subbase, base, or pavement is placed. Do not 
permit the storage or stockpiling of materials on the finished subgrade. 
Do not lay subbase, base course, ballast, or pavement until the subgrade 
has been checked and approved, and in no case place subbase, base, 
surfacing, pavement, or ballast on a muddy, spongy, or frozen subgrade.

3.16.2 Capillary Water Barrier

Place a capillary water barrier under concrete floor and area-way slabs 
grade directly on the subgrade and compact with a minimum of two passes of 
a hand-operated plate-type vibratory compactor.

3.16.3 Grading Around Structures

Construct areas within 1.5 m 5 feet outside of each building and structure 
line true-to-grade, shape to drain, and maintain free of trash and debris 
until final inspection has been completed and the work has been accepted.

3.17 PLACING TOPSOIL

On areas to receive topsoil, prepare the compacted subgrade soil to a 50 mm
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2 inches depth for bonding of topsoil with subsoil. Spread topsoil 
evenly to a thickness of [ ] mm inch and grade to the elevations and 
slopes shown. Do not spread topsoil when frozen or excessively wet or 
dry. Obtain material required for topsoil in excess of that produced by 
excavation within the grading limits from [offsite areas] [areas 
indicated].

3.18 TESTING

Perform testing by a Corps validated commercial testing laboratory or the 
Contractor's validated testing facility. Submit qualifications of the 
Corps validated commercial testing laboratory or the Contractor's 
validated testing facilities. If the Contractor elects to establish 
testing facilities, do not permit work requiring testing until the 
Contractor's facilities have been inspected, Corps validated and approved 
by the Contracting Officer.

a. Determine field in-place density in accordance with [ASTM D1556/D1556M
] [ASTM D2167] [ASTM D6938]. [When ASTM D6938 is used, check the

calibration curves and adjust using only the sand cone method as 
described in ASTM D1556/D1556M. ASTM D6938 results in a wet unit 
weight of soil in determining the moisture content of the soil when 
using this method.

b. Check the calibration curves furnished with the moisture gauges along 
with density calibration checks as described in ASTM D6938; check the 
calibration of both the density and moisture gauges at the beginning 
of a job on each different type of material encountered and at 
intervals as directed by the Contracting Officer.] [ASTM D2937, use 
the Drive Cylinder Method only for soft, fine-grained, cohesive 
soils.] When test results indicate, as determined by the Contracting 
Officer, that compaction is not as specified, remove the material, 
replace and recompact to meet specification requirements.

c. Perform tests on recompacted areas to determine conformance with 
specification requirements. Appoint a registered professional civil 
engineer to certify inspections and test results. These 
certifications shall state that the tests and observations were 
performed by or under the direct supervision of the engineer and that 
the results are representative of the materials or conditions being 
certified by the tests. The following number of tests, if performed 
at the appropriate time, will be the minimum acceptable for each type 
operation.

3.18.1 Fill and Backfill Material Gradation

One test per [ ] cubic meters yards stockpiled or in-place source 
material. Determine gradation of fill and backfill material in accordance 
with [ASTM C136/C136M] [ASTM D1140].

3.18.2 In-Place Densities

a. One test per [ ] square meters feet, or fraction thereof, of each 
lift of fill or backfill areas compacted by other than hand-operated 
machines.

b. One test per [ ] square meters feet, or fraction thereof, of each 
lift of fill or backfill areas compacted by hand-operated machines.
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c. One test per [ ] linear meters feet, or fraction thereof, of each 
lift of embankment or backfill for [roads] [airfields].

d. One test per [ ] linear meters feet, or fraction thereof, of each 
lift of embankment or backfill for railroads.

3.18.3 Check Tests on In-Place Densities

If ASTM D6938 is used, check in-place densities by ASTM D1556/D1556M as 
follows:

a. One check test per lift for each [ ] square meters feet, or 
fraction thereof, of each lift of fill or backfill compacted by other 
than hand-operated machines.

b. One check test per lift for each [ ] square meters feet, of fill 
or backfill areas compacted by hand-operated machines.

c. One check test per lift for each [ ] linear meters feet, or 
fraction thereof, of embankment or backfill for [roads] [airfields].

d. One check test per lift for each [ ] linear meters feet, or 
fraction thereof, of embankment or backfill for railroads.

3.18.4 Moisture Contents

In the stockpile, excavation, or borrow areas, perform a minimum of two 
tests per day per type of material or source of material being placed 
during stable weather conditions. During unstable weather, perform tests 
as dictated by local conditions and approved by the Contracting Officer.

3.18.5 Optimum Moisture and Laboratory Maximum Density

Perform tests for each type material or source of material including 
borrow material to determine the optimum moisture and laboratory maximum 
density values. One representative test per [ ] cubic meters yards of 
fill and backfill, or when any change in material occurs which may affect 
the optimum moisture content or laboratory maximum density.

3.18.6 Tolerance Tests for Subgrades

Perform continuous checks on the degree of finish specified in paragraph
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SUBGRADE PREPARATION during construction of the subgrades.

3.18.7 Displacement of Sewers

After other required tests have been performed and the trench backfill 
compacted to 2 feet above the top of the pipe] [the finished grade 
surface], inspect the pipe to determine whether significant displacement 
has occurred. Conduct this inspection in the presence of the 
Contracting Officer.Inspect pipe sizes larger than 900 mm 36 inches,  
while inspecting smaller diameter pipe by shining a light or laser between 
manholes or manhole locations, or by the use of television cameras passed 
through the pipe. If, in the judgment of the Contracting Officer, the 
interior of the pipe shows poor alignment or any other defects that would 
cause improper functioning of the system, replace or repair the defects as 
directed at no additional cost to the Government.

3.19 DISPOSITION OF SURPLUS MATERIAL

Remove surplus material or other soil material not required or suitable 
for filling or backfilling, and brush, refuse, stumps, roots, and timber 
[to a Government disposal area [as indicated][which is located within a 
haul distance of [ ] km miles]][from Government property to an 
approved location ] [from Government property and delivered to a 
licensed/permitted facility or to a location approved by the Contracting 
Officer.].

-- End of Section --
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SECTION 31 23 00.00 20 

EXCAVATION AND FILL
02/11

Adhere to UFC 1-300-02 Unified Facilities Guide 
Specifications (UFGS) 

Comments, suggestions and recommended changes for 
this guide specification are welcome and should be 
submitted as a Criteria Change Request (CCR).

1.1 REFERENCES

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only.

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C600 (2017) Installation of Ductile-Iron Mains 
and Their Appurtenances

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1/D1.1M (2015; Errata 1 2015; Errata 2 2016)
Structural Welding Code - Steel 

AMERICAN WOOD PROTECTION ASSOCIATION (AWPA)

AWPA C2 (2003) Lumber, Timber, Bridge Ties and 
Mine Ties - Preservative Treatment by 
Pressure Processes

AWPA P5 (2015) Standard for Waterborne 
Preservatives

ASTM INTERNATIONAL (ASTM)

ASTM A139/A139M (2016) Standard Specification for 
Electric-Fusion (ARC)-Welded Steel Pipe 
(NPS 4 and over)

ASTM A252 (2010) Standard Specification for Welded 
and Seamless Steel Pipe Piles

ASTM C33/C33M (2018) Standard Specification for Concrete 
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Aggregates

ASTM C136/C136M (2014) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM D422 (1963; R 2007; E 2014; E 2014)
Particle-Size Analysis of Soils

ASTM D698 (2012; E 2014; E 2015) Laboratory
Compaction Characteristics of Soil Using 
Standard Effort (12,400 ft-lbf/cu. ft. 
(600 kN-m/cu. m.))
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ASTM D1140 (2017) Standard Test Methods for 
Determining the Amount of Material Finer 
than 75-µm (No. 200) Sieve in Soils by 
Washing

ASTM D1556/D1556M (2015; E 2016) Standard Test Method for 
Density and Unit Weight of Soil in Place 
by Sand-Cone Method

ASTM D1557 (2012; E 2015) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D1883 (2016) Standard Test Method for California 
Bearing Ratio (CBR) of
Laboratory-Compacted Soils

ASTM D2216 (2019) Standard Test Methods for 
Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass

ASTM D2321 (2018) Standard Practice for Underground 
Installation of Thermoplastic Pipe for 
Sewers and Other Gravity-Flow Applications

ASTM D2487 (2017) Standard Practice for 
Classification of Soils for Engineering 
Purposes (Unified Soil Classification 
System)

ASTM D3786/D3786M (2018) Standard Test Method for Bursting 
Strength of Textile Fabrics-Diaphragm 
Bursting Strength Tester Method

ASTM D4318 (2017; E 2018) Standard Test Methods for 
Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM D4355/D4355M (2014) Deterioration of Geotextiles from 
Exposure to Light, Moisture and Heat in a 
Xenon-Arc Type Apparatus

ASTM D4491/D4491M (2017) Standard Test Methods for Water 
Permeability of Geotextiles by Permittivity

ASTM D4533/D4533M (2015) Standard Test Method for Trapezoid 
Tearing Strength of Geotextiles

ASTM D4632/D4632M (2015a) Grab Breaking Load and Elongation 
of Geotextiles

ASTM D4751 (2016) Standard Test Method for 
Determining Apparent Opening Size of a 
Geotextile

ASTM D4759 (2011; R 2018) Standard Practice for 
Determining the Specification Conformance 
of Geosynthetics
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ASTM D4833/D4833M (2007; E 2013; R 2013) Index Puncture
Resistance of Geotextiles, Geomembranes, 
and Related Products

ASTM D5084 (2016a) Standard Test Methods for 
Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a 
Flexible Wall Permeameter

ASTM D6938 (2017a) Standard Test Method for In-Place 
Density and Water Content of Soil and
Soil-Aggregate by Nuclear Methods (Shallow 
Depth)

U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 385-1-1 (2014) Safety and Health Requirements 
Manual

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA SW-846.3-3 (1999, Third Edition, Update III-A) Test 
Methods for Evaluating Solid Waste: 
Physical/Chemical Methods

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-203 (Rev C; Notice 3) Paper, Kraft, Untreated

1.2 DEFINITIONS

1.2.1 Capillary Water Barrier

A layer of clean, poorly graded crushed rock, stone, or natural sand or 
gravel having a high porosity which is placed beneath a building slab with 
or without a vapor barrier to cut off the capillary flow of pore water to 
the area immediately below a slab.

1.2.2 Degree of Compaction

Degree of compaction is expressed as a percentage of the maximum density 
obtained by the test procedure presented in [ASTM D698][ASTM D1557], for 
general soil types, abbreviated as percent laboratory maximum density.

1.2.3 Hard Materials

Weathered rock, dense consolidated deposits, or conglomerate materials 
which are not included in the definition of "rock" but which usually
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require the use of heavy excavation equipment, ripper teeth, or jack 
hammers for removal.

1.2.4 Rock

Solid homogeneous interlocking crystalline material with firmly cemented, 
laminated, or foliated masses or conglomerate deposits, neither of which 
can be removed without systematic drilling and blasting, drilling and the 
use of expansion jacks or feather wedges, or the use of backhoe-mounted 
pneumatic hole punchers or rock breakers; also large boulders, buried 
masonry, or concrete other than pavement exceeding [0.375] [0.75] [ ] 
cubic meter [1/2] [1] [ ] cubic yard in volume. Removal of hard 
material will not be considered rock excavation because of intermittent 
drilling and blasting that is performed merely to increase production.

1.2.5 Pile Supported Structure

As used herein, a structure where both the foundation and floor slab are 
pile supported.

1.3 SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are [for Contractor Quality 
Control approval.][for information only. When used, a designation 
following the "G" designation identifies the office that will review the 
submittal for the Government.] Submittals with an "S" are for inclusion 
in the Sustainability eNotebook, in conformance to Section 01 33 29 
SUSTAINABILITY REPORTING. Submit the following in accordance with Section 
01 33 00 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals 

[Shoring and Sheeting Plan] 

[Dewatering work plan ] 

Submit 15 days prior to starting work.

SD-06 Test Reports

Borrow Site Testing; G[, [ ]] 

Fill and backfill test

Select material test

Porous fill test for capillary water barrier 

Density tests

[Moisture Content Tests]

Copies of all laboratory and field test reports within 24 hours of the 
completion of the test.

1.4 DELIVERY, STORAGE, AND HANDLING

Perform in a manner to prevent contamination or segregation of materials.
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1.5 CRITERIA FOR BIDDING

Base bids on the following criteria:

a. Surface elevations are as indicated.

b. Pipes or other artificial obstructions, except those indicated, will 
not be encountered.

[ c. Ground water elevations indicated by the boring log were those 
existing at the time subsurface investigations were made and do not 
necessarily represent ground water elevation at the time of 
construction.

[ f. Hard materials [and rock] [will not] [will] be encountered [in [ ] 
percent of the excavations] [at [ ] meter feet below existing 
surface elevations].

[ g. [Borrow material] [Suitable backfill] [and] [bedding material] in the 
quantities required [is] [is not] available [at the project site] 
Government property] [at the location[s]]

[ h. Blasting will not be permitted. Remove material in an approved manner.

]1.6 REQUIREMENTS FOR OFF SITE SOIL

Soils brought in from off site for use as backfill shall be tested for 
petroleum hydrocarbons, BTEX, PCBs and HW characteristics (including 
toxicity, ignitability, corrosivity, and reactivity). Backfill shall not 
contain concentrations of these analytes above the appropriate State 
and/or EPA criteria, and shall pass the tests for HW characteristics.
Determine petroleum hydrocarbon concentrations by using appropriate State 
protocols. Determine BTEX concentrations by using EPA SW-846.3-3 Method 
5035/8260B. Perform complete TCLP in accordance with EPA SW-846.3-3 
Method 1311. Perform HW characteristic tests for ignitability, 
corrosivity, and reactivity in accordance with accepted standard methods. 
Perform PCB testing in accordance with accepted standard methods for 
sampling and analysis of bulk solid samples. Provide borrow site testing 
for petroleum hydrocarbons and BTEX from a grab sample of material from 
the area most likely to be contaminated at the borrow site (as indicated 
by visual or olfactory evidence), with at least one test from each borrow 
site. For each borrow site, provide borrow site testing for HW 
characteristics from a composite sample of material, collected in 
accordance with standard soil sampling techniques. Do not bring material 
onsite until tests results have been received and approved by the 
Contracting Officer.

1.7 QUALITY ASSURANCE

[1.7.1 Shoring and Sheeting Plan

Submit drawings and calculations, certified by a registered professional 
engineer, describing the methods for shoring and sheeting of excavations. 
Drawings shall include material sizes and types, arrangement of members, 
and the sequence and method of installation and removal. Calculations
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shall include data and references used.

[ The Contractor is required to hire a Professional Geotechnical Engineer to 
provide inspection of excavations and soil/groundwater conditions 
throughout construction. The Geotechnical Engineer shall be responsible 
for performing pre-construction and periodic site visits throughout 
construction to assess site conditions. The Geotechnical Engineer shall 
update the excavation, sheeting and dewatering plans as construction 
progresses to reflect changing conditions and shall submit an updated plan 
if necessary. A written report shall be submitted, at least monthly, 
informing the Contractor and Contracting Officer of the status of the plan 
and an accounting of the Contractor's adherence to the plan addressing any 
present or potential problems. The Geotechnical Engineer shall be 
available to meet with the Contracting Officer at any time throughout the 
contract duration.

]][1.7.2 Dewatering Work Plan

Submit procedures for accomplishing dewatering work.

]1.7.3 Utilities

Movement of construction machinery and equipment over pipes and utilities 
during construction shall be at the Contractor's risk. [Perform work 
adjacent to non-Government utilities as indicated in accordance with 
procedures outlined by utility company.] [Excavation made with
power-driven equipment is not permitted within [600] [ ] mm [two] 
[ ] feet of known Government-owned utility or subsurface 
construction. For work immediately adjacent to or for excavations
exposing a utility or other buried obstruction, excavate by hand. Start 
hand excavation on each side of the indicated obstruction and continue 
until the obstruction is uncovered or until clearance for the new grade is 
assured. Support uncovered lines or other existing work affected by the 
contract excavation until approval for backfill is granted by the 
Contracting Officer.] Report damage to utility lines or subsurface 
construction immediately to the Contracting Officer.
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PART 2 PRODUCTS

2.1 SOIL MATERIALS

2.1.1 Satisfactory Materials

Any materials classified by ASTM D2487 as GW, GP, GM, GP-GM, GW-GM, GC, 
GP-GC, GM-GC, SW, SP, [SM,] [SW-SM,] [SC,] [SW-SC,] [SP-SM,] [SP-SC,]
[CL,] [ML,] [CL-ML,] [CH,] [MH] free of debris, roots, wood, scrap 
material, vegetation, refuse, soft unsound particles, and [frozen,] 
deleterious, or objectionable materials. Unless specified otherwise, the 
maximum particle diameter shall be one-half the lift thickness at the 
intended location.

][2.1.2 Unsatisfactory Materials

Materials which do not comply with the requirements for satisfactory 
materials. Unsatisfactory materials also include man-made fills, trash, 
refuse, or backfills from previous construction. Unsatisfactory material 
also includes material classified as satisfactory which contains root and 
other organic matter, frozen material, and stones larger than [ ] mm 
inches. The Contracting Officer shall be notified of any contaminated 
materials.

][2.1.3 Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D2487 as GW, 
GP, SW, and SP. Cohesive materials include materials classified as GC, 
SC, ML, CL, MH, and CH. Materials classified as GM, GP-GM, GW-GM, SW-SM, 
SP-SM, and SM shall be identified as cohesionless only when the fines are 
nonplastic (plasticity index equals zero). Materials classified as GM and 
SM will be identified as cohesive only when the fines have a plasticity 
index greater than zero.

][2.1.4 Expansive Soils

Soils that have a plasticity index equal to or greater than [ ] when 
tested in accordance with ASTM D4318.

][2.1.5 Nonfrost Susceptible (NFS) Material

A uniformly graded washed sand with a maximum particle size of [ ] mm 
inch and less than 5 percent passing the 0.075 mm No. 200 size sieve, and 
with not more than 3 percent by weight finer than 0.02 mm grain size.

]2.1.6 Common Fill

Approved, unclassified soil material with the characteristics required to 
compact to the soil density specified for the intended location.

2.1.7 Backfill and Fill Material

ASTM D2487, classification GW, GP, GM, [GC,] SW, SP, SM, [SC] with a 
maximum ASTM D4318 liquid limit of [35] [ ], maximum ASTM D4318 
plasticity index of [12] [ ], and a maximum of 25 percent by weight 
passing ASTM D1140, 75 micrometers No. 200 sieve.
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2.1.8 Select Material

Provide materials classified as [GW,] [GP,] [SW,] [SP,] or [ ]  by 
ASTM D2487 where indicated. [The liquid limit of such material shall not 
exceed [35] [ ] percent when tested in accordance with ASTM D4318. The 
plasticity index shall not be greater than [12] [ ] percent when 
tested in accordance with ASTM D4318, and not more than [35] [ ]



SECTION 31 23 00.00 20 Page 13

percent by weight shall be finer than 75 micrometers No. 200 sieve when 
tested in accordance with ASTM D1140.] [Coefficient of permeability shall 
be a minimum of [0.01] [ ] mm per second [0.002] [ ] feet per 
minute when tested in accordance with ASTM D5084.]

2.1.9 Topsoil

[ Provide as specified in Section 32 92 19SEEDING.

][Natural, friable soil representative of productive, well-drained soils in 
the area, free of subsoil, stumps, rocks larger than 25 mm one inch 
diameter, brush, weeds, toxic substances, and other material detrimental 
to plant growth. Amend topsoil pH range to obtain a pH of 5.5 to 7.

]2.2 POROUS FILL FOR CAPILLARY WATER BARRIER

ASTM C33/C33M fine aggregate grading with a maximum of 3 percent by weight 
passing ASTM D1140, 75 micrometers No. 200 sieve, [or] [ 37.5 mm 1-1/2 
inches and no more than 2 percent by weight passing the 4.75 mm No. 4 size 
sieve] [or coarse aggregate Size 57, 67, or 77] and conforming to the
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general soil material requirements specified in paragraph entitled 
"Satisfactory Materials."

2.3 UTILITY BEDDING MATERIAL

Except as specified otherwise in the individual piping section, provide 
bedding for buried piping in accordance with AWWA C600, Type 4, except as 
specified herein. Backfill to top of pipe shall be compacted to 95 
percent of ASTM D698 maximum density. Plastic piping shall have bedding 
to spring line of pipe. Provide ASTM D2321 materials as follows:

a. Class I: Angular, 6 to 40 mm 0.25 to 1.5 inches, graded stone, 
including a number of fill materials that have regional significance 
such as coral, slag, cinders, crushed stone, and crushed shells.

b. Class II: Coarse sands and gravels with maximum particle size of 40 mm
1.5 inches, including various graded sands and gravels containing 
small percentages of fines, generally granular and noncohesive, either 
wet or dry. Soil Types GW, GP, SW, and SP are included in this class 
as specified in ASTM D2487.

[2.3.1 Sand

Clean, coarse-grained sand classified as [ in accordance with Section
[ ] [gradation [ ]] of the [DOT] [ ] State Standard] or [SW] 
[or] [SP] by ASTM D2487 for [bedding] [and] [backfill] [as indicated].

][2.3.2 Gravel

Clean, coarsely graded natural gravel, crushed stone or a combination 
thereof [identified as [ ] in accordance with Section [ ]
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[gradation [ ]] of the [DOT] [ ] State Standard] or having a 
classification of [GW] [GP] in accordance with ASTM D2487 for [bedding] 
[and] [backfill] [as indicated]. [Maximum particle size shall not exceed 
[75] [ ] mm [3] [ ] inches.]

]2.5 BORROW

[ Obtain borrow materials required in excess of those furnished from 
excavations from sources outside of Government property.

] [Obtain borrow materials required in excess of those furnished from 
excavations from sources outside of Government property, except that 
borrow materials conforming to [common fill] [and] [fill and backfill 
material] [satisfactory material] [ ] may be obtained from the 
Government borrow pit. The Government borrow pit is located [as 
indicated] [within a haul distance of [ ] kilometers  miles  from  the 
work site]. If the Government borrow pit is used, the Contractor shall 
perform clearing, grubbing, and stripping required for providing access to 
suitable borrow material. Dispose of materials from clearing and grubbing 
operations [off Government property] [at the Government landfill 
indicated]. Strip top 300 mm 12 inches of soil material from borrow area 
and stockpile. After removal of borrow material, regrade borrow pit using
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stockpiled soil material to contours which will blend in with adjacent 
topography. Maximum side slopes shall be two horizontal to one vertical. 
Excavation and backfilling of borrow pit shall ensure proper drainage.]

[2.6 BACKFILL FOR UNDERDRAINAGE SYSTEMS

Clean sand, crushed rock, or gravel meeting the following requirements:

[ a. Perforated or Slotted-Wall Pipe: Backfill meeting requirements of
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[Type I] material as specified in Table 1.

[ b. Open Joint Pipe: [Type III] backfill consisting of both Type I and 
Type II materials as specified in Table 1.

]

[ c. Blind or French Drains: Backfill consisting of [Type II] [Type III] 
material as specified in Table 1.

]

[ d. Any Type Drain Used With Filter Fabric: [Clean gravel or crushed 
stone or gravel conforming to ASTM C33/C33M coarse aggregate grading 
size 57, 67, or 7] [fill consisting of [Type I] [or] [Type II] [Type 
III] material as specified in Table 1].

]

TABLE 1

[Type I 
[Gradation E 
11
ASTM C33/C33M]]

[Type II 
[Gradation 57 
ASTM C33/C33M]]

[Type III 
[Gradation
[ ]] [ ]]

[Percent Passing][ASTM D422 Sieve Size] [Percent 
Passing]

[Percent 
Passing]

[37.5 mm] [1.5 inches] [--] [100] [[ ]]

[25.0 mm] [1 inch] [--] [90 - 100] [[ ]]

[9.5 mm] [3/8 inch] [100] [25 - 60] [[ ]]

[4.75 mm] [No. 4] [95 - 100] [5 - 40] [[ ]]

[2.36 mm] [No. 8] [--] [0 - 20] [[ ]]

[1.18 mm] [No. 16] [45 - 80] [--] [[ ]]

[300 micrometers] [No. 50] [10 - 30] [--] [[ ]]

[150 micrometers] [No. 100] [0 - 10] [--] [[ ]]

]2.7 FILTER FABRIC

Provide a pervious sheet of polyester, nylon, glass or polypropylene [, 
ultraviolet resistant] filaments woven, spun bonded, fused, or otherwise 
manufactured into a nonraveling fabric with uniform thickness and 
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strength. Fabric shall have the following manufacturer certified minimum 
average roll properties as determined by ASTM D4759:
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Class A Class B

a. Grab tensile strength (ASTM D4632/D4632M) 
machine and transversed direction

min. [800] [356] N

b. Grab elongation (ASTM D4632/D4632M) machine 
and transverse direction

min. [15] [15] percent

c. Puncture resistance (ASTM D4833/D4833M) min. [356] [111] N

d. Mullen burst strength (ASTM D3786/D3786M) min. [2,000] [896] kPa

e. Trapezoidal Tear (ASTM D4533/D4533M) min. [222] [111] N

[f. Apparent Opening Size (ASTM D4751)] [[ ]] [[ ]]

[f. Apparent Opening Size (ASTM D4751)] [See Criteria Below]

[(1) Soil with 50 percent or less particles by weight passing 75 micrometers 
Sieve, AOS less than 0.6 mm (greater than 600 micrometers Sieve)]

[(2) Soil with more than 50 percent particles by weight passing 75 micrometers 
Sieve, AOS less than 0.297 mm (greater than 300 micrometers Sieve)]

g. Permeability (ASTM D4491/D4491M) [k fabric greater than k Soil]

[h. Ultraviolet Degradation (ASTM D4355/D4355M)] [70 percent Strength retained 
at 150 hours]

Class A Class B

a. Grab tensile strength (ASTM D4632/D4632M) 
machine and transversed direction

min. [180] [80] lbs.

b. Grab elongation (ASTM D4632/D4632M) machine and 
transverse direction

min. [15] [15] percent

c. Puncture resistance (ASTM D4833/D4833M) min. [80] [25] lbs.

d. Mullen burst strength (ASTM D3786/D3786M) min. [290] [130] psi
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Class A Class B

e. Trapezoidal Tear (ASTM D4533/D4533M) min. [50] [25] lbs.

[f. Apparent Opening Size (ASTM D4751)] [[ ]] [[ ]]

[f. Apparent Opening Size (ASTM D4751)] [See Criteria Below]

[(1) Soil with 50 percent or less particles by weight passing US No. 200 Sieve, 
AOS less than 0.6 mm (greater than #30 US Std. Sieve)]

[(2) Soil with more than 50 percent particles by weight passing US No. 200 Sieve, 
AOS less than 0.297 mm (greater than #50 US Std. Sieve)]

g. Permeability (ASTM D4491/D4491M) [k fabric greater than k Soil]

[h. Ultraviolet Degradation (ASTM D4355/D4355M)] [70 percent Strength retained at
150 hours]

[2.8 MATERIAL FOR PIPE CASING

2.8.1 Casing Pipe

ASTM A139/A139M, Grade B, or ASTM A252, Grade 2, smooth wall pipe. Casing 
size shall be of the outside diameter and wall thickness as indicated.
Protective coating is not required on casing pipe.

2.8.2 Wood Supports

Treated Yellow Pine or Douglas Fir, rough, structural grade. Provide wood 
with nonleaching water-borne pressure preservative (ACA or CCA) and 
treatment conforming to AWPA P5 and AWPA C2, respectively. Secure wood 
supports to carrier pipe with stainless steel or zinc-coated steel bands.

[[Bedding material] [Grout] [Filter fabric] and rock conforming to [these 
requirements] [DOT] [ ] State Standard] for construction indicated.

[2.9.1 Bedding Material

Consisting of sand, gravel, or crushed rock, well graded, [or poorly 
graded] with a maximum particle size of 50 mm 2 inches. Material shall be 
composed of tough, durable particles. Fines passing the 75 micrometers 
No. 200 standard sieve shall have a plasticity index less than six.

][2.9.2 Grout

Composed of cement, water, an air-entraining admixture, and sand mixed in 
proportions of one part portland cement to [two] [ ] parts of sand, 
sufficient water to produce a workable mixture, and an amount of admixture 
which will entrain sufficient air to produce durable grout, as determined 
by the Contracting Officer. Mix grout in a concrete mixer. Mixing time 
shall be sufficient to produce a mixture having a consistency permitting 
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gravity flow into the interstices of the rip-rap with limited spading and 
brooming.

][2.9.3 Rock

Rock fragments sufficiently durable to ensure permanence in the structure 
and the environment in which it is to be used. Rock fragments shall be 
free from cracks, seams, and other defects that would increase the risk of 
deterioration from natural causes. The size of the fragments shall be 
such that no individual fragment exceeds a weight of [68] [ ] kg [150] 
[ ] pounds and that no more than 10 percent of the mixture, by weight, 
consists of fragments weighing 0.91 kg 2 pounds or less each. Specific 
gravity of the rock shall be a minimum of [2.50] [ ]. The inclusion 
of more than trace [1 percent] [ ] quantities of dirt, sand, clay, and 
rock fines will not be permitted.

]2.10 BURIED WARNING AND IDENTIFICATION TAPE

[Polyethylene plastic] [and] [metallic core or metallic-faced, acid- and
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alkali-resistant, polyethylene plastic] warning tape manufactured 
specifically for warning and identification of buried utility lines. 
Provide tape on rolls, 75 mm 3 inch minimum width, color coded as 
specified below for the intended utility with warning and identification 
imprinted in bold black letters continuously over the entire tape 
length. Warning and identification to read, "CAUTION, BURIED (intended 
service) LINE BELOW" or similar wording. Color and printing shall be 
permanent, unaffected by moisture or soil.

Warning Tape Color Codes

[Red:] [Electric]

[Yellow:] [Gas, Oil; Dangerous Materials]

[Orange:] [Telephone and Other Communications]

[Blue:] [Potable Water Systems]

[Green:] [Sewer Systems]

[White:] [Steam Systems]

[Gray:] [Compressed Air]

[Purple:] [Non Potable, Reclaimed Water, Irrigation 
and Slurry lines]

2.10.1 [Warning Tape for Metallic Piping

Acid and alkali-resistant polyethylene plastic tape conforming to the 
width, color, and printing requirements specified above. Minimum 
thickness of tape shall be 0.08 mm 0.003 inch. Tape shall have a minimum 
strength of 10.3 MPa 1500 psi lengthwise, and 8.6 MPa 1250 psi crosswise, 
with a maximum 350 percent elongation.

][2.10.2 Detectable Warning Tape for Non-Metallic Piping

Polyethylene plastic tape conforming to the width, color, and printing 
requirements specified above. Minimum thickness of the tape shall be 0.10 
mm 0.004 inch. Tape shall have a minimum strength of 10.3 MPa 1500 psi 
lengthwise and 8.6 MPa 1250 psi crosswise. Tape shall be manufactured 
with integral wires, foil backing, or other means of enabling detection by 
a metal detector when tape is buried up to 920 mm 3 feet deep. Encase 
metallic element of the tape in a protective jacket or provide with other 
means of corrosion protection.

]2.11 DETECTION WIRE FOR NON-METALLIC PIPING

Detection wire shall be insulated single strand, solid copper with a 
minimum of 12 AWG.
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PART 3 EXECUTION

3.1 PROTECTION

3.1.1 Shoring and Sheeting

Provide shoring [bracing] [cribbing] [trench boxes] [underpinning] [and] 
[sheeting] where indicated. In addition to Section 25 A and B of
EM 385-1-1 [and other requirements set forth in this contract], include 
provisions in the shoring and sheeting plan that will accomplish the 
following:

a. Prevent undermining of pavements, foundations and slabs.

b. Prevent slippage or movement in banks or slopes adjacent to the 
excavation.
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[ c. Allow for the abandonment of shoring and sheeting materials in place 
in critical areas as the work is completed. In these areas, backfill 
the excavation to [the elevation indicated] [within 900 mm 3 feet of 
the finished grade] [ ] and remove the remaining exposed portion 
of the shoring before completing the backfill.

]3.1.2 Drainage and Dewatering

Provide for the collection and disposal of surface and subsurface water 
encountered during construction.

3.1.2.1 Drainage

So that construction operations progress successfully, completely drain 
construction site during periods of construction to keep soil materials 
sufficiently dry. The Contractor shall establish/construct storm drainage 
features (ponds/basins) at the earliest stages of site development, and 
throughout construction grade the construction area to provide positive 
surface water runoff away from the construction activity and/or provide 
temporary ditches, [dikes,] swales, and other drainage features and 
equipment as required to maintain dry soils[, prevent erosion and 
undermining of foundations]. When unsuitable working platforms for 
equipment operation and unsuitable soil support for subsequent 
construction features develop, remove unsuitable material and provide new 
soil material as specified herein. It is the responsibility of the 
Contractor to assess the soil and ground water conditions presented by the 
plans and specifications and to employ necessary measures to permit 
construction to proceed. Excavated slopes and backfill surfaces shall be 
protected to prevent erosion and sloughing. Excavation shall be performed 
so that the site, the area immediately surrounding the site, and the area 
affecting operations at the site shall be continually and effectively 
drained.

3.1.2.2 Dewatering

Groundwater flowing toward or into excavations shall be controlled to 
prevent sloughing of excavation slopes and walls, boils, uplift and heave 
in the excavation and to eliminate interference with orderly progress of 
construction. French drains, sumps, ditches or trenches will not be 
permitted within 0.9 m 3 feet of the foundation of any structure, except 
with specific written approval, and after specific contractual provisions 
for restoration of the foundation area have been made. Control measures 
shall be taken by the time the excavation reaches the water level in order 
to maintain the integrity of the in situ material. While the excavation
is open, the water level shall be maintained continuously, at least [ ] 
m feet below the working level.

[Operate dewatering system continuously until construction work below 
existing water levels is complete. Submit performance records weekly.] 
[Measure and record performance of dewatering system at same time each day 
by use of observation wells or piezometers installed in conjunction with 
the dewatering system.] [Relieve hydrostatic head in previous zones below
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subgrade elevation in layered soils to prevent uplift.]

3.1.3 Underground Utilities

Location of the existing utilities indicated is approximate. The 
Contractor shall physically verify the location and elevation of the 
existing utilities indicated prior to starting construction. [The 
Contractor shall contact the [Public Works Department] [ ] for 
assistance in locating existing utilities.] [The Contractor shall scan 
the construction site with electromagnetic and sonic equipment and mark 
the surface of the ground where existing underground utilities are 
discovered.]

3.1.4 Machinery and Equipment

Movement of construction machinery and equipment over pipes during 
construction shall be at the Contractor's risk. Repair, or remove and 
provide new pipe for existing or newly installed pipe that has been 
displaced or damaged.

3.2 SURFACE PREPARATION

3.2.1 Clearing and Grubbing

Unless indicated otherwise, remove trees, stumps, logs, shrubs, brush and 
vegetation and other items that would interfere with construction 
operations within the [clearing limits] [within lines 1.5 m 5 feet outside 
of each building and structure line] [ ]. Remove stumps entirely.
Grub out matted roots and roots over 50 mm 2 inches in diameter to at least
460 mm 18 inches below existing surface.

3.2.2 Stripping

Strip suitable soil from the site where excavation or grading is indicated 
and stockpile separately from other excavated material. Material 
unsuitable for use as topsoil [shall be wasted] [shall be stockpiled and 
used for backfilling]. Locate topsoil so that the material can be used 
readily for the finished grading. Where sufficient existing topsoil 
conforming to the material requirements is not available on site, provide 
borrow materials suitable for use as topsoil. Protect topsoil and keep in 
segregated piles until needed.
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3.2.3 Unsuitable Material

Remove vegetation, debris, decayed vegetable matter, sod, mulch, and 
rubbish underneath paved areas or concrete slabs.

3.3 EXCAVATION

Excavate to contours, elevation, and dimensions indicated. Reuse 
excavated materials that meet the specified requirements for the material 
type required at the intended location. Keep excavations free from water. 
Excavate soil disturbed or weakened by Contractor's operations, soils 
softened or made unsuitable for subsequent construction due to exposure to 
weather. Excavations below indicated depths will not be permitted except 
to remove unsatisfactory material. Unsatisfactory material encountered 
below the grades shown shall be [removed as directed]. Refill with 
[backfill and fill material] [satisfactory material] [select material] 
[porous fill] and compact to [95] [ ] percent of [ASTM D698] [
ASTM D1557] maximum density. Unless specified otherwise, refill 
excavations cut below indicated depth with [backfill and fill material] 
[satisfactory material] [select material] [porous fill] and compact to
[95] [ ] percent of [ASTM D698] [ASTM D1557] maximum density. 
Satisfactory material removed below the depths indicated, without specific 
direction of the Contracting Officer, shall be replaced with satisfactory 
materials to the indicated excavation grade; except as specified for 
spread footings. Determination of elevations and measurements of approved 
overdepth excavation of unsatisfactory material below grades indicated 
shall be done under the direction of the Contracting Officer.

3.3.1 Structures With Spread Footings

Ensure that footing subgrades have been inspected and approved by the 
Contracting Officer prior to concrete placement. Fill over excavations 
with concrete during foundation placement.

3.3.2 Pile Cap Excavation and Backfilling

Excavate to bottom of pile cap prior to placing or driving piles, unless 
authorized otherwise by the Contracting Officer. Backfill and compact 
overexcavations and changes in grade due to pile driving operations to 95 
percent of ASTM D698 maximum density.

3.3.3 Pipe Trenches

Excavate to the dimension indicated. Grade bottom of trenches to provide 
uniform support for each section of pipe after pipe bedding placement.
Tamp if necessary to provide a firm pipe bed. Recesses shall be excavated 
to accommodate bells and joints so that pipe will be uniformly supported 
for the entire length. Rock, where encountered, shall be excavated to a 
depth of at least 150 mm 6 inches below the bottom of the pipe.

[3.3.4 Hard Material [and Rock] Excavation

Remove hard material [and rock] to elevations indicated in a manner that 
will leave foundation material in an unshattered and solid condition.
Roughen level surfaces and cut sloped surfaces into benches for bond with 
concrete. Protect shale from conditions causing decomposition along 
joints or cleavage planes and other types of erosion. Removal of hard 
material [and rock] beyond lines and grades indicated will not be grounds 
for a claim for additional payment unless previously authorized by the 



SECTION 31 23 00.00 20 Page 27

Contracting Officer. Excavation of the material claimed as rock shall not 
be performed until the material has been cross sectioned by the Contractor 
and approved by the Contracting Officer. Common excavation shall consist 
of all excavation not classified as rock excavation.

]3.3.5 Excavated Materials

Satisfactory excavated material required for fill or backfill shall be 
placed in the proper section of the permanent work required or shall be 
separately stockpiled if it cannot be readily placed. Satisfactory 
material in excess of that required for the permanent work and all 
unsatisfactory material shall be disposed of as specified in Paragraph 
"DISPOSITION OF SURPLUS MATERIAL."

3.3.6 Final Grade of Surfaces to Support Concrete

Excavation to final grade shall not be made until just before concrete is 
to be placed. [For pile foundations, the excavation shall be stopped at 
an elevation 150 to 300 mm 6 to 12 inches above the bottom of the footing 
before driving piles. After pile driving has been completed, the 
remainder of the excavation shall be completed to the elevations shown.] 
Only excavation methods that will leave the foundation rock in a solid and 
unshattered condition shall be used. Approximately level surfaces shall 
be roughened, and sloped surfaces shall be cut as indicated into rough 
steps or benches to provide a satisfactory bond. Shales shall be 
protected from slaking and all surfaces shall be protected from erosion 
resulting from ponding or flow of water.
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3.4 SUBGRADE PREPARATION

Unsatisfactory material in surfaces to receive fill or in excavated areas 
shall be removed and replaced with satisfactory materials as directed by 
the Contracting Officer. The surface shall be scarified to a depth of 150 
mm 6 inches before the fill is started. Sloped surfaces steeper than 1 
vertical to 4 horizontal shall be plowed, stepped, benched, or broken up 
so that the fill material will bond with the existing material. When 
subgrades are less than the specified density, the ground surface shall be 
broken up to a minimum depth of 150 mm 6 inches, pulverized, and compacted 
to the specified density. When the subgrade is part fill and part 
excavation or natural ground, the excavated or natural ground portion 
shall be scarified to a depth of 300 mm 12 inches and compacted as 
specified for the adjacent fill. Material shall not be placed on surfaces 
that are muddy, frozen, or contain frost. Compaction shall be 
accomplished by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled 
rollers, or other approved equipment well suited to the soil being 
compacted. Material shall be moistened or aerated as necessary [to plus 
or minus [ ] percent of optimum moisture] [to provide the moisture 
content that will readily facilitate obtaining the specified compaction 
with the equipment used]. Minimum subgrade density shall be as specified 
herein.

3.4.1 Proof Rolling

Proof rolling shall be done on an exposed subgrade free of surface water 
(wet conditions resulting from rainfall) which would promote degradation 
of an otherwise acceptable subgrade. [After stripping,] proof roll the 
existing subgrade of the [building] [ ] with six passes of  a  [dump 
truck loaded with 6 cubic meters 212 cubic feet of soil] [ 13.6 meter ton
15 ton, pneumatic-tired roller.] Operate the [roller] [truck] in a 
systematic manner to ensure the number of passes over all areas, and at 
speeds between 4 to 5.5 kilometers per hour 2 1/2 to 3 1/2 miles per hour. 
[When proof rolling under buildings, the building subgrade shall be 
considered to extend 1.5 m 5 feet beyond the building lines, and one-half 
of the passes made with the roller shall be in a direction perpendicular  
to the other passes.] Notify the Contracting Officer a minimum of 3 days 
prior to proof rolling.Proof rolling shall be performed in the presence   
of the Contracting Officer. Rutting or pumping of material shall be 
undercut [as directed by the Contracting Officer] [to a depth of [ ] mm
inches] and replaced with [fill and backfill] [select] material. [Bids 
shall be based on replacing approximately [ ] square meters square 
yards, with an average depth of [ ] mm inches at various locations.]

3.5 SUBGRADE FILTER FABRIC

Place synthetic fiber filter fabric as indicated directly on prepared 
subgrade free of [vegetation,] stumps, rocks larger than [50 mm] [2 inches]
[ ] diameter and other debris which may puncture or otherwise damage 
the fabric. Repair damaged fabric by placing an additional layer of 
fabric to cover the damaged area a minimum of [0.9 m] [3 feet][ ] 
overlap in all directions. Overlap fabric at joints a minimum of 0.9 m 3 
feet. Obtain approval of filter fabric installation before placing fill 
or backfill. Place fill or backfill on fabric in the direction of 
overlaps and compact as specified herein. Follow manufacturer's 
recommended installation procedures.

3.6 FILLING AND BACKFILLING
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Fill and backfill to contours, elevations, and dimensions indicated. 
Compact each lift before placing overlaying lift.

[3.6.1 Common Fill Placement

Provide for general site [and under [porous fill of] pile-supported 
structures].[Use satisfactory materials.] Place in [150] [ ] mm [6]
[ ] inch lifts. Compact areas not accessible to rollers or compactors 
with mechanical hand tampers. Aerate material excessively moistened by 
rain to a satisfactory moisture content. Finish to a smooth surface by 
blading, rolling with a smooth roller, or both.

]3.6.2 [Backfill and Fill Material Placement

Provide for paved areas and under concrete slabs, except where select 
material is provided. Place in [150] [ ] mm [6] [ ] inch lifts. 
Do not place over wet or frozen areas. Place backfill material adjacent 
to structures as the structural elements are completed and accepted.
Backfill against concrete only when approved. Place and compact material 
to avoid loading upon or against the structure.

][3.6.3 Select Material Placement

Provide under [porous fill of] structures not pile supported. Place in
[150] [ ] mm [6] [ ] inch lifts. Do not place over wet or frozen 
areas. Backfill adjacent to structures shall be placed as structural 
elements are completed and accepted. Backfill against concrete only when 
approved. Place and compact material to avoid loading upon or against 
structure.

]3.6.4 [Backfill and Fill Material Placement Over Pipes and at Walls

Backfilling shall not begin until construction below finish grade has been 
approved, underground utilities systems have been inspected, tested and
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approved, forms removed, and the excavation cleaned of trash and debris. 
Backfill shall be brought to indicated finish grade [and shall include 
backfill for outside grease interceptors and underground fuel tanks].
Where pipe is coated or wrapped for protection against corrosion, the 
backfill material up to an elevation 600 mm 2 feet above sewer lines and
300 mm 1 foot above other utility lines shall be free from stones larger 
than 25 mm 1 inch in any dimension. Heavy equipment for spreading and 
compacting backfill shall not be operated closer to foundation or 
retaining walls than a distance equal to the height of backfill above the 
top of footing; the area remaining shall be compacted in layers not more 
than 100 mm 4 inches in compacted thickness with power-driven hand tampers 
suitable for the material being compacted. Backfill shall be placed 
carefully around pipes or tanks to avoid damage to coatings, wrappings, or 
tanks. Backfill shall not be placed against foundation walls prior to 7 
days after completion of the walls. As far as practicable, backfill shall 
be brought up evenly on each side of the wall and sloped to drain away 
from the wall.

]3.6.5 Porous Fill Placement

Provide under floor and area-way slabs on a compacted subgrade. Place in
[100] [ ] mm [4] [ ] inch lifts with a minimum of two passes of a 
hand-operated plate-type vibratory compactor.

3.6.6 Trench Backfilling

Backfill as rapidly as construction, testing, and acceptance of work 
permits. Place and compact backfill under structures and paved areas in
[150] [ ] mm [6] [ ] inch lifts to top of trench and in [150] 
[ ] mm [6] [ ] inch lifts to 300 mm one foot over pipe outside 
structures and paved areas.

3.7 BORROW

Where satisfactory materials are not available in sufficient quantity from 
required excavations, approved borrow materials shall be obtained as 
specified herein.

3.8 BURIED WARNING AND IDENTIFICATION TAPE

Provide buried utility lines with utility identification tape. Bury tape
300 mm 12 inches below finished grade; under pavements and slabs, bury tape
150 mm 6 inches below top of subgrade.

3.9 BURIED DETECTION WIRE

Bury detection wire directly above non-metallic piping at a distance not
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to exceed 300 mm 12 inches above the top of pipe. The wire shall extend 
continuously and unbroken, from manhole to manhole. The 
ends of the wire shall terminate inside the manholes at each end of the 
pipe, with a minimum of 0.9 m 3 feet of wire, coiled, remaining accessible 
in each manhole. The wire shall remain 
insulated over it's entire length. The wire shall enter 
manholes between the top of the corbel and the frame, and extend up 
through the chimney seal between the frame and the chimney
seal. For force mains, the wire shall terminate in the valve pit at the 
pump station end of the pipe.

3.10 COMPACTION

Determine in-place density of existing subgrade; if required density 
exists, no compaction of existing subgrade will be required. [Density 
requirements specified herein are for cohesionless materials. When 
cohesive materials are encountered or used, density requirements may be 
reduced by 5 percent.]

3.10.1 General Site

Compact underneath areas designated for vegetation and areas outside the
1.5 meter 5 foot line of the paved area or structure to [85] [90] [ ] 
percent of [ASTM D698] [ASTM D1557]. [Compact expansive materials to not 
less than [ ] percent nor more than [ ] percent.]

3.10.2 Structures, Spread Footings, and Concrete Slabs

Compact top 300 mm 12 inches of subgrades to [95] [ ] percent of [ 
ASTM D698] [ASTM D1557]. Compact [common fill] [fill and backfill 
material] [select material] to [95] [ ] percent of [ASTM D698] [ 
ASTM D1557].

3.10.3 Adjacent Area

Compact areas within 1.5 m 5 feet of structures to [90] [ ] percent of 
[ASTM D698] [ASTM D1557].
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3.10.4 Paved Areas

Compact top 300 mm 12 inches of subgrades to [95] [ ] percent of [ 
ASTM D698] [ASTM D1557]. Compact fill and backfill materials to 95 
percent of [ASTM D698] [ASTM D1557].

[3.10.5 Airfield Pavements

Compact top 600 mm 24 inches below finished pavement or top 300 mm 12 
inches of subgrades, whichever is greater, to [100] [ ] percent of 
ASTM D1557; compact fill and backfill material to [100] [ ] percent of 
ASTM D1557.

][3.12 SPECIAL EARTHWORK REQUIREMENTS FOR SUBSURFACE DRAINS

Excavate to dimensions indicated. Provide a bedding surface of no more 
than 25 mm one inch of [sand] [gravel] [Type I subdrain backfill material] 
and place on compacted [native soil] [impermeable material] as indicated. 
Backfill [blind or french drains] [around and over the pipes after pipe 
installation has been approved]. Place special granular filter material in
150 mm 6 inch lifts and compact with mechanical, vibrating plate tampers 
or rammers until no further consolidation can be achieved. Compact 
backfill overlying the special granular filter material as specified for 
adjacent or overlying work.

3.12.1 Granular Backfill Without Filter Fabric

3.12.1.1 Perforated or Slotted Wall Pipe

Place granular material as pipe is laid and extend fit for a minimum of 
[one] pipe diameter on each side of and 450 mm 18 inches above the top of 
the pipe. Place a layer of [kraft paper] [ ,] on top of granular 
filter before continuing with the backfill.

3.12.1.2 Open-Joint Pipe

Place both types of granular material specified as pipe is laid forming an 
aggregate filter around the pipe. Provide [Type II] material to envelope 
the pipe a minimum of one-half the pipe diameter or twice the maximum 
aggregate size, whichever is larger, on each side and on top of the pipe. 
Place [Type I] material next to and on top of the [Type II] material to 
provide a total fill extending at least [one] pipe diameter on each side 
of and 450 mm 18 inches above the top of the pipe. Place a layer of 
[kraft paper] [ ,] on top of the granular filter before continuing 
with the backfill.
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3.12.2 Granular Backfill Using Filter Fabric

3.12.2.1 Perforated or Slotted Wall Pipes

Wrap one layer of filter fabric around pipe in such a manner that 
longitudinal overlaps are in unperforated or unslotted quadrants of the 
pipe. Overlap fabric a minimum of 50 mm 2 inches. Secure fabric to pipe 
so that backfill material does not infiltrate through overlaps. Place 
granular material and extend it for [one] pipe diameter, minimum of 150 mm
6 inches on each side of and 450 mm 18 inches above top of pipe. Place a 
layer of filter fabric on top of granular filter before continuing with 
backfill.

3.12.2.2 Open-Joint Pipe

Wrap one layer of filter fabric around pipe joints overlapping a minimum of
50 mm 2 inches in the longitudinal direction and extending at least 150 mm
6 inches on both sides of the joint. Secure fabric to pipe so that 
backfill material does not infiltrate through overlaps. Place granular 
material specified and extend it for a minimum of [one] pipe diameter on 
each side of and 450 mm 18 inches above top of pipe. Place a layer of 
filter fabric on top of granular filter before continuing with backfill.

3.12.2.3 Blind or French Drains

Install filter cloth in trenches with smoothly graded sides and bottom, 
free of cavities or projecting rocks. Lay the cloth flat but not 
stretched [and secure with anchor pins]. Place filter cloth so that drain 
water must pass through the cloth into the specified granular filter 
material. Overlap ends at least of 300 mm 12 inches. Place backfill on 
filter cloth in the direction of overlaps. Where fabric is damaged, place 
a new piece of filter cloth over damaged area and overlap at least of 300 
mm 12 inches in every direction.

3.15.1 Topsoil and Seed

[ Provide as specified in Section 32 92 19 SEEDING.

] [Scarify existing subgrade. Provide 100 mm 4 inches of topsoil for newly 
graded finish earth surfaces and areas disturbed by the Contractor.
Topsoil shall not be placed when the subgrade is frozen, excessively wet, 
extremely dry, or in a condition otherwise detrimental to seeding, 
planting, or proper grading. [Additional topsoil will not be required if 
work is performed in compliance with stripping and stockpiling 
requirements.] [If there is insufficient on-site topsoil meeting 
specified requirements for topsoil, provide topsoil required in excess of 
that available.]Seed shall match existing vegetation. Provide seed at
2.5 kg per 100 square meters 5 pounds per 1000 square feet. Provide 
granular controlled release fertilizer containing the following minimum 
percentages, by weight, of plant food nutrients:

[ ] percent available nitrogen
[ ] percent available phosphorus 
[ ] percent available potassium 
[ ] percent sulfur
[[ ] percent iron]



SECTION 31 23 00.00 20 Page 34

Provide mulch and water to establish an acceptable stand of grass.]
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3.15.2 Protection of Surfaces

Protect newly backfilled, graded, and topsoiled areas from traffic, 
erosion, and settlements that may occur. Repair or reestablish damaged 
grades, elevations, or slopes.

3.16 DISPOSITION OF SURPLUS MATERIAL

[Waste in Government disposal area [indicated] [which is located within a 
haul distance of [ ] kilometers miles.] [Remove from Government 
property] surplus or other soil material not required or suitable for 
filling or backfilling, and brush, refuse, stumps, roots, and timber.]

3.17 FIELD QUALITY CONTROL

3.17.1 Sampling

Take the number and size of samples required to perform the following 
tests.

3.17.2 Testing

Perform one of each of the following tests for each material used. Provide 
additional tests for each source change.

3.17.2.1 Fill and Backfill Material Testing

Test fill and backfill material in accordance with ASTM C136/C136M for 
conformance to ASTM D2487 gradation limits; ASTM D1140 for material finer 
than the 75 micrometers No. 200 sieve; ASTM D4318 for liquid limit and for 
plastic limit; ASTM D698 or ASTM D1557 for moisture density relations, as 
applicable.

3.17.2.2 Select Material Testing

Test select material in accordance with ASTM C136/C136M for conformance to 
ASTM D2487 gradation limits; ASTM D1140 for material finer than the 75 
micrometers No. 200 sieve; ASTM D698 or ASTM D1557 for moisture density 
relations, as applicable.

3.17.2.3 Porous Fill Testing

Test porous fill in accordance with ASTM C136/C136M for conformance to 
gradation specified in ASTM C33/C33M.

3.17.2.4 Density Tests
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Material Type Location of Material Test Frequency

Undisturbed 
native soil

Structures Two random tests in native soil building 
footings and two tests on subgrade 
within building line.

Fills and 
backfills

Structures 
(adjacent to)

One test per structure per 200 sq. m 
taken 300 mm below finished grade.

Subgrades Site (except 
airfields)

One test per lift per 250 sq. m

Embankments or 
borrow

Any One test per lift per 400 cubic m placed.

Native soil 
subgrade other 
than structures 
and parking

Any One test or one test per 900 sq. m 
whichever is greater.

Borrow Any One test per lift per 400 cubic m placed.

Material Type Location of Material Test Frequency

Undisturbed 
native soil

Structures Two random tests in native soil building 
footings and two tests on subgrade 
within building line.

Fills and 
backfills

Structures 
(adjacent to)

One test per structure per 2,000 sq. ft 
taken 12 inches below finished grade.

Subgrades Site (except 
airfields)

One test per lift per 2,500 sq. ft

Embankments or 
borrow

Any One test per lift per 500 cubic 
placed.

yds

Native soil 
subgrade other 
than structures 
and parking

Any One test or one test per 10,000 
whichever is greater.

sq. ft

Borrow Any One test per lift per 500 cubic 
placed.

yds

************************************************************************** 
Test density in accordance with ASTM D1556/D1556M, or ASTM D6938. When 
ASTM D6938 density tests are used, verify density test results by
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performing an ASTM D1556/D1556M density test at a location already 
ASTM D6938 tested as specified herein. Perform an ASTM D1556/D1556M
density test at the start of the job, and for every 10 ASTM D6938 density 
tests thereafter. Test each lift at randomly selected locations every
[200] [ ] square meters [2000] [ ] square feet of existing grade 
in fills for structures and concrete slabs, and every [250] [ ] square 
meters [2500] [ ] square feet for other fill areas and every [200]
[ ] square meters [2000] [ ] square feet of subgrade in cut. 
Include density test results in daily report.

[ Bedding and backfill in trenches: One test per [15] [ ] meters [50] 
[ ] linear feet in each lift.

] -- End of Section --
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