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SECTION 15000
GENERAL PROVISIONS FOR MECHANICAL

PART 1 GENERAL

1.1 SPECIAL NOTE: 

A. The Architectural, Structural, and Electrical Plans and Specifications, including 
the supplements issued thereto, Information to Bidders, and other pertinent 
documents issued by the Engineer, are a part of these specifications and the 
accompanying mechanical plans. All the above is included herewith, will be 
issued separately or is on file at the Architect's office, for examination by all 
bidders. Omission of drawings will not relieve the Contractor of responsibility or 
be used as a basis for additional compensation. 

1.2 CHECKING DOCUMENTS: 

A. The drawings and the specifications are numbered consecutively. Check all 
drawings and specifications thoroughly and notify the Engineer of any 
discrepancies or omissions of sheets or pages. Upon notification, the Architect or 
Engineer will provide the Contractor with any missing portions of the drawings or 
specifications.  

1.3 LAWS, CODES AND ORDINANCES: 

A. Performance all work in accordance with the codes listed below as well as the 
codes of any other legal body having jurisdiction, as interpreted by the inspecting 
authority.
1. 2015 International Building Code (IBC)
2. 2015 International Mechanical Code (IMC)
3. 2015 International Plumbing Code (IPC)
4. 2015 International Energy Conservation Code
5. 2015 International Fire Code (IFC)
6. Americans with Disabilities Act (ADA)
7. Texas Accessibility Standards (TAS)
8. US Department of Labor

a) Occupational Safety and Health Administration's (OSHA) 
Occupational Safety and Health Standards.

9. National Fire Protection Association (NFPA)
a) NFPA 24, Installation of Fire Service Mains and Their 

Appurtenances. 

B. Where these specifications and the accompanying drawings conflict with these 
requirements, report the matter to the Engineer for clarification.  

1.4 AMERICANS WITH DISABILITIES ACT (ADA)  / TEXAS ACCESSIBILITY STANDARDS 
(TAS) 

A. Install all work to conform with the requirements of the Americans with 
Disabilities Act (ADA) and the Texas Accessibility Standards (TAS). Where 
conflicts occur between these two standards, the TAS shall govern. 

B. Obtain documentation referencing these standards, and install work in strict 
accordance with them. Before installing any work where it is unclear as to the 
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exact requirements of the standards, obtain a ruling from the Architect or 
Engineer for an interpretation of the requirements. 

C. The following is a general outline of requirements for mechanical and plumbing 
items. These items are for general reference only. Consult the original standard 
for exact requirements. These items include but are not limited to the following:
1. Thermostats and other controls:

a) Maximum mounting height to the top of the device is 48 inches.
2. Water Closets - flush controls

a) In all cases, whether the flush device is a flush valve or a flush 
tank, install the device such that the flush controls are mounted on 
the wide side of the toilet area. 

b) Install so that flush controls are no higher than 44 inches above 
the floor.

3. Urinals
a) Adults - primary users are 16 years and older: Mount fixture with 

rim 17 inches above floor. Fixtures have 14 inch tapered 
elongated rim.

4. Lavatories and Sinks
a) Adults - primary users are 16 years and older: Mount fixture with 

rim 34 inches above floor. Maintain 29 inches clearance under 
rim.

5. Lavatories and Sinks - exposed pipes and surfaces
a) Insulate water supplies and risers as well as p-traps and tailpieces 

with pre-formed insulating covers.
b) Install offset tailpieces to maintain knee clearance at least 27 

inches high and 19 inches deep. 

1.5 GENERAL: 

A. In general, the lines and ducts to be installed by the various trades under these 
specifications shall be run as indicated, as specified herein, as required by 
particular conditions at the site, and as required to conform to the generally 
accepted standards as to complete the work in a neat and satisfactorily workable 
manner. The following is a general outline concerning the running of various 
lines and ducts and is to be excepted where the drawings or conditions at the 
building necessitate deviating from these standards. 

B. All piping and ductwork for the mechanical trade shall be concealed in chases in 
finished areas, except as indicated on the drawings. Horizontal lines run in areas 
that have ceilings shall be run concealed in those ceilings, unless otherwise 
specifically indicated or directed. 

C. Piping and ductwork may be run exposed in machinery and equipment spaces, 
where serving as connections to motors and equipment items in finished rooms 
where exposed connections are required, and elsewhere as indicated on the 
drawings or required. 

D. All conduits in any space where they are exposed shall run parallel with the 
building walls. They shall enter the concealed areas perpendicular with the walls, 
ceilings or floors. Fittings shall be used where necessary to comply with this 
requirement.
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E. The mechanical plans do not give exact details as to elevations of lines and 
ducts, exact locations, etc., and do not show all the offsets, control lines, pilot 
lines and other installation details. Carefully lay out work at the site to conform to 
the architectural and structural conditions, to provide proper grading of lines, to 
avoid all obstruction, to conform to details of installation supplied by the 
manufacturers of the equipment to be installed, and thereby to provide an 
integrated, satisfactorily operating installation. 

F. The mechanical plans do not give exact locations of outlets, fixtures, equipment 
items, etc. Determine the exact location of each item by reference to the general 
plans and to all detail drawings, equipment drawings, roughing-in drawings, etc., 
by measurements at the building, and in cooperation with other sections.  

G. The Contractor is responsible for the proper fitting of his material and apparatus 
into the space. Should the particular equipment which any bidder proposes to 
install require other space conditions than those indicated on the drawings, he 
shall arrange for such space with the Engineer. The Contractor shall make such 
necessary changes at his own expense. 

H. Order of precedence shall be observed in laying out the pipe, ductwork, and 
material in order to fit the material into the space above the ceiling and in the 
chases and walls. The following order shall govern:
1. Lines requiring grade to function such as sewers.
2. Large ducts and pipes with critical clearances.
3. Conduit, water lines, and other lines whose routing is not critical and 

whose function would not be impaired by bends and offsets.
4. Items affecting the visual appearance of the inside of the building such as 

diffusers, grilles, etc. Coordinate all items to avoid conflicts at the site. 

I. The Contractor understands that the work described herein and shown on the 
accompanying drawings results in a finished and working job, and any item 
required to accomplish this intent shall be included whether specifically 
mentioned or not. 

J. Examine the plans and specifications for the General Construction. If these 
documents show any item requiring work under Division 15 and that work is not 
indicated on the respective "M" or "P" drawings, notify the Engineer in sufficient 
time to clarify before bidding.  

1.6 DIMENSIONS: 

A. Before ordering any material or doing any work, verify all dimensions, including 
elevations, and be responsible for the correctness of the same. Submit any 
difference found to the Engineer for consideration before proceeding with the 
work. 

1.7 INSPECTION OF SITE: 

A. The accompanying plans do not indicate completely the existing mechanical 
installations. Inspect the existing installations and be thoroughly acquainted with 
conditions to be met and the work to be accomplished in removing and modifying 
the existing work, and in installing the new work in the present building and 
underground serving to and from that structure.  
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1.8 ELECTRIC CONTROL WIRING OF HVAC MOTORS AND MOTOR-OPERATED 
EQUIPMENT: 

A. Control wiring of HVAC motors and motor-operated equipment: 

B. General requirements:
1. It is the intent of these specifications to provide a clear delineation of 

responsibilities for the providing of electrical control wiring.
2. Coordinate divisions 15 and 16 with each other to insure that all control 

wiring is provided as described.
3. Furnish all required items under the contract, with responsibilities of 

specific items as described hereafter, or in Division 16 Specifications.
4. While these specifications indicate the contract responsibilities of the 

various Divisions, they do not prevent job-site mutually agreed upon 
revisions or modifications to these responsibilities provided that ultimate 
contract responsibilities are retained as described in the Specifications. 

C. Responsibilities of Division 15 (Mechanical):
1. Furnish and set in place, ready for electrical connection, all HVAC motors 

and motor-operated HVAC equipment unless specifically noted 
otherwise.

2. Provide and set in place all HVAC control devices, such as relays, 
thermostats, electrically operated valves and related items.

3. Provide and install all HVAC and energy management system control 
wiring by Temperature Controls Subcontractor. 

D. Responsibilities of Division 16 (Electrical):
1. Furnish, mount and connect to safety and disconnect switches for fan-coil 

units, pumps, fans and similar HVAC equipment not furnished from the 
factory with integral safety or disconnect switches.

2. Connect to speed switches factory furnished on fractional horsepower 
fan-coil units, convectors and similar equipment. Division 16 is not 
required to provide field installed speed switches unless specifically noted 
on the Drawings.

3. Furnish, mount and connect to single and two speed full voltage non-
reversing motor starters for all mechanical equipment requiring starters 
such as pumps, air handling units and similar equipment unless 
specifically noted otherwise on the Drawings. Generally, it is the 
responsibility of Division 16 (electrical) to provide and install all standard 
magnetic starters, except for integral starters normally provided with 
mechanical equipment such as chillers.

4. Refer to the Drawings for specific or unusual connection arrangements.

1.9 MANUFACTURER'S DIRECTIONS: 

A. All manufactured articles shall be applied, installed and handled as 
recommended by the manufacturer. 

1.10 MATERIALS AND WORKMANSHIP: 

A. All materials are new unless otherwise specified and of the quality specified. All 
materials of a type for which the Underwriters Laboratories, Inc. have established 
a standard shall be listed by the Underwriters Laboratories, Inc. and shall bear 
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their label. 

B. Wherever the make of material or apparatus required is not definitely specified, 
submit a sample to the Engineer before proceeding. 

C. The Engineer reserves the right to call for samples of any item of material 
offered in substitution, together with a sample of the specified material, when, in 
the Engineer's opinion, the quality of the material and/or the appearance is 
involved and it is deemed that an evaluation of the two materials may be better 
made by visual inspection. 

1.11 SUBSTITUTION OF MATERIALS: 

A. Where a definite material of a specific manufacturer is mentioned in these 
specifications, it has been done in order to establish a standard of quality of the 
product or item to be used on the project. 

B. It is recognized that acceptable materials are offered by manufacturers other 
than those named in the specifications. All request for substitution of materials, 
products and equipment shall be made in writing to the Engineer at least five 
working days prior to the bid date. Requests made after that time or not made in 
writing will not be considered.
1. Furnish complete descriptive literature and complete operation and 

performance data on all substitute materials. 
2. Include in the information a complete list of deviations of the requested 

item from the specified item. 
3. The Engineer will investigate such requests for substitutions, and issue 

any acceptance of substitution by addendum.
4. Substitutions which are requested and which are allowed will be made 

known by the Engineer in addendum form prior to bid.
5. Approval to substitute an item does not constitute acceptance of  the 

product to be used on the project or the omission of the submittal 
process. 

1.12 SUBMITTAL PROCEDURES:

A. NOTE: Submittals not in compliance with the following requirements will 

be summarily rejected.

B. The Engineer reserves the right to directly charge the Contractor for time and 
material costs, at standard hourly rates, if  more than two (2) submittals of the 
same class, type of materials, or equipment is required to obtain approval.

C. Schedule submittals to expedite the Project, and deliver to Architect/Engineer. 
Coordinate submission of related items.

D. For each submittal for review, allow 15 days excluding delivery time to and from 
the Contractor.

E. Identify variations from Contract Documents and product or system limitations 
which may be detrimental to successful performance of  the completed Work.

F. When revised for resubmission, identify all changes made since previous 
submission.
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G. Distribute copies of reviewed submittals as appropriate. Instruct parties to 
promptly report any inability to comply with requirements.

H. Submittal Format:
1. Submit all shop drawings at one time. 
2. The contractor may submit hard copies of submittals or electronic files as 

directed by the architect.  In either case, the contractor shall be 
responsible for providing the owner with a complete and corrected 
submittal at the end of the contract incorporating any and all review 
comments.

3. Hard Copies of Submittals:
a) Bind in a three-ring binder with each section indexed according to 

the specifications and separate from other sections.
4. Electronic Submittals:

a) Submit on a single CD or USB Flash Drive.
b) All files shall be compiled into a single pdf portfolio with each 

section indexed according to the specifications.
1) Individual files will NOT be accepted, and the entire 

submittal will be summarily rejected.
5. Identify Project, Architect, Engineer, Contractor, subcontractor and 

supplier.
6. Index each section according to the specifications and separate from 

other sections.
7. Apply Contractor's stamp, signed or initialed, certifying that review, 

approval, verification of products required, field dimensions, adjacent 
construction Work, and coordination of information is in accordance with 
the requirements of the Work and Contract Documents.

8. Provide a 2 inch x 5 inch space for the Engineer's review stamp on hard 
copies of submittals.

I. Product Data
1. Product data to be job specific. 

a) Catalogue cut sheets providing only generic information will not be 
accepted

b) Equipment selections shall indicate actual performance of 
equipment, corrected for jobsite conditions, altitude, temperature 
and pressures.

2. Submit to Architect/Engineer for review for the limited purpose of 
checking for conformance with information given and the design concept 
expressed in the contract documents. Provide copies and distribute in 
accordance with SUBMITTAL PROCEDURES article and for record 
documents purposes.

3. Submit the number of copies which the Contractor requires, plus two 
copies which will be retained by the Architect/Engineer.

4. Mark each copy to identify applicable products, models, options, and 
other data. Supplement manufacturers'  standard data to provide 
information specific to this Project.

5. Indicate product utility and electrical characteristics, utility connection 
requirements, and location of utility outlets for service for functional 
equipment and appliances.

6. After review distribute in accordance with the Submittal Procedures article 
above and provide copies for record documents. 
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J. Manufacturer's Instructions
1. When specified in individual specification sections, submit printed 

instructions for delivery, storage, assembly, installation, start-up, 
adjusting, and finishing, to Architect/Engineer for delivery to Owner in 
quantities specified for Product Data.

2. Indicate special procedures, perimeter conditions requiring special 
attention, and special environmental criteria required for application or 
installation. 

K. Manufacturer's Field Reports
1. Submit reports for the Architect/Engineer's benefit as contract 

administrator or for the Owner.
2. Submit report within 30 days of observation to Architect/Engineer for 

information.
3. Submit for information for the limited purpose of assessing conformance 

with information given and the design concept expressed in the Contract 
Documents.

1.13 PROTECTION OF APPARATUS: 

A. Take precautions necessary to properly protect new apparatus from damage. 
Erect temporary shelters to adequately protect any apparatus stored in the open 
on the site. Crib apparatus above the floor of the construction. Cover apparatus 
in the incomplete building with tarpaulins or other protective covering. The 
Engineer reserves the right to reject any equipment or component which has not 
been properly protected. 

1.14 PERMITS, FEE, ETC.: 

A. Arrange for a permit from the local authority. Arrange for all utility services, 
including sewer, water, gas and electric services as applicable. Pay any charges 
made by any of the utility companies due to the work on this project, including 
charges for metering, connection, street cutting, etc. Pay any inspection fees or 
other fees and charges required by ordinance, law, codes and these 
specifications. 

1.15 TESTING: 

A. Perform the various tests as specified and required by the Engineer and as 
required by the State and local authorities. Furnish all fuel and materials 
necessary for making tests. 

1.16 CLEANING 

A. At all times during the progress of the work, keep the premises clean and free of 
unnecessary materials and debris. Clear any designated areas or area of 
materials and debris. On completion of any portion of the work, remove from the 
premises all tools and machinery and all debris occasioned by the work, leaving 
the premises free of all debris and construction dust. 

1.17 COORDINATION OF TRADES: 

A. Items furnished under Division 15 which require electrical connections shall be 
coordinated with Division 16 for:
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1. Voltage
2. Phase
3. Ampacity
4. No. and size of wires
5. Wiring diagrams
6. Starter size, details and location
7. Control devices and details 

B. Coordinate items furnished under various sections which require plumbing 
connections for services, pressure, size and location of connections, type of fuel, 
clearances for service, auxiliary devices required, etc. 

C. Insulation shall be checked against manufacturer's directions and job 
requirements for suitability, coverage, thickness and finish. 

D. Coordinate items installed in/on finished ceilings with the ceiling construction. 
Conform to the reflected ceiling plan and secure details and/or samples of the 
ceiling materials as necessary to insure compatibility. 

E. Install all items specified tight, plumb, level, square and symmetrically placed in 
relation to the work of other trades. 

1.18 CUTTING AND PATCHING: 

A. Perform all construction modification and cutting required to install the work. No 
cutting of any structural member is permitted without specific permission from 
the Engineer. 

B. Patching shall be done by the Contractor under the section  for which the trade is 
specified. 

1.19 PAINTING: 

A. All painting shall be done by the Contractor under Division 9. Following is a 
general outline of the required work for Divisions 15.
1. When the factory finish on any apparatus or equipment is marred, touch 

up and give one coat of half flat half enamel, followed by a coat of 
machinery enamel of a color to match the original. Paint factory primed 
surfaces.

2. Paint all exposed pipe, conduit, boxes, cabinets, hangers and supports 
and miscellaneous metal.

3. Paint all exposed sheet metal.
4. Paint all insulated surfaces exposed to view, including piping, equipment, 

etc. Size surfaces until a smooth, non grainy surface is obtained.
5. Generally, painting is required on all surfaces such that no exposed bare 

metal or insulation surface is visible.
6. Paint all surfaces above or behind perforated return air grilles or other 

open spaced air outlet devices with flat black paint. 

1.20 SEALING AROUND PIPES, CONDUITS, DUCTS, ETC.: 

A. Seal all spaces between pipes and/or sleeves where they pierce walls, partitions 
or floors with Dow Corning No. 2000 fire resistant caulk. The packing shall  effect 
a complete fire and/or air seal where pipes, conduits, ducts, etc., pierce walls, 
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floors or partitions. 

1.21 ACCESS PANELS: 

A. Wherever mechanical and/or electrical equipment is installed and where future 
access is required through either walls or ceilings and such cannot be obtained 
through the removable ceiling or through other means, provide Milcor Style "M" 
access doors at least 12 inches by 12 inches in size or larger if required for 
access. Provide access doors for all fire dampers, smoke dampers, valves, etc. 

1.22 USE OF SYSTEMS: 

A. New Installations:
1. Do not operate mechanical equipment during construction to provide 

heating or cooling to the space. Make provisions to provide temporary 
heat during the construction process.

2. Under no circumstances shall the air handling equipment be run while 
wall construction is underway in any portion of the building. Take any 
precautions required to prevent the dust from drywall construction from 
contaminating the ductwork or other portions of the air handling system.

3. In order to provide protection to ducts, plenums, etc. install  temporary 
filters over air openings until all finished painting is completed. Protect 
outlets, coils, etc. as necessary in each case.

4. Except for operation of equipment to prove its performance and to adjust 
and balance the systems, that equipment will not be operated for comfort 
of construction workers. 

B. Immediately prior to the time that the systems are to be accepted by the Owner, 
carefully examined each system and if ductwork is dirty, clean by men skilled in 
that type of work.
1. Duct cleaning methods shall be approved by the Engineer. 
2. Replace all filters and put in first class condition. 

1.23 RELOCATION OF EXISTING INSTALLATIONS: 

A. Portions of the existing plumbing system, heating, ventilating and air conditioning 
system will remain in use to serve the finished building in conjunction with the 
indicated new installations. By actual examination at the site, determine those 
portions of the remaining present installations which must be relocated to avoid 
interference with the installations of new work. Relocate existing installations 
which interfere with new installations.
1. Relocate existing plumbing piping where it interferes with the installation 

of new work.
2. Relocate existing piping, ductwork where it interferes with the installation 

of new work. 

1.24 ROUGH-IN AND MAKE FINAL CONNECTION FOR EQUIPMENT: 

A. The shop drawings for all equipment are hereby made a part of these 
specifications. Rough-in for the exact item to be furnished on the job, whether in 
another section of the specifications or by the Owner. Refer to all drawings and 
other sections of the specifications for the scope of work involved for the new 
equipment, and by actual site examination determine the scope of the required 
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equipment connections for the Owner furnished equipment. 

B. Should any of the equipment furnished require connections of a nature different 
from that shown on the drawings, report the matter to the Engineer and finally 
connect as directed by the Engineer. 

1.25 OPERATING INSTRUCTIONS: 

A. In cooperation with the representatives of the manufacturers of the various 
equipment items, carefully instruct the Owner's representatives in the proper 
operation of each item of equipment and of each system during the balancing 
and adjusting of systems. 

1.26 OPERATING MANUALS: 

A. Prepare and submit 3 copies of the operating manuals bound in hard covers. 

B. Include the following data:
1. Catalogue data of all equipment.
2. Shop drawings of all equipment.
3. Temperature control drawings (reduced in size)
4. Start-up instructions for major equipment.
5. Trouble shooting procedures for major equipment.
6. Wiring diagrams.
7. Recommended maintenance schedule for equipment.
8. Parts list for all items.
9. Name and address of each vendor. 

1.27 GUARANTEE: 

A. Unless a longer guarantee is hereinafter called for, all work, material and 
equipment items shall be guaranteed for a period of one year after acceptance 
by the Owner. All defects in labor and materials occurring during this period shall 
be repaired and/or replaced. Guarantee shall be in writing and in triplicate. 

1.28 COMPLETION REQUIREMENTS: 

A. Before acceptance and final, furnish:
1. Accurate record drawings, shown in red ink on blue line prints furnished 

for that purpose all changes from the original plans made during 
installation of the work.

2. All manufacturers' guarantees.
3. All operating manuals.
4. Test and Balance Report. 

END OF SECTION
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SECTION 15060
HANGERS AND SUPPORTS

PART 1  GENERAL 

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this 
section.

1.2 SUMMARY 

A. Section includes pipe and equipment supports, hangers, anchors, bases sleeves 
and the sealing of work to adjacent construction. 

B. Related Sections:
1. Division 3 - Concrete Forms and Accessories: Execution requirements for 

placement of inserts and sleeves in concrete forms specified by this 
section.

2. Division 3 - Cast-in-Place Concrete: Execution requirements for 
placement of concrete housekeeping pads specified by this section. 

1.3 REFERENCES 

A. ASTM F708 - Design and Installation of Rigid Pipe Hangers. 

B. MSS SP58 (Manufacturers Standardization Society of the Valve and Fittings 
Industry) - Pipe Hangers and Supports - Materials, Design and Manufacturer. 

C. MSS SP69 (Manufacturers Standardization Society of the Valve and Fittings 
Industry) - Pipe Hangers and Supports - Selection and Application. 

D. MSS SP89 (Manufacturers Standardization Society of the Valve and Fittings 
Industry) - Pipe Hangers and Supports - Fabrication and Installation Practices. 

E. NFPA 13 (National Fire Protection Association) - Installation of Sprinkler 
Systems. 

1.4 SUBMITTALS 

A. Section 15000 - Submittal Procedures. 

B. Product Data: Submit manufacturers catalog data including load capacity. 

C. Design Data: Indicate load carrying capacity of trapeze, multiple pipe, and riser 
support hangers. 

D. Manufacturer's Installation Instructions: Submit special procedures and assembly 
of components. 



15060-2

1.5 QUALITY ASSURANCE 

A. Perform Work in accordance with code for piping support and in conformance 
with NFPA 13 for support of sprinkler piping. 

1.6 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this 
section. 

B. Installer: Company specializing in performing Work of  this section. 

1.7 FIELD MEASUREMENTS 

A. Verify field measurements prior to fabrication. 

PART 2  PRODUCTS 

2.1 PIPE HANGERS AND SUPPORTS 

A. Manufacturers: 
1. Carpenter & Paterson Inc.
2. Creative Systems Inc.
3. Flex-Weld, Inc.
4. Glope Pipe Hanger Products Inc.
5. Michigan Hanger Co.
6. Superior Valve Co.
7. Hilti.
8. Grinnell. 

B. Fire Protection Piping:
1. Conform to NFPA 13.
2. Hangers for Pipe Sizes ½ to 1-1/2 inch: Carbon steel, adjustable swivel, 

split ring.
3. Hangers for Pipe Sizes 2 inches and over: Carbon steel, adjustable, 

clevis.
4. Multiple or Trapeze Hangers: Steel channels with welded spacers and 

hanger rods.
5. Wall Support: Welded steel bracket.
6. Vertical Support: Steel riser clamp.
7. Floor Support: Cast iron adjustable pipe saddle, lock nut, nipple, floor 

flange, and concrete pier or steel support. 

C. Plumbing Piping - DWV:
1. Conform to MSS SP69.
2. Hangers for Pipe Sizes ½ to 1-1/2 inch: Carbon steel, adjustable swivel, 

split ring.
3. Hangers for Pipe Sizes 2 inches and Over: Carbon steel, adjustable, 

clevis.
4. Multiple or Trapeze Hangers: Steel channels with welded spacers and 

hanger rods.
5. Wall Support: Welded steel bracket.
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6. Vertical Support: Steel riser clamp.
7. Floor Support: Cast iron adjustable pipe saddle, lock nut, nipple, floor 

flange, and concrete pier or steel support.
8. Copper Pipe Support: Copper-plated, carbon-steel adjustable, ring. 

D. Plumbing Piping - Water:
1. Conform to MSS SP69.
2. Hangers for Pipe Sizes ½ to 1-1/2 inch: Carbon steel, adjustable swivel, 

split ring.
3. Hangers for Cold Pipe Sizes 2 inches and Over: Carbon steel, adjustable, 

clevis.
4. Hangers for Hot Pipe Sizes 2 to 3 inches: Carbon steel, adjustable, 

clevis.
5. Multiple or Trapeze Hangers: Steel channels with welded spacers, 

hanger rods, and tubing clamps.
6. Wall Support: Welded steel bracket.
7. Vertical Support: Steel riser clamp.
8. Copper Pipe Support: Copper-plated, Carbon-steel ring. 

E. Hydronic Piping:
1. Conform to MSS SP69.
2. Hangers for Pipe Sizes 3/4 to 1-1/2 inch: Carbon steel, adjustable swivel, 

split ring.
3. Hangers for Hot and Cold Pipe Sizes 2 inches and Over: Carbon steel, 

adjustable, clevis.
4. Multiple or Trapeze Hangers: Steel channels with welded spacers, 

hanger rods, and tubing clamps.
5. Wall Support: Welded steel bracket.
6. Vertical Support: Steel riser clamp.
7. Copper Pipe Support: Copper-plated, carbon steel ring. 

2.2 ACCESSORIES 

A. Hanger Rods: Mild steel threaded both ends, threaded on one end, or 
continuous threaded. ASTM F593.

2.3 ANCHORS 

A. Expansion anchors are flush or shell type meeting Federal Specification FF-S-
325, Group VIII Type 1, for expansion shield anchors. 

B. ASTM B633, zinc plated. 

C. Hilti HDI; HDI-L. 

2.4 FLASHING 

A. Metal Flashing: 26 gage thick galvanized steel. 

B. Metal Counterflashing: 22 gage thick galvanized steel. 

C. Lead Flashing:



15060-4

1. Waterproofing: 5 lb./sq. ft sheet lead
2. Soundproofing: 1 lb./sq. ft sheet lead. 

D. Caps: Steel, 22 gage minimum; 16 gage at fire resistant elements. 

2.5 ROUND DUCT AND PIPE ROOF PENETRATION

A. Manufacturers: 
1. ChemLink ChemCurb System

B. Product:
1. ChemCurb: exterior rings, straights, and corners constructed of  gray 

polyester resin.
2. M-1: mastic for bonding ChemCurb to roof.
3. 1-Part: pourable 100% rubber sealer resistant to deterioration, melting, 

and shrinking.

2.6 DUCT HANGERS

A. Support ductwork in finished areas with strap hangers in accordance with 
SMACNA.

2.7 SLEEVES 

A. Sleeves for Pipes Through Non-fire Rated Floors: 18 gage thick galvanized 
steel. 

B. Sleeves for Pipes Through Non-fire Rated Beams, Walls, Footings, and 
Potentially Wet Floors: Steel pipe. 

C. Sleeves for Pipes Through Fire Rated and Fire Resistive Floors and Walls, and 
Fire Proofing: Prefabricated fire rated sleeves including seals, UL listed. 

D. Sleeves for Round Ductwork: Galvanized steel. 

E. Sleeves for Rectangular Ductwork: Galvanized steel. 

F. Fire-stopping Insulation: Glass fiber type, non-combustible. 

G. Sealant: Acrylic Intumescent. 

PART 3  EXECUTION 

3.1 ANCHORS 

A. Install in holes drilled by carbide tipped bits. 

B. Install in accordance with manufacturer’s recommendations. 

3.2 PIPE HANGERS AND SUPPORTS 

A. Support horizontal piping as scheduled. 
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B. Install hangers to provide minimum ½ inch space between finished covering and 
adjacent work. 

C. Place hangers within 12 inches of each horizontal elbow. 

D. Use hangers with 1-1/2 inch minimum vertical adjustment. 

E. Support vertical piping at every floor. 

F. Where several pipes can be installed in parallel and at same elevation, provide 
multiple or trapeze hangers. 

G. Support riser piping independently of connected horizontal piping. 

H. Provide copper plated hangers and supports for copper piping. 

I. Design hangers for pipe movement without disengagement of supported pipe. 

3.3 FLASHING 

A. Provide flexible flashing and metal Counterflashing where piping and ductwork 
penetrate weather or waterproofed walls, floors, and roofs. 

B. Flash vent and soil pipes projecting 3 inches minimum above finished roof 
surface with lead worked 1 inch minimum into hub, 8 inches minimum clear on 
sides with 24 x 24 inches sheet size. For pipes through outside walls, turn 
flanges back into wall and caulk, metal counter-flash, and seal. 

C. Flash floor drains in floors with topping over finished areas with lead, 10 inches 
clear on sides with minimum 36 x 36 inch sheet size. Fasten flashing to drain 
clamp device. 

D. Seal floor, shower, and mop sink drains watertight to adjacent materials. 

E. Provide curbs for mechanical roof installations 12 inches minimum high above 
roofing surface. Flash and counter-flash with sheet metal; seal watertight. Attach 
Counterflashing mechanical equipment and lap base flashing on roof curbs. 
Flatten and solder joints. 

3.4 SLEEVES 

A. Set sleeves in position in forms. Provide reinforcing around sleeves. 

B. Size sleeves large enough to allow for movement due to expansion and 
contraction. Provide for continuous insulation wrapping. 

C. Extend sleeves through floors 1 inch above finished floor level. Caulk sleeves. 

D. Where piping or ductwork penetrates floor, ceiling, or wall, close off space 
between pipe or duct and adjacent work with fire stopping insulation and caulk 
airtight. Provide close fitting metal collar or escutcheon covers at both sides of 
penetration. 
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E. Install chrome plated steel escutcheons at finished surfaces. 

3.5 SCHEDULES

A.  Steel and Copper Pipe Hanger Spacing

PIPE SIZE MAX. HANGER SPACING ROD DIAMETER 
Inches Feet Inches 
½ to 1-1/4 6.0 1/4
1-1/2 to 2 10 3/8

 2-1/2 to 3 10 1/2 

END OF SECTION
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SECTION 15075
MECHANICAL IDENTIFICATION

PART 1 GENERAL 

1.1 SUMMARY 

A. Section includes nameplates, tags, stencils and pipe markers. 

B. Related Sections:
1. Division 9 - Paints and Coatings: Execution requirements for painting 

specified by this section. 

1.2 SUBMITTALS 

A. Section 15000 - Submittal Procedures. 

B. Product Data: Provide manufacturers catalog literature for each product 
required. 

C. Manufacturer's Installation Instructions: Indicate installation instructions, special 
procedures, and installation. 

1.3 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Record actual locations of tagged valves; include 
valve tag numbers.

1.4 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this 
section with minimum three years experience. 

PART 2 PRODUCTS 

2.1 NAMEPLATES

A. Manufacturers: 
1. Craftmark Identification Systems.
2. Safety Sign Co.
3. Seton Identification Products.
4. Marking Services Inc.

B. Product Description: Laminated three-layer plastic with engraved white letters on 
black background. Minimum 1-1/2” x 4” size with 16 point Helvetica font. 

2.2 TAGS 

A. Metal Tags:
1. Manufacturers:

a) Seton Identification Products.
b) Marking Services Inc.
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2. Brass with stamped letters; tag size minimum 1-1/2 inches with smooth 
edges. 

B. Information Tags:
1. Manufacturers:

a) Seton Identification Products.
b) Marking Services Inc.

2. Clear plastic with printed "Danger," "Caution," or "Warning" and  
message; size 3-1/4 x 5-5/8 inches with grommet and self-locking nylon 
ties. 

C. Tag Chart: Typewritten letter size list of applied tags and location in anodized 
aluminum frame. 

2.3 STENCILS 

A. Stencils: With clean cut symbols and letters of following size:
1. Up to 2 inches Outside Diameter of Insulation or Pipe: ½ inch high letters.
2. 2-1/2 to 6 inches Outside Diameter of Insulation or Pipe: 1-inch high 

letters.
3. Ductwork and Equipment: 1-3/4 inches high letters. 

B. Stencil Paint: Semi-gloss enamel, colors and lettering size conforming to ASME 
A13.1. 

2.4 PIPE MARKERS 

A. Color and Lettering: Conform to ASME A13.1. 

B. Plastic Pipe Markers:
1. Manufacturers:

a) Seton Setmark.
b) Craftmark Identification Systems.
c) Marking Services Inc.

2. Factory fabricated, flexible, semi-rigid plastic, preformed to fit around pipe 
or pipe covering. Larger sizes may have maximum sheet size with spring 
fastener. 

C. Plastic Underground Pipe Markers:
1. Bright colored continuously printed plastic ribbon tape, minimum 6 inches 

wide by 4 mil thick, manufactured for direct burial  service, with continuous 
aluminum strip for electronic tracing. 

2.5 TRACER WIRE

A. Product:
1. Provide and install 16 gauge bare copper tracer wire along the entire 

length of buried piping beyond the building exterior wall.
2. Wire to be one piece - no splices
3. Install 12 inches above piping.
4. bring each end of wire up to grade.
5. Termination:
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a) Sewer lines: terminate at building wall, clamp to minimum 6 foot 
3/4 inch rebar set in ground adjacent to pipe entry into building. 
Rebar to be exposed 2 inches above ground.

2.6 PIPE IDENTIFICATION COLORS:

A. Exposed insulated piping identified by color coding along entire exposed length 
with colored pvc jacket. Refer to Section 15080. 

B. Exposed non-insulated piping identified by color painting along entire exposed 
length. Painting by Division 9.
1. Gas: black with white stenciled letters.
2. Fire Protection: red with white stenciled letters.

PART 3 EXECUTION 

3.1 PREPARATION 

A. Degrease and clean surfaces to receive adhesive for identification materials. 

B. Prepare surfaces in accordance with Division 9 for stencil painting. 

3.2 INSTALLATION 

A. Apply stencil painting in accordance with Division 9. 

B. Install identifying devices after completion of coverings and painting. 

C. Install plastic nameplates with corrosive-resistant mechanical fasteners, or  
adhesive. 

D. Install labels with sufficient adhesive to ensure permanent adhesion and seal 
with clear lacquer. For unfinished canvas covering, apply paint primer before 
applying labels. 

E. Install tags using corrosion resistant chain. Number tags consecutively by 
location. 

F. Install underground plastic pipe markers 6 to 8 inches below finished grade, 
directly above buried pipe. 

G. Identify piping, concealed or exposed, with plastic pipe markers or plastic tape 
pipe markers. 
1. Identify service, flow direction, and pressure. 
2. Install in clear view and align with axis of piping. 
3. Locate identification not to exceed 20 feet on straight runs including 

risers and drops. 
4. Locate identification adjacent to each valve and tee, at each side of 

penetration of structure or enclosure, and at each obstruction. 

H. Identify valves in main and branch piping with tags. 
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I. Identify ductwork with plastic nameplates. Identify with air handling unit 
identification number and area served. Locate identification at air handling unit, 
at each side of penetration of structure or  enclosure, and at each obstruction. 

J. Identify fire dampers and with stenciled painting. 

K. Identify duct mounted control dampers with plastic nameplates. Indicate damper 
service. 

L. Equipment Identification: Use plastic nameplates to identify all equipment, 
including but not limited to:
1. New and Existing Fan Coil Units
2. Blower Coil Units
3. Energy Recovery Ventilators
4. New and Existing HVAC Pumps
5. Plumbing Pumps
6. Unit Heaters

M. Identify control panels and major control components outside panels with plastic 
nameplates. 

3.3 IDENTIFICATION PAINTING OF MECHANICAL INSTALLATIONS 

A. Paint natural gas piping exposed in mechanical spaces. Paint piping along the 
entire exposed length. Color shall be safety yellow. Include lettered legend with 
stenciled painting in black. 

B. Paint fire protection piping exposed in any space. Paint piping along the entire 
exposed length. Color shall be safety red. Include lettered legend with stenciled 
painting in white. 

END OF SECTION
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SECTION 15080
MECHANICAL INSULATION 

PART 1  GENERAL 

1.1 SUMMARY 

A. Section includes 
1. Ductwork insulation
2. Duct liner
3. Thermal insulation for piping systems 
4. Vapor retarders, jackets and accessories.  

B. Related Sections:
1. Division 9 – Paints and Coatings: Execution requirements for painting 

insulation jackets and covering specified by this section.
2. Section 15060 – Hangers and Supports: Execution requirements for 

inserts for placement by this section. 

1.2 REFERENCES 

A. ASTM C518 - Standard Test Method for Steady-State Heat Flux Measurements 
and Thermal Transmission Properties by Means of the Heat Flow Meter 
Apparatus. 

B. ASTM C534 - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form. 

C. ASTM C547 - Standard Specification for Mineral Fiber Preformed Pipe 
Insulation. 

D. ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation. 

E. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal 
Insulation for Commercial and Industrial Applications. 

F. ASTM C591 - Standard Specification for Unfaced Preformed Rigid  Cellular 
Polyurethane Thermal Insulation. 

G. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and 
Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type). 

H. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal 
Insulation. 

I. ASTM C1071 - Standard Specification for Thermal and Acoustical Insulation 
(Glass Fiber, Duct Lining Material). 

J. ASTM C1126- Standard Specification for Preformed Closed Cell Phenolic Foam 
Pipe and Board Insulation. 

K. ASTM C1136 – Standard Specification for Flexible, Low Permeance Vapor 
Retarders for Thermal Insulation. 
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L. ASTM D1784 - Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) 
Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds. 

M. ASTM E84 - Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

N. ASTM E96 - Standard Test Methods for Water Vapor Transmission of  Materials. 

O. ASTM E162 - Standard Test Method for Surface Flammability of Materials Using 
a Radiant Heat Energy Source. 

P. ASTM G21 - Standard Practice for Determining Resistance of Synthetic 
Polymeric Materials to Fungi. 

Q. NAIMA (North American Insulation Manufacturers Association) - National 
Insulation Standards. 

R. SMACNA (Sheet Metal and Air Conditioning Contractors’ National Association) - 
HVAC Duct Construction Standards - Metal and Flexible. 

1.3 SUBMITTALS 

A. Section 15000 - Submittal Procedures. 

B. Product Data: Provide product description, thermal characteristics and list of 
materials and thickness for each service, and locations. 

C. Manufacturer's Installation Instructions: Indicate installation procedures that 
ensure acceptable workmanship and installation standards will be achieved. 

1.4 QUALIFICATIONS 

A. Manufacturer: Company specializing in manufacturing products specified in this 
section with minimum five years experience. 

B. Applicator: Company specializing in performing Work of  this section with 
minimum five years documented experience. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Accept materials on site in original factory packaging, labeled with 
manufacturer's identification, including product  density and thickness. 

B. Protect insulation from weather and construction traffic, dirt, water, chemical, and 
mechanical damage, by storing in original wrapping. 

1.6 ENVIRONMENTAL REQUIREMENTS 

A. Do not install insulation outside ambient conditions required by manufacturer of 
each product. 

B. Maintain temperature during and after installation for minimum period of 24 
hours. 
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C. Apply insulation to chilled water piping at room temperature. Do not  apply to 
cold, wet piping. Vapor seal before allowing chilled water in piping system 

1.7 FIELD MEASUREMENTS 

A. Verify field measurements prior to fabrication. 

PART 2  PRODUCTS 

2.1 GLASS FIBER, FLEXIBLE 

A. Manufacturer: 
1. Knauf Duct Wrap
2. Johns-Manville Microlite
3. Owens-Corning 

B. Insulation: ASTM C553; flexible, noncombustible blanket.
1. ‘K’ value: ASTM C518, 0.27 at 75 degrees F.
2. Density: 1.0 pcf
3. Maximum service temperature: 250 degrees F.
4. Maximum moisture absorption: 0.20 percent by volume. 

C. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture vapor transmission: ASTM E96; 0.02 perm.
3. Secure with pressure sensitive tape. 

D. Vapor Barrier Tape:
1. Manufacturers:

a) Compac Model FSK.
b) Ideal Model FSK.

2. Kraft paper reinforced with glass fiber yarn and bonded to aluminized 
film, with pressure sensitive rubber based adhesive.

3. Tape shall be minimum 3" wide. 

E. Outdoor Vapor Barrier Mastic:
1. Manufacturers:

a) Childers Model CP-10.
b) Fosters Model 36-10.
c) Marathon Model 650.

2. Vinyl emulsion type acrylic or mastic, compatible with insulation, black 
color. 

F. Tie Wire: Annealed steel, 16 gage. 

2.2 GLASS FIBER DUCT LINER, FLEXIBLE 

A. Manufacturer: 
1. Knauf Duct Liner
2. Johns-Manville Permacote Linacoustic
3. Owens-Corning 
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B. Insulation: ASTM C1071; flexible, noncombustible blanket with acrylic polymer 
meeting ASTM G21 impregnated surface and edge coat.
1. ‘K’ Value: ASTM C1071, maximum 0.25 at 75 degrees F.
2. Maximum Service Temperature: 250 degrees F.
3. Maximum Velocity on Coated Air Side: 5,000 fpm.
4. Minimum Noise Reduction Criteria: 0.70 for 1 inch thickness. 

C. Adhesive:
1. Manufacturers:

a) Childers Model CP-89.
b) Fosters Model 85-23.
c) Marathon Model 224.

2. Waterproof, ASTM E162 fire-retardant type. 

D. Liner Fasteners: Galvanized steel, impact applied with integral head. 

2.3 GLASS FIBER PIPE INSULATION 

A. Manufacturers:
1. Knauf
2. Johns-Manville
3. Owens-Corning 

B. Insulation: ASTM C547; rigid molded, noncombustible.
1. ‘K’ value: ASTM C177, 0.24 at 75 degrees F.
2. Maximum service temperature: 850 degrees F.
3. Maximum moisture absorption: 0.2 percent by volume. 

C. Vapor Barrier Jacket:
1. ASTM C921, White kraft paper with glass fiber yarn, bonded to 

aluminized film.
2. Moisture vapor transmission: ASTM E96; 0.02 perm-inches. 

D. Vapor Barrier Lap Adhesive:
1. Manufacturers:

a) Childers CP-82
b) Fosters 85-20

2. Compatible with insulation. 

E. Insulating Cement/Mastic:
1. ASTM C195; hydraulic setting on mineral wool. 

2.4 JACKETS 

A. PVC Plastic.
1. Manufacturers:

a) Zeston
b) Knauf
c) Ceelco

2. Jacket: ASTM D1784, One piece molded type fitting covers and sheet 
material, off-white color.

3. Minimum service temperature: 0 degrees F.
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4. Maximum service temperature: 150 degrees F.
5. Moisture vapor transmission: ASTM E96; 0.002 perm-inches.
6. Thickness: 15 mil.
7. Connections: Brush on welding adhesive.
8. Covering Adhesive Mastic:

a) Compatible with insulation. 

2.5 CERAMIC FIBER INSULATION - KITCHEN HOOD EXHAUST DUCTWORK

A. Manufacturers:
1. Unifrax

B. Insulation: ASTM E2336; internal fire test and ASTM E119; engulfment test.
1. ‘R’ value: 7.2.
2. A lightweight, nominal 1.5” thick, 6 PCF, inorganic, non-asbestos, 

noncombustible, bio-soluble, high temperature, core insulation blanket.
3. Flexible, fully encapsulated duct wrap to provide 2-hour fire resistive 

enclosure assembly.
4. Maximum operating temperature: 2012 degrees F.

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that piping, equipment and ductwork has been tested before applying 
insulation materials. 

B. Verify that surfaces are clean and dry, with foreign material removed. 

3.2 INSTALLATION – PIPING 

A. Install in accordance with NAIMA National Insulation Standards. 

B. Exposed Piping: Locate insulation and cover seams in least visible locations. 

C. Insulated pipes conveying fluids below ambient temperature: 
1. Insulate entire system including fittings, valves, unions, flanges, strainers, 

flexible connections and expansion joints. 

D. Glass fiber insulated pipes conveying fluids below ambient temperature:
1. Provide vapor barrier jackets, factory-applied or field-applied. Secure with 

self-sealing longitudinal laps and butt strips with pressure sensitive 
adhesive. Secure with outward clinch expanding staples and vapor 
barrier mastic.

2. Insulate fittings, joints, and valves with molded insulation of like material 
and thickness as adjacent pipe. 

3. Install PVC fitting covers and vapor barrier adhesive. 

E. Glass fiber insulated pipes conveying fluids above ambient temperature:
1. Provide standard jackets, without vapor. Secure with self-sealing 

longitudinal laps and butt strips with pressure sensitive adhesive. Secure 
with outward clinch expanding staples.
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2. Insulate fittings, joints, and valves with insulation of like material and 
thickness as adjoining pipe. 

3. Install PVC fitting covers.
4. For hot piping conveying fluids 140 degrees F or less, do not insulate 

flanges and unions at equipment, but bevel and seal ends of insulation.

F. Inserts and Shields:
1. Application: Piping 1-1/2 inches diameter or larger.
2. Shields: Galvanized steel between pipe hangers or pipe hanger rolls and 

inserts.
3. Insert location: Between support shield and piping and under the finish 

jacket.
4. Insert configuration: Minimum 6 inches long, of same thickness and 

contour as adjoining insulation; may be factory fabricated.
5. Insert material: Hydrous calcium silicate insulation or other heavy density 

insulating material suitable for the planned temperature range.
a) Hamfab 20 lb. density H-blocks 

G. Continue insulation through walls, sleeves, pipe hangers, and other pipe 
penetrations. Finish at supports, protrusions, and interruptions. At fire 
separations, refer to Fire Stopping Specifications. 

H. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces;
1. Finish with colored PVC jacket and preformed fitting covers. 

3.3 INSTALLATION - DUCTWORK 

A. Insulated ductwork conveying air below ambient temperature:
1. Provide insulation with vapor retarder jackets.
2. Finish with tape and vapor retarder jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct 

penetrations.
4. Insulate entire system including fittings, joints, flanges, fire dampers, 

flexible connections, and expansion joints. 

B. Insulated ductwork conveying air above ambient temperature:
1. Provide with or without standard vapor retarder jacket.
2. Insulate fittings and joints. Where service access is required, bevel and 

seal ends of insulation. 

C. External Duct Insulation Application:
1. Secure insulation with vapor retarder with wires and seal jacket joints with 

vapor retarder adhesive or tape to match jacket.
2. Secure insulation without vapor retarder with staples, tape, or wires.
3. Install without sag on underside of ductwork. Use adhesive or mechanical 

fasteners where necessary to prevent sagging. Lift ductwork off trapeze 
hangers and insert spacers.

4. Seal vapor retarder penetrations by mechanical fasteners with vapor 
retarder adhesive.

5. Stop and point insulation around access doors and damper operators to 
allow operation without disturbing wrapping. 
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D. Duct and Plenum Liner Application:
1. Adhere insulation with adhesive for 100 percent coverage.
2. Secure insulation with mechanical liner fasteners. SMACNA Standards 

for spacing.
3. Seal and smooth joints. Seal and coat transverse joints.
4. Seal liner surface penetrations with adhesive.
5. Duct dimensions indicated are net inside dimensions required for airflow. 

Increase duct size to allow for insulation thickness.

3.4 SCHEDULES 

A. Ductwork and Air Handling Systems:
1. Outside Air Intake Ducts - Wrapped:

a) Glass Fiber, flexible - 2 inches thick
b) Vapor seal all joint and penetrations.

2. Rectangular Supply Ducts - Lined:
a) Glass Fiber Duct Liner, flexible - 1-1/2 inches thick to achieve R-6

3. Round Supply Ducts- Wrapped:
a) Glass Fiber, flexible - 2 inches thick
b) Vapor seal all joint and penetrations.

4. Return Ducts - Lined:
a) Glass Fiber Duct Liner, flexible - 1-1/2 inches thick to achieve R-6

5. Exhaust Air Ducts (From Grilles to ERV-1) - Wrapped:
a) Glass Fiber, flexible - 2 inches thick
b) Vapor seal all joint and penetrations.

B. Plumbing Systems:
1. Domestic Hot Water Supply - 140 deg F and lower:

a) Glass Fiber Insulation:
b) Pipe Size Range: 1-1/2 inches and less.

1) Thickness: 1 inch
c) Pipe Size Range: 2 inches and larger

1) Thickness: 1-1/2 inches
2. Domestic Hot Water Recirculation - 140 deg F and lower:

a) Glass Fiber Insulation:
b) Pipe Size Range: 1-1/2 inches and less.

1) Thickness: 1 inch
3. Domestic Cold Water:

a) Glass Fiber Insulation:
b) Pipe Size Range: All sizes.

1) Thickness: 1/2 inch
4. Thickness: 1/2 inch. Roof Drain Bodies:

a) Glass Fiber Insulation:
b) Pipe Size Range: All sizes.

1) Thickness: 1 inch.
5. Roof Drainage Run Horizontal at Roof Level:

a) Glass Fiber Insulation:
b) Pipe Size Range: All sizes.

1) Thickness: 1 inch. 

C. Heating Systems:
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1. Heating Water Supply and Return:
a) Glass Fiber Insulation:
b) Pipe Size Range: 1-1/2 inches and smaller - thickness: 1-1/2 

inches.
c) Pipe Size Range: 2 inches and larger - thickness: 2 inches.

D. Cooling Systems:
1. Chilled Water:

a) Glass Fiber Insulation:
b) Pipe Size Range:1-1/2 inches and smaller - thickness: 1-1/2 

inches.
c) Pipe Size Range: 2 inches and larger - thickness: 2 inches.

2. Cold Condensate Drains:
a) Glass Fiber Insulation:
b) Pipe Size Range: All sizes - thickness: 1/2 inch.

E. PVC Jacket Color schedule (Field verify and match existing colors):
1. Chilled Water – Purple
2. Heating Water – Light Green
3. Domestic Cold Water – Dark Blue
4. Domestic Hot Water – Dark Green

END OF SECTION
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SECTION 15310
FIRE PROTECTION PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Pipe, fittings, valves, and connections for sprinkler systems.

1.2 RELATED SECTIONS

A. Division 9 - Painting:  Preparation and painting of fire protection piping systems.

B. Section 15075 - Mechanical Identification:  Piping identification.

C. Section 15325 - Sprinkler Systems:  Sprinkler systems design.

1.3 REFERENCES

A. ASME B16.1 - Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250, 
and 800.

B. ASME B16.3 - Malleable Iron Threaded Fittings, Class 150 and 300.

C. ASME B16.4 - Cast Iron Threaded Fittings, Class 125 and 250.

D. ASME B16.5 - Pipe Flanges and Flanged Fittings.

E. ASME B16.9 - Factory-made Wrought Steel Buttwelding Fittings.

F. ASME B16.11 - Forged Steel Fittings, Socket-welding and Threaded.

G. ASME B16.25 - Buttwelding Ends.

H. ASME B36.10 - Welded and Seamless Wrought Steel Pipe.

I. ASTM A47 - Malleable Iron Castings.

J. ASTM A53 - Pipe, Steel, Black and Hot-Dipped, Zinc-coated Welded and 
Seamless.

K. ASTM A234 - Piping Fittings of Wrought Carbon Steel and Alloy Steel for 
Moderate and Elevated Temperatures.

L. ASTM A795 - Black and Hot-Dipped Zinc-Coated (Galvanized) Welded and 
Seamless Steel Pipe for Fire Protection Use.

M. NFPA 13 - Installation of Sprinkler Systems.

N. UL - Fire Resistance Directory.

O. UL 262 - Gate Valves for Fire-Protection Service.

P. UL 312 - Check Valves for Fire-Protection Service.
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Q. UL 405 - Fire Department Connections.

1.4 SUBMITTALS FOR REVIEW

A. Section 15000:  Procedures for submittals.

B. Product Data:  Provide manufacturers catalogue information. Indicate valve data 
and ratings.

C. Shop Drawings: Indicate pipe materials used, jointing methods, supports, floor 
and wall penetration seals. Indicate installation, layout, weights, mounting and 
support details, and piping connections.

1.5 SUBMITTALS AT PROJECT CLOSEOUT

A. Project Record Documents:  Record actual locations of components and tag 
numbering.

B. Operation and Maintenance Data: Include installation instructions and spare 
parts lists.

1.6 QUALITY ASSURANCE

A. Installer Qualifications:  Company specializing in performing the work of this 
section five years experience.

1.7 REGULATORY REQUIREMENTS

A. Conform to UL and FM.

B. Sprinkler Systems:  Conform work to NFPA 13.

C. Welding Materials and Procedures:  Conform to ASME Code and AWS D10.9.

D. Valves:  Bear UL and FM label or marking. Provide manufacturer's name and 
pressure rating marked on valve body.

E. Products Requiring Electrical Connection:  Listed and classified as suitable for 
the purpose specified and indicated.

1.8 DELIVERY, STORAGE, AND PROTECTION

A. Deliver and store valves in shipping containers, with labeling in place.

B. Provide temporary protective coating on cast iron and steel valves.

C. Provide temporary end caps and closures on piping and fittings. Maintain in 
place until installation.
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PART 2 PRODUCTS

2.1 ABOVE GROUND PIPING

A. Steel Pipe: ASTM A135 UL listed, threadable, light wall; Schedule 10 black for 
pipe sizes 2-1/2 inches and larger.
1. Steel Fittings:  ASME B16.9, wrought steel, buttwelded; ASME B16.25, 

buttweld ends; ASTM A234, wrought carbon steel and alloy steel; ASME 
B16.5, steel flanges and fittings; ASME B16.11, forged steel socket 
welded and threaded.

2. Cast Iron Fittings:  ASME B16.1, flanges and flanged fittings; ASME 
B16.4, threaded fittings.

3. Malleable Iron Fittings:  ASME B16.3, threaded fittings ASTM A47.
4. Mechanical Grooved Couplings:  Malleable iron housing clamps to 

engage and lock, "C" shaped elastomeric sealing gasket, steel bolts, 
nuts, and washers; galvanized for galvanized pipe.

5. Mechanical Formed Fittings:  Carbon steel housing with integral pipe stop 
and O-ring pocked and O-ring,  uniformly compressed into permanent 
mechanical engagement onto pipe.

2.2 DOUBLE CHECK ASSEMBLY BACKFLOW PREVENTER

A. Manufacturer: Ames, Watts

B. Double Check Valve Assemblies:  
1. ANSI/ASSE 1015 for vertical applications
2. 300 series stainless steel body with corrosion resistant internal parts, 

rubber faced disk, and stainless steel springs and cam arms; 
3. Two independently operating spring loaded cam-check valves with 

intermediate atmospheric vent and test cocks.
4. Wedge type resilient seated isolation valves

2.3 PIPE HANGERS AND SUPPORTS

A. Refer to Section 15060.

2.4 GATE VALVES

A. Up to and including 2 inches:
1. Bronze body, bronze trim, rising stem, handwheel, solid wedge or disc, 

threaded ends.

B. Over 2 inches:
1. Iron body, bronze trim, rising stem pre-grooved for mounting tamper 

switch, handwheel, OS&Y, solid bronze or cast iron wedge, flanged ends.

C. Over 4 inches:
1. Iron body, bronze trim, non-rising stem with bolted bonnet, solid bronze 

wedge, flanged ends, iron body indicator post assembly.
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2.5 GLOBE OR ANGLE VALVES

A. Up to and including 2 inches:
1. Bronze body, bronze trim, rising stem and handwheel, inside screw, 

renewable rubber disc, threaded ends, with backseating capacity.

B. Over 2 inches:
1. Iron body, bronze trim, rising stem, handwheel, OS&Y, plug-type disc, 

flanged ends, renewable seat and disc.

2.6 BALL VALVES

A. Up to and including 2 inches:
1. Manufacturers:
2. Bronze two-piece body, brass, chrome plated bronze, or stainless steel 

ball, teflon seats and stuffing box ring, lever handle, threaded ends with 
union.

2.7 BUTTERFLY VALVES

A. Cast or Ductile Iron Body
1. Cast or ductile iron, chrome or nickel plated ductile iron or aluminum 

bronze disc, resilient replaceable EPDM seat, wafer, lug, or grooved 
ends, extended neck, handwheel and gear drive 

2. Integral indicating device 
3. External tamper switch rated 10 Amp at 115 VAC.

2.8 CHECK VALVES

A. Up to and including 2 inches:
1. Bronze body and swing disc, rubber seat, threaded ends.

B. Over 2 inches:
1. Iron body, bronze trim, swing check with rubber disc, renewable disc and 

seat, flanged ends.

C. 4 inches and Over:
1. Iron body, bronze disc, stainless steel spring, resilient seal, threaded, 

wafer, or flanged ends.

2.9 DRAIN VALVES

A. Compression Stop:
1. Bronze with hose thread nipple and cap.

B. Ball Valve:
1. Brass with cap and chain, 3/4 inch hose thread.

PART 3 EXECUTION

3.1 PREPARATION

A. Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.
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B. Remove scale and foreign material, from inside and outside, before assembly.

C. Prepare piping connections to equipment with flanges or unions.

3.2 INSTALLATION

A. Coordinate piping elevations.

B. Install piping in accordance with NFPA 13 for sprinkler systems and NFPA 24 for 
service mains.

C. Route piping in orderly manner, plumb and parallel to building structure.  
Maintain gradient.

D. Install piping to conserve building space, to not interfere with use of space and 
other work.

E. Group piping whenever practical at common elevations.

F. Sleeve pipes passing through partitions, walls, and floors.

G. Install piping to allow for expansion and contraction without stressing pipe, joints, 
or connected equipment.

H. Slope piping and arrange systems to drain at low points.  Use eccentric reducers 
to maintain top of pipe level.

I. Prepare pipe, fittings, supports, and accessories for finish painting.  Where pipe 
support members are welded to structural building framing, scrape, brush clean, 
and apply one coat of zinc rich primer to welding.

J. Do not penetrate building structural members unless indicated.

K. Provide sleeves when penetrating footings floors and walls. Seal pipe and sleeve 
penetrations to achieve fire resistance equivalent to fire separation required.

L. When installing more than one piping system material, ensure system 
components are compatible and joined to ensure the integrity of the system.  
Provide necessary joining fittings.  Ensure flanges,  union, and couplings for 
servicing are consistently provided.

M. Die cut threaded joints with full cut standard taper pipe threads with red lead and 
linseed oil or other non-toxic joint compound applied to male threads only.

N. Install valves with stems upright or horizontal, not inverted. Remove protective 
coatings after installation.

O. Provide gate or butterfly valves for shut-off or isolating service.

P. Provide drain valves at main shut-off valves, low points of piping and apparatus.
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3.3 CLEANING

A. Clean entire system after other construction is complete. 

END OF SECTION
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SECTION 15325
SPRINKLER SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Wet-pipe sprinkler system.

B. System design, installation, and certification.

1.2 RELATED SECTIONS

A. Section 15075 - Mechanical Identification.

B. Section 15310 – Fire Protection Piping

1.3 REFERENCES

A. NFPA 13 - Installation of Sprinkler Systems.

B. NFPA 231 - Standard for General Storage.

C. NFPA 231C - Standard for Rack Storage of Materials.

D. FM - Factory Mutual Approval Guide.

E. NFPA 70 - National Electrical Code.

F. UL - Fire Resistance Directory.

G. UL 199 - Automatic Sprinklers.

1.4 SYSTEM DESCRIPTION

A. System to provide coverage for entire existing building and new addition.

B. Provide system to NFPA 13 light hazard and ordinary hazard, Group 1 
occupancy requirements as noted on the drawings.

C. Determine volume and pressure of incoming water supply from water flow test 
data. 

D. Interface system with building fire and smoke alarm system.

E. Provide fire department connections where indicated or required.

1.5 SUBMITTALS FOR REVIEW

A. Provide submittals in accordance with Section 15000.

B. Product Data:  Provide data on sprinklers, valves, and specialties, including 
manufacturers catalog information. Submit performance ratings, rough-in details, 
weights, support requirements, and piping connections.
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C. Shop Drawings:
1. Submit preliminary layout of finished ceiling areas indicating only sprinkler 

locations coordinated with ceiling installation.
2. Indicate hydraulic calculations, detailed pipe layout, hangers and 

supports, sprinklers, components and accessories. Indicate system 
controls.

D. Submit shop drawings, product data and hydraulic calculations to authority 
having jurisdiction for approval.  Submit proof of approval to Architect/Engineer.

1.6 SUBMITTALS AT PROJECT CLOSEOUT

A. Project Record Documents:  Record actual locations of sprinklers and deviations 
of piping from drawings. Indicate drain and test locations.

B. Manufacturer's Certificate:  Certify that system has been tested and meets or 
exceeds specified requirements and code requirements.

C. Operation and Maintenance Data:  Include components of system, servicing 
requirements, record drawings, inspection data, replacement part numbers and 
availability, and location and numbers of service depot.

D. Warranty:  Submit manufacturer  warranty and ensure forms have been 
completed in Owner's name and registered with manufacturer.

1.7 QUALITY ASSURANCE

A. Perform Work in accordance with NFPA 13.  

B. Manufacturer Qualifications:  Company specializing in manufacturing the 
Products specified in this section with minimum three years experience.

C. Installer Qualifications:  Company specializing in performing the work of this 
section with minimum three years experience.

D. Design system under direct supervision of a Professional Engineer experienced 
in design of this Work and licensed in the State of Texas.

1.8 REGULATORY REQUIREMENTS

A. Conform to UL and FM.

B. Perform Work in accordance with NFPA 13.

C. Equipment and Components:  Bear UL or FM label or marking.

D. Products Requiring Electrical Connection:  Listed and classified by Underwriters 
Laboratories Inc., as suitable for the purpose specified and indicated.

1.9 DELIVERY, STORAGE, AND PROTECTION

A. Store products in shipping containers and maintain in place until installation. 
Provide temporary inlet and outlet caps. Maintain caps in place until installation.
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1.10 EXTRA MATERIALS

A. Provide extra sprinklers under provisions of NFPA 13.

B. Provide suitable wrenches for each sprinkler type.

C. Provide metal storage cabinet located adjacent to alarm valve.

PART 2  PRODUCTS

2.1 SPRINKLERS

A. Suspended Ceiling:
1. Type: Listed quick response concealed pendant type with matching push 

on escutcheon plate.
2. Finish:  Chrome plated. 
3. Escutcheon Plate Finish: White.
4. Fusible Link: Glass bulb type temperature rated for specific area hazard.

B. Exposed Area Type:
1. Type:  Standard upright type.
2. Finish: Chrome plated.
3. Fusible Link: Glass bulb type temperature rated for specific area hazard.

C. Sidewall Type:
1. Type: Listed quick response semi-recessed horizontal sidewall type with 

matching push on escutcheon plate.
2. Finish: Chrome plated.
3. Escutcheon Plate Finish: Chrome plated.
4. Fusible Link: Glass bulb type temperature rated for specific area hazard.

D. Guards: Finish to match sprinkler finish.

2.2 PIPING SPECIALTIES

A. Wet Pipe Sprinkler Alarm Valve:  Check type valve with divided seat ring, rubber 
faced clapper to automatically actuate water motor alarm, with pressure retard 
chamber and variable pressure trim; with test and drain valve.

B. Electric Alarm:  120V, Electrically operated red enameled gong with pressure 
alarm switch.

C. Water Flow Switch:  Vane type switch for mounting horizontal or vertical, with 
two contacts; rated 10 amp at 125 volt AC and 2.5 amp at 24 volt DC.

D. Supervisory Switches:  As manufactured by Potter.

PART 3 EXECUTION

3.1 INSTALLATION

A. Install in accordance with NFPA 13.
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B. Install equipment in accordance with manufacturers instructions.

C. Locate outside alarm gong on building wall as indicated.

D. Place pipe runs to minimize obstruction to other work.

E. Place piping in concealed spaces above finished ceilings.

F. Center sprinklers in one direction only in ceiling tile with location in other direction 
variable, dependent upon spacing and coordination with ceiling elements.

G. Apply masking tape or paper cover to ensure concealed sprinklers, cover plates, 
and sprinkler escutcheons do not receive field paint finish. Remove after 
painting. Replace painted sprinklers.

H. Flush entire piping system of foreign matter.

I. Install guards on sprinklers within 7 feet above floor.

J. Hydrostatically test entire system.

K. Require test be witnessed by Fire Marshall or authority having jurisdiction. 

3.2 INTERFACE WITH OTHER PRODUCTS

A. Ensure required devices are installed and connected as required to fire alarm 
system.

END OF SECTION
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SECTION 15410
PLUMBING PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Pipe, pipe fittings, valves, and connections for piping systems.
1. Sanitary sewer.
2. Domestic water.
3. Natural gas.

1.2 RELATED SECTIONS

A. Section 15060 – Hangers and Supports

B. Section 15075 - Mechanical Identification.

C. Section 15080 – Mechanical Insulation.

1.3 REFERENCES

A. ASME B16.3 - Malleable Iron Threaded Fittings.

B. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings.

C. ASME B16.22 - Wrought Copper and Bronze Solder Joint Pressure Fittings.

D. ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV.

E. ASME B16.26 - Cast Bronze Fittings for Flared Copper Tubes.

F. ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint 
Drainage Fittings - DWV.

G. ASME B16.32 - Cast Copper Alloy Solder Joint Fittings for Sovent Drainage 
Systems.

H. ASME B31.2 - Fuel Gas Piping.

I. ASTM A53 - Pipe, Steel, Black and Hot-Dipped Zinc Coated, Welded and 
Seamless.

J. ASTM A234/A234M - Pipe Fittings of Wrought Carbon Steel  and Alloy Steel for 
Moderate and Elevated Temperatures.

K. ASTM B32 - Solder Metal.

L. ASTM B42 - Seamless Copper Pipe.

M. ASTM B68 - Seamless Copper Tube 

N. ASTM B75 - Seamless Copper Tube 

O. ASTM B88 - Seamless Copper Water Tube 
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P. ASTM B251 - Wrought Seamless Copper and Copper-Alloy Tube

Q. ASTM B302 - Threadless Copper Pipe (TP).

R. ASTM B306 - Copper Drainage Tube (DWV).

S. ASTM C564 - Rubber Gaskets for Cast Iron Soil Pipe and Fittings.

T. ASTM D1785 - Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 
120.

U. ASTM D2466 - Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

V. ASTM D2513 - Thermoplastic Gas Pressure Pipe, Tubing and Fittings.

W. ASTM D2564 - Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic Pipe and 
Fittings.

X. ASTM D2665 - Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, and Vent Pipe 
and Fittings.

Y. ASTM D2729 - Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings.

Z. ASTM D2855 - Making Solvent-Cemented Joints with Poly (Vinyl Chloride) (PVC) 
Pipe and Fittings.

AA. ASTM E814 - Fire Tests of Through-Penetration Fire Stops.

BB. ASTM F708 - Design and Installation of Rigid Pipe Hangers.

CC. AWS A5.8 - Brazing Filler Metal.

DD. AWWA C651 - Disinfecting Water Mains.

EE. MSS SP58 - Pipe Hangers and Supports - Materials, Design and Manufacturer.

FF. UL 1479 - Fire Tests of Through-Penetration Firestops.

1.4 SUBMITTALS FOR REVIEW

A. Provide submittals in accordance with Section 15000.

B. Product Data:  Provide data on pipe materials, pipe fittings, valves, and 
accessories.  Provide manufacturers catalog information.  Indicate valve data 
and ratings.

1.5 SUBMITTALS AT PROJECT CLOSEOUT

A. Project Record Documents:  Record actual locations of valves.

1.6 QUALITY ASSURANCE

A. Perform Work in accordance with International Plumbing Code, International 
Building Code and local amendments.
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B. Valves:  Manufacturer's name and pressure rating marked on valve body.

C. Welding Materials and Procedures:  Conform to ASME SEC IX.

D. Identify pipe with marking including size, ASTM material classification, ASTM 
specification, water pressure rating.

1.7 REGULATORY REQUIREMENTS

A. Perform Work in accordance with International Plumbing Code and local 
amendments.

B. Conform to State code for installation of backflow prevention devices.

C. Provide certificate of compliance from authority having jurisdiction indicating 
approval of installation of backflow prevention devices.

1.8 DELIVERY, STORAGE, AND PROTECTION

A. Accept valves on site in shipping containers with labeling in place.  Inspect for 
damage.

B. Provide temporary protective coating on cast iron and steel valves.

C. Provide temporary end caps and closures on piping and fittings. Maintain in 
place until installation.

D. Protect piping systems from entry of foreign materials by temporary covers, 
completing sections of the work, and isolating parts of completed system.

1.9 ENVIRONMENTAL REQUIREMENTS

A. Do not install underground piping when bedding is wet or frozen.

PART 2 PRODUCTS

2.1 SANITARY SEWER PIPING, BURIED BEYOND 5 FEET OF BUILDING

A. PVC Pipe:  Schedule 40, ASTM D2665 or ASTM D3034.
1. Fittings:  PVC conform to ASTM D2665 and be listed by NSF to Standard 

14.
2. Joints:  ASTM D2855, solvent weld with ASTM D2564 solvent cement.

2.2 SANITARY SEWER PIPING, BURIED WITHIN 5 FEET OF BUILDING

A. PVC Pipe:  Schedule 40, ASTM D2665 or ASTM D3034.
1. Fittings:  PVC, ASTM D3311
2. Joints:  ASTM D2855, solvent weld with ASTM D2564 solvent cement.

2.3 SANITARY SEWER PIPING, ABOVE GRADE

A. PVC Pipe:  Schedule 40, ASTM D2665 or ASTM D3034
1. Fittings:  PVC.
2. Joints:  ASTM D2855, solvent weld with ASTM D2564 solvent cement.
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2.4 WATER PIPING, ABOVE GRADE

A. Copper Tubing:  ASTM B88, Type L, hard drawn.
1. Fittings: ASME B16.22, wrought copper.
2. Joints:  ASTM B32, solder, Grade 95TA.

2.5 CONDENSATE DRAIN PIPING 

A. Copper Tubing:  ASTM B88, Type L, hard drawn.
1. Fittings: ASME B16.22, wrought copper.
2. Joints:  ASTM B32, solder, Grade 95TA.

2.6 NATURAL GAS PIPING, ABOVE GRADE

A. Steel Pipe:  ASTM A53 Schedule 40 black.
1. Fittings:  ASME B16.3, malleable iron, or ASTM A234/A234M, forged 

steel welding type.
2. Joints:  NFPA 54, threaded or welded to ANSI B31.1

2.7 FLANGES, UNIONS, AND COUPLINGS

A. Pipe Size 3 inches and Under:
1. Ferrous pipe:  Class 150 malleable iron threaded unions.
2. Copper tube and pipe:  Class 150 bronze unions with soldered joints.

B. Dielectric Connections:  Union with galvanized or plated steel threaded end, 
copper solder end, water impervious isolation barrier.

2.8 GATE VALVES

A. 2 1/2 inches and Larger:
1. Manufacturers:

a) Nibco Model F-607-RWS
b) Jenkins
c) Milwaukee
d) KITZ

2. MSS SP-70, NSF/ANSI 372- “Lead-Free”, Class 125, iron body, bronze 
trim, expoxy coated inside and out, outside screw and yoke, handwheel, 
resilient wedge, flanged ends.  

3. Provide chain-wheel operators for valves 6 inches and larger mounted 
over 8 feet above floor.

2.9 BALL VALVES

A. Manufacturers:
1. Nibco Model T-585-66-LF
2. Milwaukee #UPBA-400S

B. Construction, 2 inches and smaller: NSF/ANSI 61, Lead Free, MSS SP-110, 
Class 150, 600 psi CWP, bronze, two-piece body, stainless steel, full port, teflon 
seats and stuffing box ring, blow-out proof stainless steel stem, lever handle 
threaded ends.
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2.10 GAS VALVES:

A. Indoor Application:
1. Manufacturer:

a) Up to and including 2 inches: McDonald Figure 10552
1) AGA Certified, 25 lb WOG, Flat/Tee head, top check, plug 

type, Bronze body and plug, threaded ends

2.11 SWING CHECK VALVES

A. Up to and Including 3 inches:
1. Manufacturers:

a) Nibco Model T-413-Y-LF
b) Milwaukee.
c) Crane.

2. NSF/ANSI 61, Lead Free, MSS SP-80, Class 150, bronze body and cap, 
PTFE swing disc with renewable seat, threaded ends.

B. 4 inches and larger:
1. Manufacturers:

a) Nibco Model F-918.
b) Milwaukee 
c) Crane 
d) Jenkins 

2. NSF/ANSI 61, Lead Free, MSS SP-125, Class 125, iron body, renewable 
disc seal and seat, flanged ends.

2.12 RELIEF VALVES

A. Temperature and Pressure Relief:
1. Manufacturers:

a) Watts Model 100XL.
2. AGA Z21.22 certified, bronze body, teflon seat, stainless steel stem and 

springs, automatic, direct pressure actuated, temperature relief maximum 
210 degrees F, capacity ASME SEC IV certified and labelled.

2.13 FIRE STOP SYSTEMS

A. General Purpose Fire Stopping Sealant:
1. Manufacturers:

a) Hilti CS 240
2. Silicon based, nonslumping, premixed sealant with intumescent 

properties, rated for 3 hours per ASTM E814 and UL 1479.

B. DWV Plastic Pipe Systems Fire Stopping Sealant:
1. Manufacturers:

a) Hilti CS 240
2. Silicone based, premixed sealant with intumescent properties, vibration 

and moisture resistant, rated for 3 hours per ASTM E814 and UL 1479 
with metal collars.
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PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that excavations are to required grade, dry, and not over-excavated.

3.2 PREPARATION

A. Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.

B. Remove scale and dirt, on inside and outside, before assembly.

C. Prepare piping connections to equipment with flanges or unions.

3.3 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Provide non-conducting dielectric connections wherever jointing dissimilar 
metals.

C. Route piping in orderly manner and maintain gradient. Route parallel and 
perpendicular to walls.

D. Install piping to maintain headroom, conserve space, and not interfere with use 
of space.

E. Group piping whenever practical at common elevations.

F. Install piping to allow for expansion and contraction without stressing pipe, joints, 
or connected equipment. 

G. Provide clearance in hangers and from structure and other equipment for 
installation of insulation and access to valves and fittings.  Refer to Section 
15080.

H. Provide access where valves and fittings are not exposed.  

I. Install buried outdoor piping with tracer wire as specified in 15075.

J. Establish elevations of buried piping outside the building to ensure not less than 
2 ft of cover.

K. Install vent piping penetrating roofed areas to maintain integrity of roof assembly.

L. Where pipe support members are welded to structural building framing, scrape, 
brush clean, and apply one coat of zinc rich primer to welding.

M. Provide support for utility meters in accordance with requirements of utility 
companies.

N. Prepare exposed, unfinished pipe, fittings, supports, and accessories ready for 
finish painting.  Refer to Division 9.
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O. Excavate in accordance with Division 2 for work of this Section.

P. Backfill in accordance with Division 2 for work of this Section.

Q. Install bell and spigot pipe with bell end upstream.

R. Install valves with stems upright or horizontal, not inverted.

S. Install water piping to ASME B31.9.

T. Sleeve pipes passing through partitions, walls and floors.

3.4 APPLICATION

A. Install unions downstream of valves and at equipment or apparatus connections.

B. Install brass male adapters each side of valves in copper piped system. Solder 
adapters to pipe.

C. Install ball valves for shut-off and to isolate equipment, part of systems, or 
vertical risers.

D. Provide ball valves adjacent to equipment when provided to isolate equipment.

E. Provide plug valves in natural gas systems for shut-off service.

3.5 ERECTION TOLERANCES

A. Establish invert elevations, slopes for drainage to 1/8 inch per foot minimum.  
Maintain gradients.

B. Slope water piping minimum 0.25 percent and arrange to drain at low points.

3.6 TESTING

A. Test all pipes before they are concealed in furrings or chases, insulated, painted, 
or otherwise covered up or rendered inaccessible.  

B. Accomplish testing by sections of lines or systems, as required by conditions 
during construction.  Clean all piping and equipment before testing.

C. Domestic Water Lines Interior:  
1. Hydrostatically test for 6 hours at 150 psig.  There shall be no leaks 

whatsoever.

D. Interior Soil, Waste and Vent Lines:  
1. Test with water before the fixtures are installed.  
2. Water test applied to the drainage and venting system either in its 

entirety or in sections.  
a) Entire system testing: 

1) Tightly close all openings in piping system except the 
highest opening 

2) Fill system with water to the point of overflow. 
b) Sectional system testing: 
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1) Plug each opening except the highest opening of the 
section under test

2) Fill system to be tested with water to achieve a 10 foot 
head on the portion under test.

3. Keep water in the system, or in the portion under test, for at least 30 
minutes before the inspection starts.  

4. Water shall not drop more than 1inch in 8 hours.

E. Gas Lines:  
1. Test with 50 psig air pressure for 24 hours with no pressure drop (except 

for temperature correction).  If any drop occurs, soap test all joints, 
correct leaks and retest.

3.7 UNDERGROUND PIPING VIDEO INSPECTION

A. General:  Perform video inspection of underground sewer piping from the point 
of connection to the manhole outside the building through the mains and through 
the single takeoff to each fixture. 

B. Contractor Qualifications:  Inspection shall be conducted by a Contractor who 
has at least 2 years experience in the specific work involved.

C. Certification:  Provide statement of certification of  the following:
1. Verification of video inspection contractor qualifications.
2. Statement of completion that the work is in accordance with the specified 

requirements.
3. Name and signature of the General Contractor.
4. Name and signatures of the video inspection subcontractor.

D. Video Taping Requirements:
1. Video camera designed for express purpose of sewer line inspection.
2. Camera and apparatus capable of extending to all points of piping 

required within 2 inch to 8 inch diameter pipe.
3. Video taping with recording on-screen distance counter.
4. Taping shall include expert narrative of situations encountered which may 

be associated with improper installation or operation of the sewer.  Audio 
commentary shall include time and date, location description in an on-to-
from format, size of sewer, direction of flow, and video tape identification 
number.

5. Taping shall produce clear, sharp, images in VHS or CD-ROM format.
6. Tape shall identify date, time, and precise location of taping operations.  

Tape shall reveal evidence of surrounding area around each entry point.

E. Procedure:
1. Inspect sewer pipes with video camera no earlier than 30 days after floor 

slab has been poured.  Sections of sewer determined to be deficient shall 
be uncovered and repaired or replaced to satisfaction of Owner.  Retest 
repaired section.

2. Adequately flush and clean sewer piping prior to video inspection.
3. Provide additional video inspection at contractor’s expense if there are 

clogging problems within the first year warranty and if requested by 
owner.
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F. Report:
1. Provide summary report of pipes inspected and defects noted.  Report 

shall be in MS Word format.   The log shall show the exact measure 
location of faults such as, but no limited to:
a) Open joints
b) Broken, cracked or collapsed pipe
c) Accumulation of debris or obstructions
d) Evidence of infiltration
e) Water depth variation and sags
f) Protrusions

2. The reference location shall include the distance away from the reference 
point of entry such as manhole or cleanout and the position of the fault as 
to the bottom, top, or side of the pipe.  Significant faults are to warrant 
audio commentary on the video tape duplication report information.  Stop 
the camera briefly at these locations.

3. Furnish one copy of the final report with one copy of video tapes to the 
Engineer within one week after completion of the inspection.

4. Video tapes shall be numbered and cross indexed to the report.  Report 
shall be bound.

5. Provide plan of piping network covered with notations and identification of 
corresponding tape.

3.8 DISINFECTION OF DOMESTIC WATER PIPING SYSTEM

A. Prior to starting work, verify system is complete, flushed and clean.

B. Ensure Ph of water to be treated is between 7.4 and 7.6 by adding alkali (caustic 
soda or soda ash) or acid (hydrochloric).

C. Inject disinfectant, free chlorine in liquid, powder, tablet or gas form, throughout 
system to obtain 50 to 80 mg/L residual.

D. Bleed water from outlets to ensure distribution and test for  disinfectant residual 
at minimum 15 percent of outlets.

E. Maintain disinfectant in system for 24 hours.

F. If final disinfectant residual tests less than 25 mg/L, repeat treatment.

G. Flush disinfectant from system until residual equal to that of incoming water or 
1.0 mg/L.

H. Take samples no sooner than 24 hours after flushing, from 2 percent of  outlets 
and from water entry, and analyze in accordance with AWWA C651.

I. After domestic water lines have been sterilized and flushed, they shall be tested 
and certified by the City of Amarillo Environmental Laboratory. A copy of the test 
results shall be forwarded to the Owner.
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3.9 SERVICE CONNECTIONS

A. Provide new sanitary sewer services.  Before commencing work check invert 
elevations required for sewer connections, confirm inverts and ensure that these 
can be properly connected with slope for drainage and cover to avoid freezing.

END OF SECTION
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SECTION 15430
PLUMBING SPECIALTIES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Roof and floor drains.

B. Cleanouts.

C. Hose bibs.

D. Backflow preventers.

E. Water hammer arrestors.

F. Interceptors.

G. Thermostatic mixing valves.

1.2 RELATED SECTIONS

A. Section 15410 - Plumbing Piping.

B. Section 15440 - Plumbing Fixtures.

C. Section 15450 - Plumbing Equipment.

1.3 REFERENCES

A. ASME A112.21.1 - Floor Drains.

B. ASME A112.26.1 - Water Hammer Arrestors.

C. ASSE 1011 - Hose Connection Vacuum Breakers.

D. ASSE 1013 - Backflow Preventers, Reduced Pressure Principle.

E. ASSE 1019 - Wall Hydrants, Frost Proof Automatic Draining Anti-Backflow 
Types.

F. AWWA C506 - Backflow Prevention Devices - Reduced Pressure Principle and 
Double Check Valve Types.

G. PDI WH-201 - Water Hammer Arrestors.

1.4 SUBMITTALS FOR REVIEW

A. Provide submittals in accordance with Section 15000.

B. Product Data:  Provide component sizes, rough-in requirements, service sizes, 
and finishes.
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C. Shop Drawings:  Indicate dimensions, weights, and placement of openings and 
holes.

1.5 SUBMITTALS AT PROJECT CLOSEOUT

A. Project Record Documents:  Record actual locations of equipment, cleanouts, 
backflow preventers, gas pressure regulators.

B. Maintenance Data:  Include installation instructions, spare parts lists, exploded 
assembly views.

1.6 DELIVERY, STORAGE, AND PROTECTION

A. Accept specialties on site in original factory packaging.  Inspect for damage.

1.7 EXTRA MATERIALS

A. Supply service kits for backflow preventers.

PART 2  PRODUCTS

2.1 RD - ROOF DRAINS

A. Manufacturer:  Wade Series W-3000.

B. Other acceptable manufacturers offering equivalent products.
1. Zurn Z-100.

C. Assembly:  ANSI A112.21.2.

D. Body:  Lacquered cast iron with sump.

E. Strainer:  Removable cast iron dome. 

F. Accessories:  Coordinate with roofing type 
1. Membrane flange and membrane clamp with integral gravel stop.
2. Adjustable under deck clamp.
3. Waterproofing flange.
4. Adjustable extension sleeve for roof insulation.
5. Perforated or slotted ballast guard extension for inverted roof.
6. Perforated stainless steel ballast guard extension.

2.2 DSN - DOWNSPOUT NOZZLES

A. Manufacturer: Wade Model W-3940.

B. Other acceptable manufacturers offering equivalent products.
1. Zurn Z-199.

C. Cast bronze with threaded inlet and wall flange.
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2.3 FD – FLOOR DRAINS

A. Manufacturers:
1. Wade Model W-1100.
2. Zurn Model Z-415-B.

B. ANSI A112.21.1; lacquered cast iron two piece body with double drainage 
flange, weep holes, reversible clamping collar, and round, adjustable nickel-
bronze strainer.

C. ANSI A112.21.1; lacquered cast iron two piece body with double drainage 
flange, weep holes, reversible clamping collar, and round, adjustable nickel-
bronze strainer.

D. Accessories:
1. Provide each floor drain with elastomeric PVC duckbill insert as 

manufactured by Trap Guard®.

2.4 FS – FLOOR SINKS

A. Manufacturers:
1. Wade Model W-9110
2. Zurn Model Z-1910

B. 8x8x6 lacquered cast iron body with aluminum dome strainer, A.R.E. interior and 
seepage flange with full satin nickel bronze top.

C. Accessories:
1. Provide each floor drain with elastomeric PVC duckbill insert as 

manufactured by Trap Guard®.

2.5 FT – FLOOR TROUGH

A. Manufacturer:
1. Advance Tabco model FTG-1230 

B. 30"W x 12"D x 4" deep, 14 gauge 304 stainless steel, includes, removable 
stainless steel strainer basket, 4" O.D. waste.

C. Frame:  stainless steel subway grating constructed from 3/16" x 1" bars.

2.6 TD – TRENCH DRAINS 

A. Manufacturer:
1. Zurn model Z886 Perma-Trench

B. Channels:  80 inches long, 6 inches wide, and 4 inch throat.  Modular channel 
sections shall be made of High Density Polyethylene (HDPE), have interlocking 
ends, and a radiused bottom.  Provide with 0.75% built-in slope. Shallow invert 
shall be 3.5 inches. Clips shall be molded into the sides of the channel to 
accommodate vertical re-bar for positioning and anchoring purposes. Provide 
with end caps and bottom outlet.
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C. Grate:  Galvanized ductile iron bar grate

D. Frame:  Extra Heavy-Duty frame assembly with anchor studs and grate 
lockdown hardware.

E. Strainer: Bottom dome strainer.

2.7 CLEANOUTS

A. Exterior Surfaced Areas:
1. Manufacturers:

a) Wade Model W-6000Z.
b) Zurn Model Z-1400-HD

2. Round cast iron, threaded adjustable housing, flanged ferrule with plug 
and round nickel bronze scoriated tractor top.

B. Interior Finished Floor Areas:
1. Manufacturers:

a) Wade Model W-6000
b) Zurn Model Z-1400

2. Cast iron body with anchor flange, threaded adjustable housing, flanged 
ferrule with plug and secured nickel bronze scoriated top.
a) Carpeted areas:  with carpet flange

1) Wade W-6000-CF
b) Poured or synthetic floor areas: wide flange top

1) Wade W-6000-D
c) Tile floor: square top

1) Wade W-6000-TS
d) Terrazzo Floor: no flange

1) Wade W-6000-U

C. Interior Finished Wall Areas:
1. Manufacturers:

a) Wade Model W-8460-R.
b) Zurn Model Z-1446

2. Line type with cast iron body with brass plug and round stainless steel 
access cover secured with machine screw.

2.8 HOSE BIBS – HB 

A. Interior:
1. Manufacturers:

a) T&S Brass Model B-0737-POL.
b) Chicago Model 387-6 w/ E27

2. Polished chrome plated brass with integral mounting flange, replaceable 
hexagonal disc, 3/4 inch FIP inlet, 3/4 inch hose thread spout, removable 
tee handle, vacuum breaker in conformance with ANSI/ASSE 1011.

2.9 BACKFLOW PREVENTERS

A. Reduced Pressure Backflow Preventers:
1. Manufacturers:
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a) Watts Model LF909.
b) Febco.

2. ANSI/ASSE 1013, NSF 61; lead-free design, two independently 
operating, spring loaded check valves; diaphragm type differential 
pressure relief valve located between check valves; third check valve that 
opens under back pressure in case of diaphragm failure; non-threaded 
vent outlet; assembled with isolation ball valves, strainer, and ball valve 
test cocks.

3. Provide with air gap fitting.
4. Provide with test kit, equal to Watts TK-9A

2.10 WATER HAMMER ARRESTORS

A. Manufacturer:  Sioux Chief, PPP

B. ANSI 1010-2004; piston type, type L copper tube construction, poly-piston with 
EPDM o-rings.

C. Sized in accordance with manufacturer requirements suitable for operation in 
temperature range -100 to 300 degrees F maximum 250 psi working pressure.

2.1 GREASE INTERCEPTORS

D. Manufacturer:  Schier Products Model GB-250.

E. Construction:
1. Seamless high density polyethelene construction rated for exterior 

installation.
2. Unit shall be provided with built-in flow control.
3. Provide unit with riser extensions and H20 load rated sealed composite 

cover.
4. Top of unit shall be flush with grade. Provide with 4 inch concrete cover 

per detail. 

2.11 THERMOSTATIC WATER MIXING VALVE

A. Manufacturers:
1. Watts LFN170.
2. Approved equal.

B. Provide factory assembled and tested thermostatic mixing valve assembly 
constructed of lead free brass. 

C. Thermostatic mixing valve shall have hot water inlet, cold water inlet, mixed 
water outlet.

D. Valve temperature set-point shall be 110°F.
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PART 3 EXECUTION

3.1 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Extend cleanouts to finished floor or wall surface.  Lubricate threaded cleanout 
plugs with mixture of graphite and linseed oil.  Ensure clearance at cleanout for 
rodding of drainage system.

C. Encase exterior cleanouts in 12"x12"x4" concrete slab, flush with grade.

D. Install floor cleanouts at elevation to accommodate finished floor.

E. Install approved potable water protection devices on plumbing lines where 
contamination of domestic water may occur, or as indicated on the drawings. 

F. Pipe relief from backflow preventer air gap fitting to nearest drain.

G. Install water hammer arrestors complete with accessible isolation valve on hot 
and cold water supply piping to each group of plumbing fixtures.

END OF SECTION
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SECTION 15440
PLUMBING FIXTURES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Water closets.

B. Urinals.

C. Lavatories.

D. Sinks.

E. Service sinks.

F. Showers.

1.2 RELATED SECTIONS

A. Section 15060 – Hangers and Supports

B. Section 15410 - Plumbing Piping.

C. Section 15430 - Plumbing Specialties.

D. Section 15450 - Plumbing Equipment.

1.3 REFERENCES

A. ANSI Z124.2 - Gel-Coated Glass-Fiber Reinforced Polyester Resin Shower 
Receptor and Shower Stall Units.

B. ASME A112.6.1 - Supports for Off-the-Floor Plumbing Fixtures for Public Use.

C. ASME A112.18.1 - Finished and Rough Brass Plumbing Fixture Fittings.

D. ASME A112.19.2 - Vitreous China Plumbing Fixtures.

E. ASME A112.19.5 - Trim for Water-Closet Bowls, Tanks, and Urinals.

1.4 SUBMITTALS FOR REVIEW

A. Section 15000:  Procedures for submittals.

B. Product Data:  Provide catalog illustrations of fixtures, sizes, rough-in 
dimensions, utility sizes, trim, and finishes.

1.5 SUBMITTALS AT PROJECT CLOSEOUT

A. Maintenance Data:  Include fixture trim exploded view and replacement parts 
lists.
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B. Warranty:  Submit manufacturer  warranty and ensure forms have been 
completed in Owner's name and registered with manufacturer.

1.6 DELIVERY, STORAGE, AND PROTECTION

A. Accept fixtures on site in factory packaging.  Inspect for damage.

B. Protect installed fixtures from damage by securing areas and by leaving factory 
packaging in place to protect fixtures and prevent use.

PART 2 PRODUCTS

2.1 WHEEL HANDLE ¼ TURN STOPS

A. Manufacturers:
1. Brass Craft model KTCR19 C
2. No substitutions.

B. Operating Temperature:
1. 40-150 degrees F.  Intermittent to 180 degrees F.

C. Operating Pressure:
1. 125 psi maximum.

D. Material Specifications:
1. Body and brass components: Chrome plated C36000 brass.
2. Stem: Plated C36000 brass.
3. Seats: Pure PTFE.
4. Ball: Chrome plated C36000 brass.
5. O-Ring: Nitrile.
6. Handle: Chrome plated zinc die cast.
7. Handle Screw: Zinc plated steel.
8. Compression Sleeve: C36000 brass.

2.2 FLEXIBLE SUPPLY RISERS

A. Manufacturers:
1. Brass Craft Speedi Plumb Plus

B. Operating Temperature:
1. 40-150 degrees F.  Intermittent to 180 degrees F.

C. Operating Pressure:
1. 125 psi maximum.

D. Material Specifications:
1. Nuts: C36000 brass.
2. End fittings: C36000 brass.
3. Braiding: Polyvinyl chloride coated polyester yarn.
4. Tubing: EPDM rubber.
5. Washers: Nitrile rubber.
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2.3 CHROME PLATED BRASS P-TRAP

A. Manufacturers:
1. Brass Craft
2. McGuire
3. Dearborn Brass

B. Chrome-plated 17-gauge brass tubing p-trap with clean-out.  Provide with brass 
quarter bend, brass clean-out plug, fiber clean-out washer, rubber washers, die 
cast nuts.

C. Size:
1. Lavatory: 1-1/4 inch x 1-1/4 inch.
2. Sink: 1-1/2 inch x 1-1/2 inch.

2.4 OFFSET WASTE WITH PERFORATED OPEN STRAINER

A. Manufacturers:
1. Brass Craft part number 0702.
2. McGuire part number 155WC.

B. Polished chrome cast brass offset lavatory strainer, ADA compliant, cast brass 
solid top open grid strainer, cast brass elbow and 1-1/4 inch 17 gauge offset 
tailpiece.

2.5 P-1 – WATER CLOSET, FLOOR MOUNT, FLUSH VALVE – TAS 

A. Bowl: 
1. Manufacturers:

a) American Standard Model 3043.001
b) Kohler.

2. ASME A112.19.2M; floor mounted, siphon jet 16-1/2 inch bowl height, 
TAS accessible, vitreous china closet bowl, with elongated rim, 1-1/2 inch 
top spud, china bolt caps, minimum 2 inch passageway.

B. Manual Flush Valve:
1. Manufacturer:

a) Zurn Z6000AV-ONE
b) Sloan.

2. ASME A112.19.2; oscilating handle, exposed chrome plated, diaphragm 
type flush valve, integral screwdriver stop and vacuum breaker, 
adjustable tailpiece, vandal resistant stop cap with set screw, sweat 
solder adapter with cover tube and cast set screw wall flange, maximum 
1.1 gallon flush volume, 11-1/2 inch riser.

C. Seat: 
1. Manufacturer:

a) Bemis Model 1955 SSC
b) Beneke 523 SS

2. Solid white plastic, open front, extended back, self-sustaining hinge, and 
brass bolts.
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2.6 P-2 – WATER CLOSET, FLOOR MOUNT, FLUSH VALVE

A. Bowl: 
1. Manufacturers:

a) American Standard Model 2234.001
b) Kohler.

2. ASME A112.19.2; floor mounted, siphon jet 15 inch bowl height, vitreous 
china closet bowl, with elongated rim, 1-1/2 inch top spud, china bolt 
caps, minimum 2 inch passageway.

B. Manual Flush Valve:
1. Manufacturer:

a) Zurn Z6000AV-ONE
b) Sloan.

2. ASME A112.19.2; oscilating handle, exposed chrome plated, diaphragm 
type flush valve, integral screwdriver stop and vacuum breaker, 
adjustable tailpiece, vandal resistant stop cap with set screw, sweat 
solder adapter with cover tube and cast set screw wall flange, maximum 
1.1 gallon flush volume, 11-1/2 inch riser.

C. Seat: 
1. Manufacturer:

a) Bemis Model 1955 SSC
b) Beneke 523 SS

2. Solid white plastic, open front, extended back, self-sustaining hinge, and 
brass bolts.

2.7 P-3 – WALL HUNG URINAL, FLUSH VALVE – TAS

A. Fixture:
1. Manufacturers:

a) American Standard Model 6590.001
b) Kohler.

2. ASME A112.19.2; vitreous china, wall hung washout action urinal with 
shields, 14 inch extended lip, integral trap, 3/4 inch top spud.

3. 0.125 gallons per flush maximum.
4. Refer to Architectural Interior Elevations for fixture installation height.

B. Manual Flush Valve: 
1. Manufacturers:

a) Zurn ZER6003PL-ULF
b) Sloan

2. ASME A112.19.2; oscilating handle, exposed chrome plated, diaphragm 
type manual flush valve, integral screwdriver stop and vacuum breaker, 
adjustable tailpiece, vandal resistant stop cap with set screw, sweat 
solder adapter with cover tube and cast set screw wall flange, maximum 
0.125 gallon flush volume, 11-1/2 inch riser.

C. Wall Mounted Carrier:
1. Manufacturer:  Wade W-400.
2. Other acceptable manufacturers offering equivalent products.
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a) Zurn Z-1221
3. ASME A112.6.1; cast iron and steel frame with tubular legs, lugs for floor 

and wall attachment, threaded fixture studs for fixture hanger.

2.8 P-4 – WALL HUNG URINAL - FLUSH VALVE

A. Fixture:
1. Manufacturers:

a) American Standard Model 6590.001
b) Kohler.

2. ASME A112.19.2; vitreous china, wall hung washout action urinal with 
shields, 14 inch extended lip, integral trap, 3/4 inch top spud.

3. 0.125 gallons per flush maximum.
4. Refer to Architectural Interior Elevations for fixture installation height.

B. Manual Flush Valve: 
1. Manufacturers:

a) Zurn ZER6003PL-ULF
b) Sloan

2. ASME A112.19.2; oscilating handle, exposed chrome plated, diaphragm 
type manual flush valve, integral screwdriver stop and vacuum breaker, 
adjustable tailpiece, vandal resistant stop cap with set screw, sweat 
solder adapter with cover tube and cast set screw wall flange, maximum 
0.125 gallon flush volume, 11-1/2 inch riser.

C. Wall Mounted Carrier:
1. Manufacturer:  Wade W-400.
2. Other acceptable manufacturers offering equivalent products.

a) Zurn Z-1221
3. ASME A112.6.1; cast iron and steel frame with tubular legs, lugs for floor 

and wall attachment, threaded fixture studs for fixture hanger.

2.9 P-5 – COUNTER MOUNT LAVATORY – TAS

A. Vitreous China Basin
1. Manufacturer:  

a) American Standard 0476.028
b) Kohler

2. ASME A112.19.2; vitreous china self rimming counter mount lavatory 20 
inch x 17 inch bowl size, 4 inch centers, front overflow, and faucet ledge.

3. Mount with rim height at 32 inches.

B. Supply Fitting:
1. Manufacturers:

a) American Standard model 7385.004
b) Zurn
c) Watts

2. ASME A112.1.1M; 5 inch vandal resistant lever handle, deck mount 
lavatory faucet, ceramic cartridges, 0.5 gpm vandal resistant aerator, 
ADA compliant.

C. Accessories:
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1. Chrome plated 17 gage brass P-trap with clean-out plug and arm with 
escutcheon.

2. Offset waste with perforated open strainer
3. Wheel handle ¼ turn stops.
4. Flexible supplies.
5. True-Bro handicap insulation kit.

2.10 P-6 – SHOWER, 36” x 36” – TAS

A. Cabinet:
1. Manufacturer:  Aquatic 3636-BFSC
2. ANSI Z124.2 molded cast acrylic, nominal inside dimension 36x36. 

Backside fire rating of "A" and flame spread rating of 25.  
3. Factory installed components with additional back reinforcing,  
4. Integral molded soap/shampoo shelf at 44" above floor, along back wall. 
5. Pre-drilled for valve and hand held shower head.  
6. 1-1/2 inch OD grab bars.  
7. Fold up wheel chair transfer seat with phenolic slats to meet               

ANSI A-1171.1.  
8. Curtain rod, shower curtain, shower drain.
9. 120V Dome light.
10. Pressure balanced mixing valve and handheld shower assembly.

a) Handheld shower shall have integral positive shutoff button 
control.

11. Coordinate orientation of fixture with architectural floor plans and 
elevations.

2.11 P-7 – SHOWER, 60” x 34” – TAS

A. Cabinet:
1. Manufacturer:  Aquatic 1603-BFSC
2. ANSI Z124.2 molded cast acrylic, nominal inside dimension 60x34. 

Backside fire rating of "A" and flame spread rating of 25.  
3. Factory installed components with additional back reinforcing,  
4. Integral molded soap/shampoo shelf at 44" above floor, along back wall. 
5. Pre-drilled for valve and hand held shower head.
6. 1-1/2 inch OD grab bars.
7. Fold up wheel chair transfer seat with phenolic slats to meet               

ANSI A-1171.1.  
8. Curtain rod, shower curtain, shower drain.
9. 120V Dome light.
10. Pressure balanced mixing valve and handheld shower assembly.

a) Handheld shower shall have integral positive shutoff button 
control.

11. Coordinate orientation of fixture with architectural floor plans and 
elevations.

2.12 P-8 – COUNTER MOUNTED STAINLESS STEEL SINK

A. Sink:
1. Manufacturer:  
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a) Elkay model LRAD191855.
b) Just

2. ASME A112.19.3; 19x18x5-1/2 inch compartment dimensions, 18 gage 
thick, Type 304 stainless steel, self-rimming.

B. Trim:
1. Manufacturer:  

a) Zurn Z831C4-XL
b) American Standard
c) Watts

2. ASME A112.18.1; chrome plated brass supply with 8 inch swing spout, 4 
inch vandal resistant color-coded wrist blade handles, ceramic disc 
cartridges, water economy aerator with maximum 1.5 gpm flow. 

C. Accessories:
1. Chrome plated 17 gage brass P-trap with clean-out plug and arm with 

escutcheon.
2. Offset waste with perforated open strainer
3. Wheel handle ¼ turn stops.
4. Flexible supplies.

2.13 P-9 – KITCHEN SINK – TAS

A. Sink:
1. Manufacturer:  

a) Elkay model LRAD331965.
b) Just

2. ASME A112.19.3; 33x19-1/2x6-1/2 inch compartment dimensions, 18 
gage thick, Type 304 stainless steel, self-rimming, (2) 3-1/2 inch crumb 
cups and tailpieces.

B. Trim:
1. Manufacturer:  

a) Zurn Z831C4-XL
b) American Standard
c) Watts

2. ASME A112.18.1; chrome plated brass supply with 8 inch swing spout, 4 
inch vandal resistant color-coded wrist blade handles, ceramic disc 
cartridges, water economy aerator with maximum 1.5 gpm flow. 

C. Accessories:
1. Chrome plated 17 gage brass P-trap with clean-out plug and arm with 

escutcheon.
2. Offset waste with perforated open strainer
3. Wheel handle ¼ turn stops.
4. Flexible supplies.

2.14 P-10 – KITCHEN SINK

A. Sink:
1. Manufacturer:  

a) Elkay model LRAD3322PD.
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b) Just
2. ASME A112.19.3; 33x22x8-1/8 inch compartment dimensions, 18 gage 

thick, Type 304 stainless steel, self-rimming, (2) 3-1/2 inch crumb cups 
and tailpieces.

B. Trim:
1. Manufacturer:  

a) Zurn Z831C4-XL
b) American Standard
c) Watts

2. ASME A112.18.1; chrome plated brass supply with 8 inch swing spout, 4 
inch vandal resistant color-coded wrist blade handles, ceramic disc 
cartridges, water economy aerator with maximum 1.5 gpm flow. 

C. Accessories:
1. Chrome plated 17 gage brass P-trap with clean-out plug and arm with 

escutcheon.
2. Offset waste with perforated open strainer
3. Wheel handle ¼ turn stops.
4. Flexible supplies.

2.15 P-11 – BATH TUB, 60x30

A. Bathtub:
1. Manufacturer:  

a) American Standard model 2390.202ICH 
b) Approved equal

2. ASME A112.19.4; Acid resistant porcelain finish, full slip- resistant 
surface, beveled headrest, integral base, bath drain, and end drain outlet.

B. Trim:
1. Valve:  Delta model T14085, single handle, R10000-UNWS pressure 

balanced shower valve with Scald-Guard valving, solid brass body, lever 
handle, field adjustable temperature stop, screwdriver stops, chrome 
finish.

2. Diverting Valve: Delta model T11885 3 setting diverter
3. Fixed Shower Head:  Sloan model AC-11, ANSI/ASME A112.18.1M, 

spring loaded self-cleaning spray disk, “Cone-within-a-cone” spray 
pattern, pressure compensating for maximum flow 2.5  gpm, brass 
construction, universal ball joint with thumb screw volume control, spray 
arm with set screw flange, polished brass.
a) Mount shower head arm at 80 inches above shower floor.

2.16 P-12 – MOP BASIN, CORNER TERRAZZO, 32x32x12

A. Bowl:
1. Fiat Model TSBC 1611; 32x32x12 corner terrazzo, 6" drop front.
2. 2 inch wide shoulders, stainless steel threshold, 3" stainless steel cast 

integral drain body, stainless steel strainer.

B. Trim:
1. Manufacturer: T & S Brass B-0665-BSTR
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2. ASME A112.18.1 exposed wall type supply with lever handles, spout wall 
brace, pail hook, vacuum breaker, hose end spout, strainers, eccentric 
adjustable inlets, integral loose key stops and adjustable threaded wall 
flanges.

C. Accessories:
1. 5 feet of 1/2 inch diameter plain end reinforced rubber hose.
2. Hose clamp hanger.
3. Mop hanger.

2.17 P-13 – SHOWER, 36 x 36

A. Cabinet:
1. Manufacturer:  Aquatic 1363-CNT
2. ANSI Z124.2 molded cast acrylic, nominal inside dimension 36x36.   
3. Molded toiletry shelves.
4. Slip-resistant textured bottom.
5. Provide fixture with factory installed brass shower drain.

a) Provide shower drain with elastomeric PVC duckbill insert as 
manufactured by Trap Guard®.

B. Trim:
1. Valve:  Delta model T14085, single handle, R10000-UNWS pressure 

balanced shower valve with Scald-Guard valving, solid brass body, lever 
handle, field adjustable temperature stop, screwdriver stops, chrome 
finish.

2. Diverting Valve: Delta model T11885 3 setting diverter
3. Fixed Shower Head:  Sloan model AC-11, ANSI/ASME A112.18.1M, 

spring loaded self-cleaning spray disk, “Cone-within-a-cone” spray 
pattern, pressure compensating for maximum flow 2.5  gpm, brass 
construction, universal ball joint with thumb screw volume control, spray 
arm with set screw flange, polished brass.
a) Mount shower head arm at 80 inches above shower floor.

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify that walls and floor finishes are prepared and ready for installation of 
fixtures.

B. Confirm that millwork is constructed with adequate provision for the installation of 
counter top lavatories and sinks.

3.2 PREPARATION

A. Rough-in fixture piping connections in accordance with minimum sizes indicated 
in fixture rough-in schedule for particular fixtures.

B. Verify rough-in heights before installation. Secure ruling on heights of TAS 
fixtures before rough-in.
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3.3 INSTALLATION

A. Install each fixture with trap, easily removable for servicing and cleaning.

B. Provide chrome plated rigid or flexible supplies to fixtures with stops, reducers, 
and escutcheons.

C. Install components level and plumb.

D. Install and secure fixtures in place with wall supports, wall carriers and bolts.

E. Seal fixtures to wall and floor surfaces with sealant 

F. Solidly attach water closets to floor with lag screws. Lead flashing is not intended 
hold fixture in place.

3.4 INTERFACE WITH OTHER PRODUCTS

A. Review millwork shop drawings.  Confirm location and size of fixtures and 
openings before rough-in and installation.

3.5 TAS COMPLIANCE

A. Obtain ruling on mounting heights of all fixtures.

B. Mount flush valves for TAS compliant fixtures so the handle is facing the open 
portion of the stall.

C. Install pre-formed insulating covers on all exposed tailpieces, traps, and water 
service beneath TAS compliant sinks, lavatories, etc.

3.6 ADJUSTING

A. Adjust stops or valves for intended water flow rate to fixtures without splashing, 
noise, or overflow.

3.7 CLEANING

A. Clean plumbing fixtures and equipment.

3.8 PROTECTION OF FINISHED WORK

A. Do not permit use of fixtures.

END OF SECTION
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SECTION 15450
PLUMBING EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Pumps.
1. Sump Pumps.

1.2 REFERENCES

A. NFPA 70 - National Electrical Code.

1.3 SUBMITTALS FOR REVIEW

A. Section 15000: Procedures for submittals.

B. Product Data:
1. Provide dimension drawings of water heaters indicating components and 

connections to other equipment and piping.
2. Provide heater type, capacity, and efficiency.
3. Indicate pump type, capacity, power requirements.
4. Provide certified pump curves showing pump performance characteristics 

with pump and system operating point plotted.  Include NPSH curve when 
applicable.

5. Provide electrical characteristics and connection requirements.

C. Shop Drawings:
1. Indicate heat exchanger dimensions, size of tappings, and performance 

data.
2. Indicate dimensions of tanks, tank lining methods, anchors, attachments,  

lifting points, tappings, and drains.

1.4 SUBMITTALS AT PROJECT CLOSEOUT

A. Operation and Maintenance Data:  Include operation, maintenance, and 
inspection data, replacement part numbers and availability, and service depot 
location and telephone number.

B. Warranty:  Submit manufacturer  warranty and ensure forms have been 
completed in Owner's name and registered with manufacturer.

1.5 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the 
Products specified in this section with minimum five years experience.

B. Provide pumps with manufacturer's name, model number, and rating/capacity 
identified.

C. Ensure products and installation of specified products are in conformance with 
recommendations and requirements of the following organizations:
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1. National Sanitation Foundation (NSF).
2. American Society of Mechanical Engineers (ASME).
3. National Electrical Manufacturers' Association (NEMA).
4. Underwriters Laboratories (UL).

D. Ensure pumps operate at specified system fluid temperatures without vapor 
binding and cavitation, are non-overloading in parallel or individual operation, 
operate within 25 percent of midpoint of published maximum efficiency curve.

1.6 REGULATORY REQUIREMENTS

A. Products Requiring Electrical Connection:  Listed and classified by Underwriters 
Laboratories Inc., as suitable for the purpose specified and indicated.

1.7 DELIVERY, STORAGE, AND PROTECTION

A. Provide temporary inlet and outlet caps. Maintain caps in place until installation.

1.8 WARRANTY

A. Provide one year manufacturer warranty for submersible sump pumps.

PART 2 PRODUCTS

2.1 ELEVATOR PIT SUMP PUMP

A. Manufacturer:  Zoeller Pump Co. model 940-0012.

B. Other acceptable manufacturers offering equivalent products.
1. Barnes
2. Stancor

C. Type:  Vertical centrifugal, direct connected, simplex arrangement.

D. Casing:  Cast iron pump body and oil filled motor chamber with corrosion 
resistant powder coated epoxy paint.

E. Impeller:  Non-clogging engineered thermoplastic vortex impeller.

F. Bearings:  Ball bearings.

G. Sump:  Formed concrete.

H. Accessories:
1. Oil resistant 20 foot cord and plug with three-prong connector for 

connection to electric wiring system. 
2. Stainless steel lifting handle.
3. Stainless steel bolt assembly
4. Automatic reset thermal overload protection.
5. Ceramic seals.
6. 1-1/2 inch NPT vertical discharge

I. Controls – Oil Smart Switch and Alarm Panel:
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1. Preset on and off points to differentiate oil and water to alert maintenance 
personnel of high water or oil detected conditions.

2. 304 stainless steel probes
3. NEMA 4X watertight enclosure with lockable latch
4. 30 amp motor start relay
5. Pump “Hand-Off-Auto” switch.
6. Top mounted red alarm beacon light.
7. 81-84 decibel rated alarm horn
8. Horn silence and alarm test switches.
9. Auto reset alarm.
10. Dry auxiliary alarm contacts.
11. Separate circuit protection for alarm.
12. Circuit breaker protection.

J. Performance:
1. As scheduled on the drawings. 

2.2 LOADING DOCK SUMP PUMP

A. Manufacturer:  Little Giant model 6EC-CIA-SFS.

B. Other acceptable manufacturers offering equivalent products.
1. Barnes
2. Stancor

C. Type:  Vertical centrifugal, direct connected, simplex arrangement.

D. Casing:  Cast iron pump body and oil filled motor chamber with corrosion 
resistant powder coated epoxy paint.

E. Impeller:  Non-clogging engineered thermoplastic vortex impeller.

F. Bearings:  Upper and lower ball bearings.

G. Accessories:
1. Oil resistant 10 foot cord and plug with three-prong connector for 

connection to electric wiring system. 
2. Integral float operating switch.
3. 1-1/2 inch NPT vertical discharge

H. Performance:
1. As scheduled on the drawings.

PART 3  EXECUTION

3.1 INSTALLATION

A. Pumps:
1. Decrease from line size with long radius reducing elbows or reducers. 
2. Support piping adjacent to pump such that no weight is carried on pump 

casings.  
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3. Ensure pumps operate at specified system fluid temperatures without 
vapor binding and cavitation, are non-overloading in parallel or individual 
operation, and operate within 25 percent of midpoint of published 
maximum efficiency curve.

3.2 CLEANING

A. Clean all construction debris and dust from equipment rooms. Leave equipment 
clean. Blow out all construction dust from all internal portions of equipment, 
control cabinets and pump motors.

END OF SECTION
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SECTION 15510
HYDRONIC PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Pipe and pipe fittings for:
1. Heating water piping system.
2. Chilled water piping system.
3. Equipment drains and overflows.

B. Valves:
1. Globe or angle valves.
2. Ball valves.
3. Check valves.

1.2 RELATED SECTIONS

A. Division 9 - Painting.

B. Section 15060 - Hangers and Supports

C. Section 15075 - Mechanical Identification.

D. Section 15080 – Mechanical Insulation.

E. Section 15515 - Hydronic Specialties.

1.3 REFERENCES

A. ASME - Boiler and Pressure Vessel Codes, SEC 9 - Qualification Standard for 
Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing 
Operators.

B. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings.

C. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure 
Fittings.

D. ASTM B32 - Solder Metal.

E. ASTM B88 - Seamless Copper Water Tube.

F. AWS A5.8 - Brazing Filler Metal.

G. AWS D1.1 - Structural Welding Code.

1.4 SYSTEM DESCRIPTION

A. Where more than one piping system material is specified, ensure system 
components are compatible and joined to ensure the integrity of the system is 
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not jeopardized. Provide necessary joining fittings. Ensure flanges, union, and 
couplings for servicing are consistently provided.

B. Use unions, flanges, and couplings downstream of valves and at equipment or 
apparatus connections. Do not use direct welded or threaded connections to 
valves, equipment or other apparatus.

C. Use non-conducting dielectric connections whenever jointing dissimilar metals in 
open systems.

D. Provide pipe hangers and supports in accordance with MSS SP69 unless 
indicated otherwise.

E. Use ball or lug end butterfly valves for shut-off and to isolate equipment, part of 
systems, or vertical risers.

F. Use ball valves for throttling, bypass, or manual flow control services.

G. Use 3/4 inch ball valves with cap for drains at main shut-off valves, low points of  
piping, bases of vertical risers, and at equipment. Pipe to nearest floor drain.

1.5 SUBMITTALS

A. Section 15000: Submittal Procedures

B. Product Data:  Include data on pipe materials, pipe fittings, valves, and 
accessories.  Provide manufacturers catalogue information.  Indicate valve data 
and ratings.

1.6 PROJECT RECORD DOCUMENTS

A. Record actual locations of valves.

1.7 OPERATION AND MAINTENANCE DATA

A. Maintenance Data:  Include installation instructions, spare parts lists, exploded 
assembly views.

1.8 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the Products specified in 
this section with minimum ten years experience.

B. Installer:  Company specializing in performing the work of this section.

1.9 REGULATORY REQUIREMENTS

A. Conform to ASME B31.9 code for installation of piping system.

1.10 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place. Inspect for 
damage.
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B. Provide temporary protective coating on cast iron and steel valves.

C. Provide temporary end caps and closures on piping and fittings. Maintain in 
place until installation.

D. Protect piping systems from entry of foreign materials by temporary covers, 
completing sections of the work, and isolating parts of completed system.

PART 2 PRODUCTS

2.1 HEATING WATER PIPING, ABOVE GROUND

A. Copper Tubing:  ASTM B88, Type L, hard drawn.
1. Fittings:  ASME B16.18, cast brass, or ASME B16.22, solder wrought 

copper. 
2. Tee Connections:  Mechanically extracted collars with notched and 

dimpled branch tube.
3. Joints:  Solder, lead free, ASTM B32, 95-5 tin-antimony, or tin and silver, 

with melting range 430 to 535 degrees F. 

2.2 CHILLED WATER PIPING, ABOVE GRADE

A. Copper Tubing:  ASTM B88, Type L hard drawn.
1. Fittings:  ASME B16.18, cast brass, or ASME B16.22, solder wrought 

copper. 
2. Tee Connections:  Mechanically extracted collars with notched and 

dimpled branch tube.
3. Joints:  Solder, lead free, ASTM B32, 95-5 tin-antimony, or tin and silver, 

with melting range 430 to 535 degrees F. 

2.3 EQUIPMENT DRAINS AND OVERFLOWS

A. Copper Tubing:  ASTM B88, Type L, hard drawn.
1. Fittings:  ASME B16.18, cast brass, or ASME B16.22 solder wrought 

copper.
2. Joints:  Solder, lead free, ASTM B32, 95-5 tin-antimony, or tin and silver, 

with melting range 430 to 535 degrees F.

2.4 UNIONS, FLANGES, AND COUPLINGS

A. Unions for Pipe 2 Inches and Under:
1. Copper Pipe:  Bronze, soldered joints.

B. Flanges for Pipe Over 2 Inches:
1. Copper Piping:  Bronze.
2. Gaskets:  1/16 inch thick preformed neoprene.

C. Dielectric Connections:  Union with galvanized or plated steel threaded end, 
copper solder end, water impervious isolation barrier.
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2.5 BALL VALVES

A. Manufacturers:
1. Nibco Model T-585-70-66
2. KITZ #68M

B. Construction, 2 inches and smaller:  MSS SP-110, Class 150, 600 psi CWP, 
bronze, two-piece body, stainless steel vented ball, full port, teflon seats and 
stuffing box ring, blow-out proof stainless steel stem, lever handle threaded 
ends.

PART 3 EXECUTION

3.1 PREPARATION

A. Ream pipe and tube ends.  Remove burrs. Bevel plain end ferrous pipe.

B. Remove scale and dirt on inside and outside before assembly.

C. Prepare piping connections to equipment with flanges or unions.

D. Keep open ends of pipe free from scale and dirt.  Protect open ends with 
temporary plugs or caps.

E. After completion, fill, clean, and treat systems.  Refer to Section 15185.

3.2 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Install heating water piping to ASME B31.9.  Install chilled water piping to ASME 
B31.5.

C. Route piping in orderly manner, parallel to building structure, and maintain 
gradient.

D. Install piping to conserve building space, and not interfere with use of space.

E. Group piping whenever practical at common elevations.

F. Sleeve pipe passing through partitions, walls and floors.

G. Slope piping and arrange to drain at low points.

H. Install piping to allow for expansion and contraction without stressing pipe, joints, 
or connected equipment.  

I. Provide clearance in hangers and from structure and other equipment for 
installation of insulation and access to valves and fittings.  Refer to Section 
15080.

J. Provide access where valves and fittings are not exposed.  Coordinate size and 
location of access doors.
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K. Install air vents at all high points in the system.

L. Make taps in main piping for runouts to terminal units from bottom of piping to 
allow for automatic venting of air from the system.

M. Where pipe support members are welded to structural building framing, scrape, 
brush clean, and apply one coat of zinc rich primer to welds.

N. Install valves with stems upright or horizontal, not inverted.

3.3 TESTING

A. Before insulating or concealing any lines, test all piping.  

B. Test all piping at 150% of the system working pressure or 100 psig, whichever is 
greater, for not less than 4 hours with no leaks.

END OF SECTION
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SECTION 15515
HYDRONIC SPECIALTIES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Air vents.

B. Control Valves

C. Strainers.

D. Relief valves.

1.2 RELATED SECTIONS

A. Section 15430 - Plumbing Specialties:  Backflow Preventers.

B. Section 15510 - Hydronic Piping.

1.3 SUBMITTALS

A. Section 15000: Submittal Procedures

B. Product Data:  Provide product data for manufactured products and assemblies 
required for this project.  Include component sizes, rough-in requirements, 
service sizes, and finishes.  Include product description, model.

1.4 PROJECT RECORD DOCUMENTS

A. Record actual locations of flow meters.

1.5 OPERATION AND MAINTENANCE DATA

A. Maintenance Data:  Include installation instructions, assembly views, lubrication 
instructions, and replacement parts list.

1.6 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing the Products specified in 
this section with minimum ten years experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for 
damage.

B. Provide temporary protective coating on cast iron and steel valves.

C. Provide temporary end caps and closures on piping and fittings.  Maintain in 
place until installation.
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D. Protect piping systems from entry of foreign materials by temporary covers, 
completing sections of the work, and isolating parts of completed system.

PART 2 PRODUCTS

2.1 AUTOMATIC AIR VENTS

A. Automatic Type:
1. Manufacturers:

a) Hoffman No. 78
b) Crane
c) Sarco

2. Cast brass body, copper, float, stainless steel valve and valve seat; 
suitable for system operating temperature and pressure; with isolating 
valve.  Pipe discharge to nearest floor drain or as directed.

2.2 AUTOMATIC FLOW CONTROL VALVES

A. Manufacturers:
1. Flow Design, Inc., Autoflow.

B. Design:
1. Factory set GPM for the automatic flow control valves, to automatically 

limit the rate of flow to within 5% of the specified amount.
2. Sizes: ½” – 2-1/2”: flow cartridge removable from the Y-body housing 

without the use of special tools to provide access for regulator 
changeout, inspection and cleaning with breaking the main piping. 
(Access similar to that provided for removal of a Y-strainer screen).

3. True operating ranges of 2 – 32 psid or 5 – 60 psid are required. The 
design flow should be achieved at the minimum psi differential. A 50% 
safety factor applied to the lower operating range is not acceptable.

4. Provide each valve with two P/T ports.
5. All automatic flow control devices supplied by a single source with 

certified flow tests witnessed by a professional engineer.
6. Five year product warranty and free first year cartridge exchange.

C. Construction:
1. Internal wear surfaces of the valve cartridge: electroless nickel or 

stainless steel.
2. Internal flow cartridge body: machined threads so the spring free height 

may be compensated for without the use of fixed shims. 
a) A crimped sheet metal design is not acceptable.

3. Internal flow cartridge permanently marked with the GPM and spring 
range. 

4. Sizes ½” through 2” – Air Handling Units: 
a) Brass Y-type body, integral brass body ball valve and ‘O’ ring type 

union. 
b) Shutoff capability: stainless steel full port ball in Teflon seats.
c) Flow Design Model AC or equal.

5. Sizes ½” - 2 ½” – Fan Coil Units: 
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a) Brass Y-type body, integral brass body ball valve and ‘O’ ring type 
union. 

b) Flow Design Model YR or equal.
6. Factory leak test at 100 psi air under water.
7. Minimum ratings:

a) ½” through 2” pipe size: 400 PSIG at 250 o F.
b) 2 ½” through 14” pipe size: 600 PSIG at 250 o F.

8. Tags:
a) Each valve shall have a tag attached to the valve with a chain or 

adhered to the valve handle indicated flow rate and pressure 
differential range of the valve.

2.3 COIL INLET STRAINERS

A. Manufacturer:
1. Flow Design Model YC

B. Install as indicated on the drawings. Refer to the drawings for all accessories 
and fittings.

C. Construction: Brass or bronze body with union on inlet. Two temperature and 
pressure test plugs on inlet.
1. Size ½” to 1”: Solder fittings.
2. Larger than 1”: Threaded (FPT) connections.

D. Hose end blow down valve with cap and chain.

E. 400 psig at 275 degrees F.

F. Valve: Stainless steel full port ball in Teflon seats.

2.4 SMALL COIL TEMPERATURE CONTROL VALVES

A. Manufacturer: Erie Poptop

B. Provide temperature control valves as specified and detailed for hot water unit 
heaters and fan coil units with chilled water coils and heating water coils.

C. Body:
1. Pressure rating: 300 psi
2. Material: Forged Brass
3. Stem: Nickel Plated
4. Seat: Brass
5. Paddle: Buna N (T)
6. Connection: Sweat

D. Style: three-way as indicated on the drawings.

E. Actuator:
1. Voltage: 24 volt, 60 Hz.
2. Spring return: Chilled Water – Normally closed, Heating Water, Normally 

open (to coil)
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3. Power Consumption: 6.5 watts

F. Sizing:
1. Size valves as required for minimal pressure drop.  
2. Submit valve selection for each coil.

G. Installation:
1. Install per manufacturer’s instruction

PART 3 EXECUTION

3.1 INSTALLATION

A. Install specialties in accordance with manufacturer's instructions.

B. Provide manual air vents at system high points and as indicated.

C. For automatic air vents in ceiling spaces or other concealed locations, provide 
vent tubing to nearest drain.

D. Provide valved drain and hose connection on strainer blow down connection.

END OF SECTION
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SECTION 15760
TERMINAL HEATING AND COOLING UNITS

PART 1  GENERAL

1.1 SUMMARY

A. Section includes fan coil units, blower coil units, and electric unit heaters.

1.2 REFERENCES

A. NFPS 70 – National Electrical Code.

1.3 SUBMITTALS

A. Provide submittals in accordance with Section 15000.

B. Shop Drawings: Indicate unit construction, unit performance, indicate mechanical 
and electrical service locations and requirements.

1.4 CLOSEOUT SUBMITTALS

A. Project Record Documents: Record actual locations of components.

B. Operation and Maintenance Data: Submit manufacturers descriptive literature, 
operating instructions, installation instructions, maintenance and repair data, and 
parts listings.

1.5 WARRANTY

A. Provide one year manufacturer’s warranty for units. 

PART 2 PRODUCTS

2.1 FAN COIL UNITS

A. Manufacturer:  
1. Airtherm, No Exceptions

B. Coils: Aluminum fins mechanically bonded to copper tubes. Furnish drain pan 
under cooling coil, easily removable for cleaning, with drain connection.
1. Hot water heating coil
2. Chilled water cooling coil

C. Cabinet: 
1. Galvanized steel with exposed corners and edges rounded, easily 

removed panels, glass fiber insulation.
2. Concealed horizontal units with duct flange supply collar and rear inlet 

duct flange return collar.

D. Finish: Factory apply baked enamel of custom color as selected by architect on 
visible surfaces of enclosure or cabinet.
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E. Fans: Centrifugal forward-curved double-width wheels, direct driven.

F. Motor: Totally enclosed, tap wound multiple speed permanent split capacitor with 
permanently lubricated sleeve bearings, resiliently mounted, with integral thermal 
overload and automatic reset.

G. Electrical: Provide with electric junction box mounted on unit, with internal wiring 
from all unit mounted electrical devices pre-wired to junction box.

H. Electronic Controls:
1. Provide fan coil units with factory mounted “Smart Box” electronic 

controller and electronic Honeywell digital thermostat for field installation.
2. Provide factory mounted 24 VAC control power transformer.

I. Temperature Control Valve:
1. Factory Mounted in coil outlet – heating and cooling coils
2. Erie Pop-Top, 24 VAC, three-way, spring return valve.

J. Flow Control Valve:
1. Factory Mounted in coil outlet
2. Refer to Section 15515

K. Factory wired disconnect switch.

L. Filter: Easily removed 1 inch thick glass fiber throw-away type.

M. Unions:
1. Factory Mounted in coil outlet and inlet
2. Flow-set UP with p/t ports

N. Refer to Schedule on Drawings for styles and sizes.

2.2 BLOWER COIL UNITS

A. Manufacturer:  
1. Magic Aire, No Exceptions.

B. General: 
1. Factory assembled, horizontal flow, draw-thru type blower coil unit 

suitable for concealed or exposed installation with four pipe configuration.
2. Units shall be complete with integral heating water coil, chilled water 

cooling coil, fan, motor, belt drive, double sloped IAQ drain pan, and filter 
bank.

C. Construction: 
1. Cabinet shall be galvanized steel, painted with baked on polyurethane 

based powder coating with textured finish.
2. Concealed horizontal units with duct flange supply collar and rear inlet 

duct flange return collar.

D. Insulation:
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1. Units shall be equipped with 1-in. thick, 1.5-lbs/ft3, Exact-O-Kote® IAQ 
insulation containing an EPA-registered immobilized antimicrobial agent 
tested in accordance with ASTM G21 and G22.  Physical Properties:
a) Temperature Limit:  250oF (121oC)
b) Fire Hazard Classification:  25/50 (per ASTM E 84 and UL 723 

and CAN/ULC S102-M88).  Meets NFPA 90A and 90B.
c) Maximum Air Velocity:  5,000 fpm (1,500 mpm). Exact-O-Kote® is 

tested at two and one-half times (12,500 fpm) (3,800 mpm) the 
maximum recommended service velocity. It meets the 
requirements of UL 181.

d) ASTM C 1071:  Exact-O-Kote® has been tested and conforms to 
the physical properties and requirements of ASTM C 1071.

E. Piping and Drain Pans:
1. Piping penetrations through the cabinet will be isolated with rubber/plastic 

grommets or bushings.
2. Drain pan will be serviceable from same end as Cooling Coil piping 

connections.
a) Type 304 stainless steel drain-pan shall be double-sloped for IAQ 

Type 304 stainless steel drain-pan, treated externally with 
antimicrobial/anti-condensation agent, with ¾-in FPT connection 
for use with 3/4-in x 3/4-in MPT adapter.

F. Fans:
1. Belt-driven, double-width fan wheels shall have forward-curved blades 

and be statically and dynamically balanced.
2. Fan drive shall consist of variable-pitch motor pulley, fixed-pitch fan pulley 

and V-belt.
3. Fans and scrolls shall be of galvanized steel.
4. Removable side panels shall be provided for access to the fan/motor 

assembly.

G. Coils:
1. Coils shall have a working pressure of 400 psig at 200 F
2. Aluminum fins bonded to the tubes by mechanical expansion

H. Motors:
1. Types: Fan motors shall be open, drip-proof, single-speed, 60 Hz, 1750 

rpm single or 3-phase, suitable for continuous duty at 104-deg F in 115, 
208, 230, or 277 volts (60 Hz). Three-phase motors are available in 208, 
230, 460 or 575 volts (60 Hz). Single-phase motors shall be provided with 
low-vibration, low-noise resilient mount.

2. Motor mounted on base with tension adjustment feature.
3. Motor bearings will be permanently lubricated type.
4. Motor mounting shall be mounted on same hand as cooling coil 

connections unless specified differently.

I. Drives:
1. Equip with variable pitch drive pulley, fixed diameter driven sheave and 

keyed shaft.
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J. Electronic Controls:
1. Units to be provided with motor start stop station (MSS) with 24v 

transformer, terminal strip and interlocking on-off switch with 
lockout/tagout capability.  Motors without thermal overload will have 
motor starters with overload protection included in the MSS.  Motors with 
thermal overload will have contactor or relay.  Unit to be ETL listed with 
the factory installed MSS.  MSS must be factory-installed.

K. Temperature Control Valve:
1. Factory Mounted in coil outlet – heating and cooling coils
2. Erie Pop-Top, 24 VAC, three-way, spring return valve.

L. Flow Control Valve:
1. Factory Mounted in coil outlet
2. Refer to Section 15515

M. Filter: Easily removed 2 inch thick MERV-8 pleated filters.

N. Unions:
1. Factory Mounted in coil outlet and inlet
2. Flow-set UP with p/t ports

O. Refer to Schedule on Drawings for styles and sizes.

2.3 ELECTRIC UNIT HEATERS 

A. Manufacturers: 
1. TPI
2. Berko
3. Markel

B. Construction:
1. Heavy gauge welded steel cabinet with powder coated finish and control 

compartment with a hinged and latched access door

C. Heating Elements: 
1. Circular copper clad steel sheath element with continuously brazed steel 

fins formed to match the air delivery pattern of the fan blade.

D. Overheat Protection:
1. Units shall be equipped with automatic resetting type limit controls to de-

energize the heater should an over-temperature situation occur.

E. Fan and Motor:
1. Totally enclosed, single phase, permanently lubricated, thermally 

protected motor with unit bearings mounted with rubber isolators to 
minimize vibration and noise.

2. Fan assembly shall be enclosed by a heavy gauge, close spaced, 
chrome plated wire guard.

F. Louver Assembly:
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1. Louvers shall be individually adjustable for directional control of airflow 
and the entire assembly shall be convertible for horizonal or downflow 
configuration.

G. Accessories:
1. Provide unit heaters with factory installed disconnect switch.
2. Provide unit heaters with factory installed 24V transformer and contactor.
3. Provide unit heaters with SPST thermostat kits.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install in accordance with manufacturer’s instructions.

B. Install equipment exposed to finished areas after walls and ceiling are finished 
and painted. Avoid damage.

C. Protect coils to prevent damage to fins. Comb out bent fins.  

D. Verify ductwork is ready for installation.

E. Verify concealed blocking and supports are in place and connections are 
correctly located.

F. Fan-Coil Units: Coordinate to assure correct recess size for recessed units.

G. Hydronic Units:
1. Supply Side: Install union with P/T ports
2. Return Side: Install union with P/T ports, temperature control valve and 

automatic flow control valve.

H. On water heating coils, and chilled water cooling coils, connect water supply 
piping to leaving airside of coil (counter flow arrangement). 

I. Install drain piping to condensate drain.

3.2 CLEANING

A. After construction is completed, including painting, clean exposed surfaces of 
units. Vacuum clean coils and inside of cabinets.

B. Touch-up marred or scratched surfaces of factory -finished cabinets, using finish 
materials furnished by manufacturer.

C. Install new filters.

END OF SECTION
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SECTION 15810
DUCTS

PART 1 GENERAL

1.1 SUMMARY

A. Section includes metal ductwork, nonmetallic ductwork, casing and plenums, 
kitchen hood ductwork, duct cleaning.

B. Related Sections:
1. Division 9 - Paints and Coatings: Execution requirements for Weld 

priming, weather resistant, paint or coating specified by this section.
2. Section 15060 – Hangers and Supports: Product requirements for  

hangers, supports and sleeves for placement by this section. 
3. Section 15080 – Mechanical Insulation: Product requirements for duct 

liner for placement by this section.

1.2 REFERENCES

A. ASTM A366 - Steel, Sheet, Carbon, Cold Rolled, Commercial Quality.

B. ASTM A568 - Steel, Sheet, Carbon, and High-Strength, Low-Alloy, Hot-Rolled 
and Cold-Rolled.

C. ASTM A569 - Steel, Carbon (0.15 Maximum, Percent), Hot-Rolled Sheet and 
Strip, Commercial Quality.

D. NFPA 90A (National Fire Protection Association) - Installation of Air Conditioning 
and Ventilating Systems.

E. NFPA 96 (National Fire Protection Association) - Installation of Equipment for the 
Removal of Smoke and Grease-Laden Vapors from Commercial  Cooking 
Equipment.

F. SMACNA (Sheet Metal Air Conditioning Contractors’ National Association) - 
HVAC Air Duct Leakage Test Manual.

G. SMACNA (Sheet Metal Air Conditioning Contractors’ National Association) - 
HVAC Duct Construction Standards - Metal and Flexible.

H. UL 181 (Underwriters Laboratories, Inc.) - Factory-Made Air Ducts and 
Connectors.

1.3 PERFORMANCE REQUIREMENTS

A. No variation of duct configuration or sizes other than those of equivalent or lower 
loss coefficient is permitted except by written permission. 

B. Size round ducts installed in place of rectangular ducts in accordance with 
ASHRAE table of equivalent rectangular and round ducts.
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1.4 SUBMITTALS

A. Section 15000: Submittal procedures.

B. Test Reports: Indicate pressure tests performed. Include date, section tested, 
test pressure, and leakage rate, following SMACNA HVAC Air Duct Leakage 
Test Manual.

1.5 CLOSEOUT SUBMITTALS

A. Project Record Documents: Record actual locations of ducts and duct fittings. 
Record changes in fitting location and type. Show additional fittings used.

1.6 QUALITY ASSURANCE

A. Perform Work in accordance with SMACNA - HVAC Duct Construction 
Standards - Metal and flexible.

1.7 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this 
section with minimum five years experience.

B. Installer: Company specializing in performing Work of  this section with minimum 
five years experience.

1.8 ENVIRONMENTAL REQUIREMENTS

A. Do not install duct sealant when temperatures are less than those recommended 
by sealant manufacturers.

B. Maintain temperatures during and after installation of duct sealant.

1.9 FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.

PART 2 PRODUCTS

2.1 DUCT MATERIALS

A. Galvanized Steel Ducts: G90 or better galvanized steel sheet, lock-forming 
quality (LFQ), chem treat.

B. Stainless Steel Ducts: ASTM A167, Type 316.

C. Fasteners: Rivets, bolts, or sheet metal screws.

2.2 DUCTWORK FABRICATION

A. Fabricate and support in accordance with SMACNA HVAC Duct Construction 
Standards - Metal and Flexible, and as indicated. 
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B. Provide duct material, gages, reinforcing, and sealing for operating pressures 
indicated.

C. All duct sizes indicated on the drawings are clear inside dimensions. Increase 
sheet metal size as required to accommodate duct liner where required. Refer to 
Section 15080.

D. Transverse duct joints: Refer to manufacturers guidelines for sheet gauge, 
intermediate reinforcement size and spacing and joint reinforcements.

1. TDC (T-25a) / TDF (T-25b) / T-24 joints are not acceptable for duct 
pressure classes over 2 in w.g. or duct sizes over 40 inches.

E. Make longitudinal seams with appropriate lock joint, sealed with mastic sealant.
1. Use Pittsburgh lock on fittings
2. Snaplock allowed on straight duct joints. Secure each end of joint with 

sheet metal screw.

F. Construct T's, bends, and elbows with minimum radius 1-1/2 times centerline 
duct width. Where not possible and where rectangular elbows are used, provide 
turning vanes. 
1. Harper double wall turning vanes fabricated from same material as duct.
2. Tab spacing in conformance with SMACNA Standard. Use all tabs.

G. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever 
possible; maximum 30 degrees divergence upstream of equipment and 45 
degrees convergence downstream.

H. Provide standard 45-degree lateral wye takeoffs unless otherwise indicated 
where 90-degree conical tee connections may be used.

I. All ductwork shall be minimally sealed as defined for a Class C sealant class, 
according to SMACNA Duct Construction Standards, regardless of actual 
pressure class. Class A and Class B sealant classes still apply to applicable 
pressure classes.

2.3 TRANSVERSE DUCT CONNECTION SYSTEM

A. Manufacturers:
1. Ductmate 

B. Application:
1. Ducts where either dimension is 30 inches or larger.

C. SMACNA "E" rated, SMACNA "F" rated or SMACNA "J" rated rigidity class 
connection, interlocking angle and duct edge connection system with sealant, 
gasket, cleats, and corner clips.
1. Gasket meets Mil-C 18969B, Type II Class B.
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2.4 INSULATED FLEXIBLE DUCTS:

A. UL 181, Class 1, aluminum laminate and polyester film with latex adhesive 
supported by helical wound spring steel wire; fiberglass insulation; polyethylene 
vapor barrier film.
1. Pressure Rating: 10 inches wg positive and 1.0 inches wg negative.
2. Maximum Velocity: 4000 fpm.
3. Temperature Range: -20 degrees F to 210 degrees F.

2.5 KITCHEN HOOD EXHAUST DUCTWORK

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - 
Metal and Flexible and NFPA 96.

B. Construct of 18 gage stainless steel, using continuous external welded joints.

2.6 SEALERS

A. Flexible water based adhesive sealant designed for use in all pressure duct 
systems.

B. UL Listed and conforming to ASTM E 84.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify sizes of equipment connections before fabricating transitions.

3.2 INSTALLATION 

A. Install and seal ducts in accordance with SMACNA HVAC Duct Construction 
Standards - Metal and Flexible.

B. During construction provide temporary closures of metal or taped polyethylene 
on open ductwork to prevent construction dust from entering ductwork system.

C. Use crimp joints with or without bead or beaded sleeve couplings for joining 
round duct sizes 8 inch and smaller. 

D. Use double nuts and lock washers on threaded rod supports.

E. Connect flexible ducts to metal ducts with draw bands plus adhesive.

F. Provide residue traps in kitchen hood exhaust ducts at base of vertical risers with 
provisions for clean out. Use stainless steel for ductwork exposed to view and 
stainless steel or carbon steel for ducts where concealed.

3.3 INTERFACE WITH OTHER PRODUCTS

A. Provide openings in ductwork where required to accommodate thermometers 
and controllers. Provide Pitot tube openings where required for testing of 
systems, complete with metal can with spring device or screw to ensure against 
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air leakage. Where openings are provided in insulated ductwork, install insulation 
material inside a metal ring.

B. Connect diffusers to low pressure ducts with three feet maximum length of  
flexible duct held in place with strap or clamp.

3.4 CLEANING

A. Clean duct systems with high power vacuum machines.  Protect equipment that 
may be harmed by excessive dirt with filters, or bypass during cleaning. Provide 
adequate access into ductwork for cleaning purposes.

3.5 DUCTWORK LEAKAGE TESTING

A. Test ductwork prior to installation of access doors, take-offs, and other taps.

B. All leak testing to be witnessed by the engineer. Provide 72 hours notice prior to 
testing.

C. Perform testing on first section of ductwork installed to verify quality of 
workmanship before majority of ductwork is installed.

D. Perform testing in accordance with HVAC Air Duct Leakage Test Manual.
1. Use a certified orifice tube for measuring leakage.
2. Define section of duct to be tested, blank off and seal.
3. Determine percentage of system being tested.
4. Determine allowable leakage (cfm) for the section being tested, in 

relation to the percentage of the duct being tested.
5. Pressurize to operating pressure and repair and significant or audible 

leak.
6. Re-pressurize and measure leakage.
7. Repeat until measured leakage is less than allowable leakage.

3.6 ALLOWABLE LEAKAGE

A. Constant Volume Systems
1. Supply Ductwork
2. Operating Pressure: 0-2 inches wg

a) Allowable leakage: 2 percent of design CFM

B. Return Ductwork
1. Allowable leakage: 2 percent of design CFM
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3.7 SCHEDULES
DUCTWORK MATERIAL SCHEDULE

AIR SYSTEM MATERIAL
Supply Galvanized Steel
Return Galvanized Steel
General Exhaust Galvanized Steel
Kitchen Hood Exhaust Stainless Steel
Outside Air Intake Galvanized Steel

DUCTWORK PRESSURE CLASS SCHEDULE
AIR SYSTEM PRESSURE CLASS

Supply 2 inch wg
Return 2 inch wg
General Exhaust 2 inch wg
Outside Air Intake 1 inch wg

END OF SECTION
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SECTION 15820
DUCT ACCESSORIES

PART 1  GENERAL

1.1 SUMMARY

A. Section includes volume control dampers, flexible duct connections, duct access 
doors, fire dampers, and duct test holes.

1.2 REFERENCES

A. NFPA 90A (National Fire Protection Association) - Installation of Air Conditioning 
and Ventilating Systems.

B. SMACNA (Sheet Metal Air Conditioning Contractors’ National Association) - 
HVAC Duct Construction Standards - Metal and Flexible.

1.3 SUBMITTALS

A. Section 15000: Submittal procedures.

B. Product Data: Submit data for shop fabricated assemblies including volume 
control dampers, duct access doors, duct test holes, and hardware used. Include 
electrical characteristics and connection requirements.

C. Manufacturer's Certificate: Certify that products meet or exceed specified 
requirements.

1.4 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing products specified in this 
section with minimum five years experience. 

1.5 DELIVERY, STORAGE, AND HANDLING

A. Protect dampers from damage to operating linkages and blades. 

1.6 FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.

PART 2 PRODUCTS

2.1 DUCT ACCESS DOORS

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - 
Metal and Flexible, and as indicated.

B. Fabrication:  Rigid and close fitting of galvanized steel with sealing gaskets and 
quick fastening locking devices.  For insulated ductwork, install minimum 1 inch 
thick insulation with sheet metal cover.
1. Up to 18 inches Square: Provide two hinges and two sash locks.
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2. Access panels with sheet metal screw fasteners are not acceptable.

2.2 FIRE DAMPERS

A. Manufacturers:  
1. Ruskin: 

a) Rectangular ducts at wall penetration – Model DIBD2 Style B

B. Substitutions: Approved equal dampers by;
1. Pottorff
2. United Air

C. Construction:
1. Provide in accordance with NFPA 90A and UL 555, and manufacturer’s 

condition of listing. Dampers shall be permanently marked for use in 
dynamic systems.

2. Designed to operate with blade running horizontally, approved for vertical 
or horizontal mounting.

3. 20 gage steel retaining plate
4. 20 gage galvanized steel frame
5. two piece equivalent 14 gauge blade.
6. Stainless steel bearings
7. Fusible Links: UL 33, separate at 165 degrees F

D. Picture Frame Mounting Angles:
1. One-piece, roll formed retaining angles 1-1/2 x 1-1/2 inches 
2. Factory matched and shipped on individual damper.
3. Factory prepunched screw holes. 
4. Requires factory sleeve.

2.3 VOLUME CONTROL DAMPERS

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - 
Metal and Flexible, and as indicated.

B. Rectangular Manual Damper:  Ruskin MD15 
1. Up to 36 inches x 12 inches: 22 gage galvanized steel frame, 22 gage 

galvanized steel blade with center V groove for reinforcement, 3/8 inch 
square shaft, with molded synthetic bearings and 2 inch stand off 
bracket.

C. Round In-Line Butterfly dampers: Flexmaster or Buckley
1. Flexmaster Model SLB03 manual damper.
2. Constructed of 26 ga. G-90 galvanized steel with 3/8 inch square shaft 

and nylon bushings. 
3. Overall length – 7 inches
4. Round outlet fabricated with rolled stiffener bead for strength. 
5. Provide with 2 inch stand-off brackets and locking hand quadrant.

D. Round Runout Balancing Dampers: 
1. Equal to Flexmaster STOD dampers with insulation build out brackets. 
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2. Constructed of 26 ga. G-90 galvanized steel with 3/8 inch square shaft 
and nylon bushings. 

3. Round outlet fabricated with rolled stiffener bead for strength. 
4. Provide with 2 inch stand-off brackets and locking hand quadrant.

E. Quadrants:
1. Provide locking, indicating quadrant regulators on single and multi-blade 

dampers.
2. On insulated ducts mount quadrant regulators on standoff mounting 

brackets, bases, or adapters.

F. Concealed Damper Operators:
1. On ducts behind non-removable ceilings or furrings, or other construction 

that is not easily removable to permit access to the ducts, provide 
devices equal to Young Regulator Co. 927C miter gear with 315 
concealed regulator.  

2.4 FLEXIBLE DUCT CONNECTIONS

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - 
Metal and Flexible, and as indicated.

B. Connector:  Fabric crimped into metal edging strip.
1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric 

conforming to NFPA 90A, minimum density 30 oz per sq yd.
2. Net Fabric Width: Approximately 6 inches wide.
3. Metal: 3 inch, 24 gage galvanized steel 

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify rated walls are ready for fire damper installation.

B. Verify ducts and equipment installation are ready for accessories.

3.2 APPLICATION

A. Provide and install a manual balancing damper in every runout to individual 
diffusers.

3.3 INSTALLATION.

A. Install in accordance with NFPA 90A and follow SMACNA HVAC Duct 
Construction Standards - Metal and Flexible. Refer to Section 15810 for duct 
construction and pressure class.

B. Install manual balancing dampers in round duct runouts with shaft horizontal, 
parallel with air stream.
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C. Install duct access doors for inspection at fire dampers, and elsewhere as 
indicated. Provide minimum 8x8 inch size for hand access, 18x18 inch size for 
shoulder access, and as indicated. Review locations prior to fabrication.

D. Provide fire dampers at locations indicated on contract drawings. Install with 
required perimeter mounting angles, sleeves, breakaway duct connections, 
corrosion resistant springs, bearings, bushings, and hinges.

E. Provide duct test holes where indicated and required for testing and balancing 
purposes.

3.4 DEMONSTRATION AND TRAINING

A. Demonstrate re-setting of fire dampers to Owner's representative.

END OF SECTION
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SECTION 15830
FANS

PART 1  GENERAL

1.1 SUMMARY

A. Section includes energy recovery ventilator.

1.2 REFERENCES

A. ABMA STD 9 (American Boiler Manufacturers Association) - Load Ratings and 
Fatigue Life for Ball Bearings.

B. ABMA STD 11 (American Boiler Manufacturers Association) - Load Ratings and 
Fatigue Life for Roller Bearings.

C. AMCA 99 (Air Movement and Control Association) - Standards Handbook.

D. AMCA 210 (Air Movement and Control Association) - Laboratory Methods of 
Testing Fans for Rating.

E. AMCA 300 (Air Movement and Control Association) - Reverberant Room Method 
for Sound Testing of Fans.

F. AMCA 301 (Air Movement and Control Association) - Methods for Calculating 
Fan Sound Ratings from Laboratory Test Data.

G. NEMA MG1 (National Electrical Manufacturers Association) - Motors and 
Generators.

1.3 SUBMITTALS

A. Section 15000: Submittal procedures.

B. Shop Drawings: Indicate size and configuration of fan assembly, mountings, 
weights, ductwork and accessory connections.

C. Product Data: Submit data on all fans and accessories including fan curves with 
specified operating point clearly plotted, power, RPM, sound power levels for 
both fan inlet and outlet at rated capacity, and electrical characteristics and 
connection requirements.

D. Test Reports: Indicate performance data for adjustable axial fan blades for at 
least five blade settings, including maximum.

E. Manufacturer's Installation Instructions: Submit fan manufacturer’s instructions.

F. Manufacturer's Certificate: Certify that products meet or exceed specified 
requirements.
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1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: Submit instructions for lubrication, motor and 
drive replacement, spare parts list, and wiring diagrams.

1.5 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing products specified in this 
section with minimum three years experience. 

B. Installer:  Company specializing in performing Work of  this section with minimum 
three years experience.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Protect motors, shafts, and bearings from weather and construction dust.

1.7 ENVIRONMENTAL REQUIREMENTS

A. Do not operate fans for any purpose until ductwork is clean, filters in place, 
bearings lubricated, and fan has been test run under observation.

1.8 FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.

1.9 WARRANTY

A. Provide one year manufacturer warranty for energy recovery ventilator.

PART 2 PRODUCTS

2.1 Energy Recovery Ventilator 

A. Manufacturers:  
1. Loren Cook, No exceptions 

B. Product Requirements:
1. Performance Ratings: Unit shall be ARI certified in accordance with the 

ARI Air-to-Air Energy Recovery Ventilation Equipment Certification 
Program and shall bear the AMCA Certified Ratings Seal for Air 
Performance.

2. Fabrication:  Unit shall be manufactured at an ISO 9001 certified facility.
3. UL Compliance: Unit shall be listed by Underwriters Laboratories (UL 

1812) and UL listed for Canada (cUL 1812).

C. Housing: 
1. Construction of the fan housing is shall be 18 gauge galvanized steel 

bolted to a minimum 16 gauge galvanized steel base with integral lifting 
lugs.

2. Unit shall be provided with insulated top, side and interior panels utilizing 
1” thick, three pound density foil faced insulation.
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3. Energy recovery wheel shall be mounted in a slide track for easy 
inspection and cleaning.

4. Separate blower and motor shall be provided for supply and exhaust 
airstream for independent system balancing.

D. Fan:
1. Wheel shall be DWDI centrifugal forward curved type, constructed of 

painted steel.
2. Wheel shall be balanced in accordance with AMCA Standard 204-96, 

Balance Quality and Vibration Levels for Fans.  

E. Motor and Drive:
1. Motors: Nema design B with class B insulation rated for continuous duty. 

Drives: Precision machined cast iron type, keyed and securely attached 
to the wheel and motor shafts. Drives shall be sized for 150 percent of 
the installed motor horsepower. The variable pitch motor drive shall be 
factory set to the specified fan RPM.

2. Drive belts: oil and heat resistant, non-static, non-static conducting type.
3. Bearings: permanently lubricated, sealed ball type selected for a 

minimum L50 life in excess of 200,000 hours at maximum cataloged 
operating speed.  

4. The complete drive assembly shall be mounted on rubber vibration 
isolation.

F. Energy wheel:
1. Wheel shall be a total energy recovery wheel constructed of fluted 

synthetic fiber-based media impregnated with a non-migrating  water 
selective 4 angstrom molecular sieve desiccant.

2. Wheels with the desiccant applied in a secondary operation will not be 
accepted.

G. Electrical:
1. All internal electrical components shall be pre-wired for single point power 

connection.
2. Internal control panel shall be UL listed with hinged access door and 

interlocking NEMA 3R disconnect switch.
3. Each motor shall have a motor starter combination providing fuseless 

disconnect, over-current, overload and motor starting functions.
4. A 24 volt control circuit shall be provided to allow remote on/off control of 

ERV by building control system.

PART 3  EXECUTION

3.1 INSTALLATION

A. Suspend energy recovery ventilator from structure using all-thread rod and 
neoprene isolators.

B. Install flexible connections between inlet and discharge ductwork connections.  
Ensure metal bands of connectors are parallel with minimum one inch flex 
between ductwork and fan while running.
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C. Provide sheaves required for final air balance.

D. Do not operate energy recovery ventilator in normal operation until ductwork is 
clean, filters are in place, bearings are lubricated, and fan has been test run 
under observation.

END OF SECTION
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SECTION 15850
AIR OUTLETS AND INLETS

PART 1  GENERAL

1.1 SUMMARY

A. Section includes diffusers, registers/grilles.

1.2 REFERENCES

A. ADC 1062 (Air Diffusion Council) - Certification, Rating and Test Manual.

B. AMCA 500 (Air Movement and Control Association) - Test Method for Louvers, 
Dampers and Shutters.

C. ASHRAE 70 (American Society of Heating, Refrigerating and Air Conditioning 
Engineers) - Method of Testing for Rating the Airflow Performance of Outlets 
and Inlets.

D. SMACNA (Sheet Metal and Air Conditioning Contractors’ National Association) - 
HVAC Duct Construction Standard - Metal and Flexible.

1.3 SUBMITTALS

A. Section 15000 - Submittal Procedures.

B. Product Data: Submit data outlets and inlets sizes, finish, and type of mounting 
prior to submission.  Submit schedule of outlets and inlets showing type, size, 
location, application, and noise level.

C. Manufacturer's Certificate: Certify that products meet or exceed specified 
requirements.

1.4 QUALIFICATIONS

A. Manufacturer:  Company specializing in manufacturing products specified in this 
section with minimum three years experience

PART 2 PRODUCTS

2.1 AIR DISTRIBUTION DEVICES

A. Manufacturers
1. Price Industries
2. Titus
3. Ruskin
4. Metalaire
5. Kruegar

B. General: Except as otherwise indicated, provide manufacturer's standard ceiling 
air diffusers where shown; of size, shape, capacity and type indicated; 
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constructed of materials and components as indicated, and as required for 
complete installation.

C. Performance: Provide ceiling air diffusers that have, as minimum, temperature 
and velocity traverses and throw and pressure drop, and noise criteria ratings for 
each size device as listed in manufacturer's current data in accordance with ARI 
Standards.

D. Ceiling Compatibility:  Provide diffusers with border styles that are specifically 
manufactured to fit into ceiling module with accurate fit and adequate support.  
Refer to general construction drawings and specifications for types of ceiling 
systems which will contain each type of ceiling air diffuser.  Field verify existing 
conditions and ceiling type for renovation work that does not require complete 
ceiling replacement.

E. Types:  Provide ceiling diffusers of type, capacity, performance and with 
accessories and finishes as listed on Air Distribution Schedule, or approved 
equal.

F. RECTANGULAR CEILING DIFFUSERS
1. Type:  Square and rectangular, multi-louvered diffuser to discharge air in 

pattern as indicated on drawings.
2. Frame:  Inverted T-bar type.  In plaster ceilings, provide plaster frame 

and ceiling frame.
3. Fabrication:  Steel with baked enamel off-white finish.

G. SIDEWALL GRILLES
1. Type:  Streamlined blades, 3/4 inch minimum depth, 1/2 inch maximum 

spacing, horizontal face.
2. Frame:  1-1/4 inch margin with countersunk screw mounting.
3. Fabrication:  Steel with 20 gage minimum frames and 22 gage minimum 

blades, with factory off-white enamel finish.

H. CEILING GRID CORE EXHAUST AND RETURN REGISTERS/GRILLES
1. Type:  Fixed grilles of 1/2 x 1/2 x 1/2 inch louvers.
2. Frame:  1-1/4 inch margin with Channel lay-in frame for suspended grid 

ceilings.  In plaster ceilings, provide plaster frame and ceiling frame.

I. FILTERED CEILING GRID CORE RETURN GRILLES
1. Type:  Fixed grilles of 1/2 x 1/2 x 1/2 inch louvers.
2. Filter frame:  Hinge-tab mechanism to allow removal of 2 inch filter 

media. Unit shall be complete with ¼ turn quick release fasteners.

J. CEILING SLOT DIFFUSERS
1. Type:  Continuous 1 inch wide slot, two slots wide, with adjustable vanes 

for left, right or vertical discharge.
2. Fabrication:  Steel with factory off-white enamel finish.
3. Frame:  1/1/4 inch margin with concealed mounting and gasket end cap. 

Provide with torx security screws.
4. Plenum:  Integral, galvanized steel, insulated.
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2.2 ROOF HOODS

A. Manufacturers:
1. Loren Cook 
2. Twin City Fans
3. Greenheck

B. General:
1. Make hood outlet area minimum of twice throat area.
2. Fabricate air inlet or exhaust hoods in accordance with SMACNA HVAC 

Duct Construction Standards - Metal and Flexible.
3. Fabricate of reinforced galvanized steel, minimum 16 gage base and 20 

gage hood, or aluminum, minimum 16 gage base and 18 gage18 gage 
hood. 

4. Removable hood; bird screen with 1/2 inch square mesh

C. Roof Curb:
1. Roof Curb:  13-1/2 inch galvanized steel with continuously welded seams, 

built-in cant strips, one inch insulation and curb bottom and factory 
installed nailer strip.

2. Roof curb shall be fabricated to match the slope and style of roof.
a) Contractor shall field verify prior to ordering.

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify inlet/outlet locations.

B. Verify ceiling and wall systems are ready for installation.

3.2 INSTALLATION

A. Install diffusers to ductwork with airtight connection.

B. Provide rigid elbows at inlet of round neck diffusers. Do not connect 

flexible duct directly to diffusers.

C. Install return air duct directly over return air grilles. Plenums on top of return air 
grilles not less than 6 inches before transition to return duct connection.

D. Provide balancing dampers on duct take-off to diffusers, grilles  and registers.

E. Paint all exposed sheet metal, including duct liner fasteners visible behind air 
outlets and inlets matte black.

3.3 INTERFACE WITH OTHER PRODUCTS

A. Check location of outlets and inlets and make necessary adjustments in position 
to conform to architectural features, symmetry, and lighting arrangement.

END OF SECTION
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SECTION 15910
DIRECT DIGITAL CONTROLS

PART 1 GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section.

1.2 SUMMARY

A. This Section includes the Building Management System (BMS) equipment for 
HVAC systems and components

B. Manufacturers: 
1. Invensys Building Systems
2. Johnson Controls 
3. Andover Continuum

1.3 SCOPE OF WORK

A. The Contractor shall furnish and install a complete building automation system 
including all necessary hardware and all operating and applications software 
necessary to perform the control sequences of operation as called for in this 
specification.  System shall be expandable for future building expansion.  All 
components of the system – application controllers, unitary controllers, etc. shall 
communicate using the BACnet protocol, as defined by ASHRAE Standard 135-
2007.  No gateways shall be used for communication to controllers furnished 
under this section. At a minimum, provide controls for the following:
1. (1) Existing Single Stage Gas Fired Boiler
2. (2) Existing Heating Water Pumps
3. (1) Existing 70 Ton Air Cooled Chiller - Constant volume
4. (1) Existing Chilled Water Pump
5. (3) Blower Coil Units – Control Wiring Only
6. (5) Fan Coil Units – Control Wiring Only
7. Domestic Hot Water Monitoring
8. Elevator Sump Pump Monitoring

B. Except as otherwise noted, the control system shall consist of all necessary 
Ethernet Network Controllers, Standalone Digital Control Units, software, 
sensors, transducers, relays, control panels, and other accessory equipment, 
along with a complete system of electrical interlocking wiring to fill the intent of 
the specification and provide for a complete and operable system.  Except as 
otherwise specified, provide operators for equipment such as dampers if the 
equipment manufacturer does not provide these.  Coordinate requirements with 
the various Contractors.

C. The BAS contractor shall review and study all HVAC drawings and the entire 
specification to familiarize themselves with the equipment and system operation 
and to verify the quantities and types of dampers, operators, alarms, etc. to be 
provided.
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D. All interlocking wiring, wiring and installation of control devices associated with 
the equipment listed below shall be provided under this Contract.  When the BAS 
system is fully installed and operational, the BAS Contractor and representatives 
of the Owner will review and check out the system – see System Acceptance and 
Testing section of this document.  At that time, the BAS contractor shall 
demonstrate the operation of the system and prove that it complies with the 
intent of the drawings and specifications.

E. Provide services and manpower necessary for commissioning of the system in 
coordination with the HVAC Contractor, Balancing Contractor and Owner’s 
representative.

F. All work performed under this section of the specifications will comply with all 
governing codes, laws and governing bodies.  If the drawings and/or 
specifications are in conflict with governing codes, the Contractor, with guidance 
from the engineer, shall submit a proposal with appropriate modifications to the 
project to meet code restrictions.  If this specification and associated drawings 
exceed governing code requirements, the specification will govern.  The 
Contractor shall obtain and pay for all necessary construction permits and 
licenses.

1.4 SYSTEM DESCRIPTION

A. In accordance to the scope of work, the system shall also provide a graphical, 
web-based, operator interface that allows for instant access to any system 
through a standard browser.

B. For this project, the system shall consist of the following components:
1. Web-Based Operator Workstations:  The BAS Contractor shall furnish 

licenses for web connection to the BAS system. Web-based users shall 
have access to all system points and graphics, shall be able to receive 
and acknowledge alarms, and shall be able to control setpoints and other 
parameters. All engineering work, such as trends, reports, graphics, etc. 
that are accomplished from the WorkStation shall be available for viewing 
through the web browser interface without additional changes.  The web-
based interface must conform to the B-OWS BACnet device profile. There 
will be no need for any additional computer based hardware to support 
the web-based user interface.

C. The Local Area Network (LAN) shall be either a 10 or 100 Mpbs Ethernet 
network supporting BACnet, Modbus, Java, XML, HTTP, and CORBA IIOP for 
maximum flexibility for integration of building data with enterprise information 
systems and providing support for multiple Network Server Controllers (NSCs), 
user workstations and a local host computer system. 

D. The Enterprise Ethernet (IEEE 802.3) LAN shall utilize Carrier Sense 
Multiple/Access/Collision Detect (CSMA/CD), Address Resolution Protocol (ARP) 
and User Datagram Protocol (UDP) operating at 10 or 100 Mbps. 

E. The system shall enable an open architecture that utilizes ANSI / ASHRAE™ 
Standard 135-2007, BACnet functionality to assure interoperability between all 
system components. Native support for the ANSI / ASHRAE™ Standard 135-
2007, BACnet protocol are required to assure that the project is fully supported 
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by the HVAC open protocols to reduce future building maintenance, upgrade, 
and expansion costs.  

F. The system shall enable an architecture that utilizes a MS/TP selectable 9.6-76.8 
KBaud protocol, as the common communication protocol between all controllers 
and integral ANSI / ASHRAE™ Standard 135-2008, BACnet functionality to 
assure interoperability between all system components.   The AAC shall be 
capable of communicating as a MS/TP device or as a BACnet IP device 
communicating at 10/100 Mbps on a TCP/IP trunk.  The ANSI / ASHRAE™ 
Standard 135-2008, BACnet protocol is required to assure that the project is fully 
supported by the leading HVAC open protocol to reduce future building 
maintenance, upgrade, and expansion costs.

G. The software tools required for network management of the BACnet protocol 
must be provided with the system. Drawings are diagrammatic only. Equipment 
and labor not specifically referred to herein or on the plans and are required to 
meet the functional intent, shall be provided without additional cost to the Owner. 
Minimum BACnet compliance is Level 4; with the ability to support data read and 
write functionality.  Physical connection of BACnet devices shall be via Ethernet 
IP or MS/TP.  

H. The system shall support Modbus TCP and RTU protocols natively, and not 
require the use of gateways.  

I. Complete temperature control system to be DDC with electronic sensors and 
electronic/electric actuation of Mechanical Equipment Room (MER) valves and 
dampers and electronic actuation of terminal equipment valves and actuators as 
specified herein. The BMS is intended to seamlessly connect devices throughout 
the building regardless of subsystem type, i.e. variable frequency drives, low 
voltage lighting systems, electrical circuit breakers, power metering and card 
access should easily coexist on the same network channel.
1. The supplied system must incorporate the ability to access all data using 

Java enabled browsers without requiring proprietary operator interface 
and configuration programs. 

2. Data shall reside on a supplier-installed server for all database access.
3. A hierarchical topology is required to assure reasonable system response 

times and to manage the flow and sharing of data without unduly 
burdening the customer’s internal Intranet network.

J. All work described in this section shall be installed, wired, circuit tested and 
calibrated by factory certified technicians qualified for this work and in the regular 
employment of the approved manufacturer's local field office. The approved 
manufacturer's local field office shall have a minimum of 3 years of installation 
experience with the manufacturer and shall provide documentation in the bid and 
submittal package verifying longevity of the installing company's relationship with 
the manufacturer when requested.  Supervision, hardware and software 
engineering, calibration and checkout of the system shall be by the employees of 
the approved manufacturer's local field office and shall not be subcontracted.  
The control contractor shall have an in place support facility within 100 miles of 
the site with factory certified technicians and engineers, spare parts inventory 
and all necessary test and diagnostic equipment for the installed system, and the 
control contractor shall have 24 hours/day, 7 days/week emergency service 
available.
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K. Provide the Commissioning, configuration and diagnostic tool (CCDT), color 
display personnel computer, software, and interfaces to provide 
uploading/downloading of High Point Count Controllers (AAC), Unitary 
Equipment Controllers (UEC) and VAV controllers (VAVDDC) monitoring all 
BACnet objects, monitoring overrides of all controller physical input/output points, 
and editing of controller resident time schedules. 

1.5 SUBMITTALS

A. All shop drawings shall be prepared in Visio Professional or AutoCAD software.  
In addition to the drawings, the Contractor shall furnish a CD containing the 
identical information if required.  Drawings shall be B size or larger. 

B. Shop drawings shall include a riser diagram depicting locations of all controllers 
and workstations, with associated network wiring.  Also included shall be 
individual schematics of each mechanical system showing all connected points 
with reference to their associated controller. Typical will be allowed where 
appropriate. 

C. Submittal data shall contain manufacturer's data on all hardware and software 
products required by the specification.  Valve, damper and air flow station 
schedules shall indicate size, configuration, capacity and location of all 
equipment. 

D. Software submittals shall contain narrative descriptions of sequences of 
operation, program listings, point lists, and a complete description of the 
graphics, reports, alarms and configuration to be furnished with the workstation 
software.  Information shall be bound or in a three ring binder with an index and 
tabs. Diagrams shall be on 11” by 17” foldouts.  If color has been used to 
differentiate information, the printed copies shall be in color.

E. Submit five (5) copies of submittal data and shop drawings to the Engineer for 
review prior to ordering or fabrication of the equipment.  The Contractor, prior to 
submitting, shall check all documents for accuracy. 

F. The Engineer will make corrections, if required, and return to the Contractor. The 
Contractor will then resubmit with the corrected or additional data.  This 
procedure shall be repeated until all corrections are made to the satisfaction of 
the Engineer and the submittals are fully approved.

G. The following is a list of post construction submittals that shall be updated to 
reflect any changes during construction and re-submitted as “As-Built”.
1. System architecture drawing.
2. Layout drawing for each control panel
3. Wiring diagram for individual components
4. System flow diagram for each controlled system
5. Instrumentation list for each controlled system
6. Sequence of control
7. Binding map
8. Operation and Maintenance Manuals

H. Information common to the entire system shall be provided.  This shall include 
but not be limited to the following:
1. Product manuals for the key software tasks.
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2. Operating the system.
3. Administrating the system.
4. Engineering the operator workstation.
5. Application programming.
6. Engineering the network.
7. Setting up the web server.
8. Report creation.
9. Graphics creation.
10. All other engineering tasks.
11. System Architecture Diagram.
12. List of recommended maintenance tasks associated with the system 

servers, operator workstations, data servers, web servers and web 
clients.

13. Define the task.
14. Recommend a frequency for the task.
15. Reference the product manual that includes instructions on executing the 

task.
16. Names, addresses, and telephone numbers of installing contractors and 

service representatives for equipment and control systems.
17. Licenses, guarantees, and warranty documents for equipment and 

systems.
18. Submit one copy for each building, plus two extra copies.

I. Information common to the systems in a single building shall be provided.
1. System architecture diagram for components within the building 

annotated with specific location information.
2. As-built drawing for each control panel.
3. As-built wiring design diagram for all components.
4. Installation design details for each I/O device.
5. As-built system flow diagram for each system.
6. Sequence of control for each system.
7. Binding map for the building.
8. Product data sheet for each component.
9. Installation data sheet for each component.
10. Submit two copies for each building and two extra copies.

1.6 QUALITY ASSURANCE

A. Each point in the system shall be tested for both hardware and software 
functionality.  In addition, each mechanical and electrical system under control of 
the BAS will be tested against the appropriate sequence of operation specified 
herein.  Successful completion of the system test shall constitute the beginning of 
the warranty period. A written report will be submitted to the owner indicating that 
the installed system functions in accordance with the plans and specifications.

B. The BAS contractor shall commission and set in operating condition all major 
equipment and systems, such as the chilled water and hot water systems, in the 
presence of the equipment manufacturer’s representatives, as applicable, and 
the Owner and Architect’s representatives.  

C. The BAS Contractor shall provide a technician for manpower and engineering 
services required to assist the HVAC Contractor and Balancing Contractor in 
testing, adjusting, and balancing all systems in the building.  The BAS Contractor 
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shall coordinate all requirements to provide a complete air balance with the 
Balancing Contractor and shall include all labor and materials in his contract.

D. Startup Testing shall be performed for each task on the startup test checklist, 
which shall be initialed by the technician and dated upon test was completion 
along with any recorded data such as voltages, offsets or tuning parameters.  
Any deviations from the submitted installation plan shall also be recorded.

E. Required elements of the startup testing include:
1. Measurement of voltage sources, primary and secondary 
2. Verification of proper controller power wiring.
3. Verification of component inventory when compared to the submittals.
4. Verification of labeling on components and wiring.
5. Verification of connection integrity and quality (loose strands and tight 

connections).
6. Verification of bus topology, grounding of shields and installation of 

termination devices.
7. Verification of point checkout.
8. Each I/O device is landed per the submittals and functions per the 

sequence of control.
9. Analog sensors are properly scaled and a value is reported
10. Binary sensors have the correct normal position and the state is correctly 

reported.
11. Analog outputs have the correct normal position and move full stroke 

when so commanded.
12. Binary outputs have the correct normal state and respond appropriately to 

energize/de-energize commands.
13. Documentation of analog sensor calibration (measured value, reported 

value and calculated offset).
14. Documentation of Loop tuning (sample rate, gain and integral time 

constant).

F. A performance verification test shall also be completed for the operator 
interaction with the system.  Test elements shall be written to require the 
verification of all operator interaction tasks including, but not limited to the 
following.
1. Graphics navigation.
2. Trend data collection and presentation.
3. Alarm handling, acknowledgement and routing.
4. Time schedule editing.
5. Application parameter adjustment.
6. Manual control.
7. Report execution.
8. Automatic backups.
9. Web Client access.

G. A Startup Testing Report and a Performance Verification Testing Report shall be 
provided upon test completion if required by contract documents.
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1.7 DELIVERY, STORAGE AND HANDLING

A. Factory-Mounted Components:  Where control devices specified in this Section 
are indicated to be factory mounted on equipment, arrange for shipping of control 
devices to unit manufacturer.

1.8 COORDINATION

A. Coordinate supply of conditioned electrical circuits for control units and operator 
workstation.

B. Coordinate with the Owner's IT department on locations for UNC's, Ethernet 
communication cabling and TCP/IP addresses.

1.9 WARRANTY AND MAINTENANCE

A. All components, system software, and parts furnished and installed by the BMS 
contractor shall be guaranteed against defects in materials and workmanship for 
1 year of substantial completion.  Labor to repair, reprogram, or replace these 
components shall be furnished by the BMS contractor at no charge during normal 
working hours during the warranty period. Materials furnished but not installed by 
the BMS contractor shall be covered to the extent of the product only. Installation 
labor shall be the responsibility of the trade contractor performing the installation. 
All corrective software modifications made during warranty periods shall be 
updated on all user documentation and on user and manufacturer archived 
software disks.  The Contractor shall respond to the owner's request for warranty 
service within 24 standard working hours.

1.10 TRAINING

A. The BAS Contractor shall provide both on-site and classroom training to the 
Owner’s representative and maintenance personnel per the following description:

B. On-site training shall consist of a minimum of (40) hours of hands-on instruction 
geared at the operation and maintenance of the systems.  The curriculum shall 
include:
1. System Overview
2. System Software and Operation
3. System access
4. Software features overview
5. Changing setpoints and other attributes
6. Scheduling
7. Editing programmed variables
8. Displaying color graphics
9. Running reports
10. Workstation maintenance
11. Viewing application programming
12. Operational sequences including start-up, shutdown, adjusting and 

balancing.
13. Equipment maintenance.

C. Factory, classroom training will include a minimum of (2) training reservation for a 
3 day course with material covering workstation operation tuition free with travel 
expense responsibility of the owner.  The option for 2-3 weeks of system 
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engineering and controller programming shall be possible if necessary and 
desired.

1.11 OWNERSHIP OF PROPRIETARY MATERIAL

A. The Owner shall retain licenses to software for this project.

B. The Owner shall sign a copy of the manufacturer’s standard software and 
firmware licensing agreement as a condition off this contractor.  Such license 
shall grant use of all programs and application software to the Owner as defined 
by the manufacturer’s license agreement, but shall protect the manufacturer’s 
rights to disclosure of Trade Secrets contained within such software.

C. The licensing agreement shall not preclude the use of the software by individuals 
under contract to the owner for commissioning, servicing or altering the system in 
the future.  Use of the software by individuals under contract to the owner shall 
be restricted to use on the owner’s computers and only for the purpose of 
commissioning, servicing, or altering the installed system.

D. All project developed software, files and documentation shall become the 
property of the Owner.  These include but are not limited to:
1. Server and workstation software
2. Application programming tools
3. Configuration tools
4. Network diagnostic tools
5. Addressing tools
6. Application files
7. Configuration files
8. Graphic files
9. Report files
10. Graphic symbol libraries
11. All documentation

PART 2 PRODUCTS

2.1 SYSTEM ARCHITECTURE

A. General:
1. The Building Automation System (BAS) shall consist of Network 

Server/Controllers (NSCs), a family of Standalone Digital Control Units 
(SDCUs), Administration and Programming Workstations (APWs), and 
Web-based Operator Workstations (WOWs). The BAS shall provide 
control, alarm detection, scheduling, reporting and information 
management for the entire facility, and Wide Area Network (WAN) if 
applicable. 

2. An Enterprise Level BAS shall consist of an Enterprise Server, which 
enables multiple NSCs (including all graphics, alarms, schedules, trends, 
programming, and configuration) to be accessible from a single 
Workstation simultaneously for operations and engineering tasks.  

3. For Enterprise reporting capability and robust reporting capability outside 
of the trend chart and listing ability of the Workstation, a Reports Server 
shall be installed on a Microsoft Windows based computer. The Reports 
Server can be installed on the same computer as the Enterprise Server.
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4. The system shall be designed with a top-level 10/100bT Ethernet 
network, using the BACnet/IP protocol. All protocols shall be native to the 
NSCs.  There shall not be a need to provide multiple NSCs to support all 
the network protocols, nor should there be a need to supply additional 
software to allow all three protocols to be natively supported.    A sub-
network of SDCUs using the BACnet MS/TP RTU protocol shall connect 
the local, stand-alone controllers with Ethernet-level Network Server 
Controllers/IP Routers.

B. TCP/IP Level:
1. The TCP/IP layer connects all of the buildings on a single Wide Area 

Network (WAN) isolated behind the campus firewall.  Fixed IP addresses 
for connections to the campus WAN shall be used for each device that 
connects to the WAN.  

C. Fieldbus Level with Standalone Digital Control Units (SDCUs):
1. The fieldbus layer shall be support all of the following types of SDCUs:

a) BACnet SDCU requirements: The system shall consist of one or 
more BACnet MS/TP field buses managed by the Network Server 
Controller. Minimum speed shall be 76.8kbps. The field bus layer 
consists of an RS485, token passing bus that supports up to 50 
Standalone Digital Control Units (SDCUs) for operation of HVAC 
and lighting equipment. These devices shall conform to BACnet 
standard 135-2007

b) NETWORK 8000 SDCU requirements:  The system shall consist 
of one or more ASD or LCM field buses managed by the Network 
Server Controller.  The field bus layer shall consist of up to 128 
ASD SDCUs or 31 LCM SDCUs for operation of HVAC, power 
metering, and lighting equipment.

c) I/NET SDCU requirements:  The system shall consist of one or 
more controller LANs and subLANs managed by the Network 
Server Controller.  The network shall consist of up to 100,000 
I/NET points capable through numerous links and devices for 
operation of HVAC, power metering, and lighting equipment.

D. BAS LAN Segmentation:
1. The BAS shall be capable of being segmented, through software, into 

multiple local area networks (LANs) distributed over a wide area network 
(WAN). Workstations can manage a single LAN (or building), and/or the 
entire system with all portions of that LAN maintaining its own, current 
database. 

E. Standard Network Support:
1. All NSCs, Workstation(s) and Servers shall be capable of residing directly 

on the owner’s Ethernet TCP/IP LAN/WAN with no required gateways. 
Furthermore, the NSC’s, Workstation(s), and Server(s) shall be capable 
of using standard, commercially available, off-the-shelf Ethernet 
infrastructure components such as routers, switches and hubs. With this 
design the owner may utilize the investment of an existing or new 
enterprise network or structured cabling system. This also allows the 
option of the maintenance of the LAN/WAN to be performed by the 
owner’s Information Systems Department as all devices utilize standard 
TCP/IP components. 
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F. System Expansion:
1. The BAS system shall be scalable and expandable at all levels of the 

system using the same software interface, and the same TCP/IP level 
and fieldbus level controllers. Systems that require replacement of either 
the workstation software or field controllers in order to expand the system 
shall not be acceptable.

2. Web-based operation shall be supported directly by the NSCs and require 
no additional software, other than a Java supported network browser.

3. The system shall be capable of using graphical and/or line application 
programming language for the Network Server Controllers.  

G. Support For Open Systems Protocols:
1. All Network Server Controllers must natively support the BACnet IP, 

BACnet MS/TP, LonWorks IP, LonWorks FTT-10, Modbus TCP, Modbus 
RTU (RS-485 and RS-232), and Modbus ASCII protocols.

2.2 OPERATOR WORKSTATION REQUIREMENTS

A. General:
1. The workstations are to be provided by the owner.  Contractor shall 

connect the front-end EMS controller to the owner’s network via data drop 
located in the existing EMS enclosure.  

2. The operator workstation portion of the BAS shall consist of one or more 
full-powered configuration and programming workstations, and one or 
more web-based operator workstations. For this project provide a 
minimum of 10 concurrent operator users and 2 concurrent engineering 
users.

3. The programming and configuration workstation software shall allow any 
user with adequate permission to create and/or modify any or all parts of 
the NSC and/or Enterprise Server database. 

4. All configuration workstations shall be personal computers operating 
under the Microsoft Windows operating system.  The application software 
shall be capable of communication to all Network Server Controllers and 
shall feature high-resolution color graphics, alarming, trend charting. It 
shall be user configurable for all data collection and data presentation 
functions.  

5. A minimum of 1 Workstation shall be allowed on the Ethernet network.  In 
this client/server configuration, any changes or additions made from one 
workstation will automatically appear on all other workstations since the 
changes are accomplished to the databases within the NSC.  Systems 
with a central database will not be acceptable.

B. Web-Based Operator PC Requirements:
1. Any user on the network can access the system, using the following 

software:
a) Windows 2000/XP and above
b) Internet Explorer 8 (32-bit) and above
c) Firefox 4.0 (32-bit) and above
d)  Java-enabled

C. General Administration and Programming Workstation Software:
1. System architecture shall be truly client server in that the Workstation 

shall operate as the client while the NSCs shall operate as the servers. 
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The client is responsible for the data presentation and validation of inputs 
while the server is responsible for data gathering and delivery.

2. The workstation functions shall include monitoring and programming of all 
DDC controllers.  Monitoring consists of alarming, reporting, graphic 
displays, long term data storage, automatic data collection, and operator-
initiated control actions such as schedule and setpoint adjustments.  

3. Programming of SDCUs shall be capable of being done either off-line or 
on-line from any operator workstation. All information will be available in 
graphic or text displays stored at the NSC.  Graphic displays will feature 
animation effects to enhance the presentation of the data, to alert 
operators of problems, and to facilitate location of information throughout 
the DDC system. All operator functions shall be selectable through a 
mouse. 

D. User Interface:  
1. The BAS workstation software shall allow the creation of a custom, 

browser-style interface linked to the user when logging into any 
workstation. Additionally, it shall be possible to create customized 
workspaces that can be assigned to user groups.  This interface shall 
support the creation of “hot-spots” that the user may link to view/edit any 
object in the system or run any object editor or configuration tool 
contained in the software. Furthermore, this interface must be able to be 
configured to become a user’s “PC Desktop” – with all the links that a 
user needs to run other applications. This, along with the Windows user 
security capabilities, will enable a system administrator to setup 
workstation accounts that not only limit the capabilities of the user within 
the BAS software, but may also limit what a user can do on the PC and/or 
LAN/WAN. This might be used to ensure, for example, that the user of an 
alarm monitoring workstation is unable to shutdown the active alarm 
viewer and/or unable to load software onto the PC.   

2. System shall be able to automatically switch between displayed metric vs. 
imperial units based on the workstation/webstations localization.

E. User Security:
1. The software shall be designed so that each user of the software can 

have a unique username and password. This username/password 
combination shall be linked to a set of capabilities within the software, set 
by and editable only by, a system administrator. The sets of capabilities 
shall range from View only, Acknowledge alarms, Enable/disable and 
change values, Program, and Administer. The system shall allow the 
above capabilities to be applied independently to each and every class of 
object in the system. The system must allow a minimum of 256 users to 
be configured per workstation. Additionally, the software shall enable the 
ability to add/remove users based upon Microsoft Windows Security 
Domains that enable the customer IT department to assist in user access.

F. Configuration Interface:
1. The workstation software shall use a familiar Windows Explorer-style 

interface for an operator or programmer to view and/or edit any object 
(controller, point, alarm, report, schedule, etc.) in the entire system. In 
addition, this interface shall present a “network map” of all controllers and 
their associated points, programs, graphics, alarms, and reports in an 
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easy to understand structure.  All object names shall be alphanumeric 
and use Windows long filename conventions. 

2. The configuration interface shall also include support for user defined 
object types. These object types shall be used as building blocks for the 
creation of the BAS database. They shall be created form the base object 
types within the system input, output, string variables, setpoints, etc., 
alarm algorithms, alarm notification objects, reports, graphics displays, 
schedules, and programs. Groups of user defined object types shall be 
able to be set up as a predefined aggregate of subsystems and systems. 
The configuration interface shall support copying/pasting and 
exporting/importing portions of the database for additional efficiency. The 
system shall also maintain a link to all “child” objects created.  If a user 
wishes to make a change to a parent object, the software shall ask the 
user if he/she wants to update all of the child objects with the change. 

G. Color Graphic Displays:
1. The system shall allow for the creation of user defined, color graphic 

displays for the viewing of mechanical and electrical systems, or building 
schematics.  These graphics shall contain point information from the 
database including any attributes associated with the point (engineering 
units, etc.).  In addition operators shall be able to command equipment or 
change setpoints from a graphic through the use of the mouse.  

2. Requirements of the color graphic subsystem include:
a) At a minimum, the user shall have the ability to import .gif, .png, 

.bmp, .jpeg, .tif, and CAD generated picture files as background 
displays, and layering shall be possible.

b) It shall be possible for the user to use JavaScript to customize the 
behavior of each graphic.  

c) The editor shall use Scalable Vector Graphics (SVG) technology. 
d) A built-in library of animated objects such as dampers, fans, 

pumps, buttons, knobs, gauges, ad graphs which can be 
“dropped” on a graphic through the use of a software configuration 
“wizard”. These objects shall enable operators to interact with the 
graphic displays in a manner that mimics their mechanical 
equivalents found on field installed control panels.

e) Using the mouse, operators shall be able to adjust setpoints, start 
or stop equipment, modify PID loop parameters, or change 
schedules.

f) Status changes or alarm conditions must be able to be highlighted 
by objects changing screen location, size, color, text, blinking or 
changing from one display to another.

g) Ability to link graphic displays through user defined objects, alarm 
testing, or the result of a mathematical expression.  Operators 
must be able to change from one graphic to another by selecting 
an object with a mouse - no menus will be required.

h) It shall be possible to create and save graphical components and 
JavaScript code in reusable and transferrable, customized 
libraries. 

3. Additionally, the  Graphics Editor portion of the Engineering Software 
shall provide the following capabilities: 
a) Create and save pages. 
b) Group and ungroup symbols. 
c) Modify an existing symbol. 
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d) Modify an existing graphic page. 
e) Rotate and mirror a symbol. 
f) Place a symbol on a page. 
g) Place analog dynamic data in decimal format on a page. 
h) Place binary dynamic data using state descriptors on a page. 
i) Create motion through the use of animated .gif files or JavaScript. 
j) Place test mode indication on a page. 
k) Place manual mode indication on a page. 
l) Place links using a fixed symbol or flyover on a page. 
m) Links to other graphics. 
n) Links to web sites. 
o) Links to notes. 
p) Links to time schedules. 
q) Links to any .exe file on the operator work station. 
r) Links to .doc files. 
s) Assign a background color. 
t) Assign a foreground color. 
u) Place alarm indicators on a page. 
v) Change symbol/text/value color as a function of an analog 

variable. 
w) Change a symbol/text/value color as a function of a binary state. 
x) Change symbol/text/value as a function of a binary state. 
y) All symbols used by Schneider Electric Buildings Business in the 

creation of graphic pages shall be saved to a library file for use by 
the owner.

H. Automatic monitoring:
1. The software shall allow for the automatic collection of data and reporting 

from any controller or NSC. The frequency of data collection shall be 
user-configurable. 

I. Alarm Management:
1. The software shall be capable of accepting alarms directly from NSCs or 

controllers, or generating alarms based on evaluation of data in 
controllers and comparing to limits or conditional equations configured 
through the software.  Any alarm (regardless of its origination) will be 
integrated into the overall alarm management system and will appear in 
all standard alarm reports, be available for operator acknowledgment, and 
have the option for displaying graphics, or reports.  

2. Alarm management features shall include:
a) A minimum of 1000 alarm notification levels. Each notification 

level will establish a unique set of parameters for controlling alarm 
display, distribution, acknowledgment, keyboard annunciation, and 
record keeping. 

b) Automatic logging in the database of the alarm message, point 
name, point value, source device, timestamp of alarm, username 
and time of acknowledgement, username and time of alarm 
silence (soft acknowledgement) 

c) Playing an audible sound on alarm initiation or return to normal. 
d) Sending an email or alphanumeric pager to anyone listed in a 

workstation’s email account address list on either the initial 
occurrence of an alarm and/or if the alarm is repeated because an 
operator has not acknowledged the alarm within a user-
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configurable timeframe. The ability to utilize email and 
alphanumeric paging of alarms shall be a standard feature of the 
software integrated with the operating system’s mail application 
interface (MAPI). No special software interfaces shall be required 
and no email client software must be running in order for email to 
be distributed.

e) Individual alarms shall be able to be re-routed to a user at user-
specified times and dates. For example, a critical high temp alarm 
can be configured to be routed to a Facilities Dept. workstation 
during normal working hours (7am-6pm, Mon-Fri) and to a Central 
Alarming workstation at all other times. 

f) It shall be possible to re-route an alarm if a user-defined response 
time has been exceeded.  For example, if a critical alarm has an 
acknowledgment time of 5 minutes and that acknowledgement 
does not occur, the alarm can be re-routed to a secondary 
receiver.

g) An active alarm viewer shall be included which can be customized 
for each user or user type to hide or display any alarm attributes.

h) The font type and color, and background color for each alarm 
notification level as seen in the active alarm viewer shall be 
customizable to allow easy identification of certain alarm types or 
alarm states.

i) The active alarm viewer can be configured such that an operator 
must type in text in an alarm entry and/or pick from a drop-down 
list of user actions for certain alarms. This ensures accountability 
(audit trail) for the response to critical alarms.

j) The active alarm viewer can be configured such that an operator 
must type in text in an alarm entry and/or pick from a drop-down 
list of causes for certain alarms. This ensures accountability (audit 
trail) for the response to critical alarms.

k) The active alarm viewer can be configured such that an operator 
must confirm that all of the steps in a check list have been 
accomplished prior to acknowledging the alarm.

l) An operator shall have the capability to assign an alarm to another 
user of the system. Such assignments shall be tracked to insure 
alarm response.

J. Report Generation:
1. The Reports Server shall be able to process large amounts of data and 

produce meaningful reports to facilitate analysis and optimization of each 
installation.

2. Reports shall be possible to generate and view from the operator 
Workstation, and/or Webstation, and/or directly from a reports-only web 
interface.

3. A library of predefined automatically generated reports that prompt users 
for input prior to generation shall be available.  The properties and 
configurations made to these reports shall be possible to save as 
Dashboard reports, so that the configurations are saved for future used.

4. It shall be possible to create reports standard tools, such as Microsoft 
Report Builder 2.0 or Visual Studio, shall be used for customized reports.

5. Additional reports or sets of reports shall be downloadable, transferrable, 
and importable  
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6. All reports shall be able to be set up to automatically run or be generated 
on demand. 

7. Each report shall be capable of being automatically emailed to a recipient 
in Microsoft Word, Excel, and/or Adobe .pdf format. 

8. Reports can be of any length and contain any point attributes from any 
controller on the network.

9. Image management functionality shall be possible to enable the system 
administrators to easily upload new logos or images to the system.

10. It shall be possible to run other executable programs whenever a report is 
initiated.

11. Report Generator activity can be tied to the alarm management system, 
so that any of the configured reports can be displayed in response to an 
alarm condition.

12. Minimum supplied reports shall include:
a) Activities Per Server Report
b) Activities Per User Report
c) Alarm Amount by Category Report
d) Alarm Amount by Type Report
e) Alarms Per Sever Report
f) Current Alarm Report
g) Most Active Alarm Report
h) System Errors Per Server Report
i) Top Activities Report
j) Top Alarms Report
k) Top System Errors Report
l) Trend Log Comparison Report
m) User Logins Report
n) Users and Groups Reports

13. Minimum Energy Reports shall include:
a) Energy Monitoring Calendar Consumption Report:  Shall provide 

an     interactive report that shows the energy usage on one or 
multiple selected days.

b) Energy Monitoring Consumption Breakdown Report: Shall provide 
a report on energy consumption broken down using sub-metering.

c) Energy Monitoring Consumption Report: Shall show the energy 
consumption against a specified target value.

14. Reports Server Hardware Requirements:
a) Processor:

1) Minimum:  2.0 GHz
2) Recommended:  2.0 GHz or higher

b) Memory:
1) Minimum:  6 GB
2) Recommended:  8GB or higher
3) Hard Disk:  500 GB

15. Reports Server Software Requirements
a) Operating System:  Microsoft Windows Server 2008 R2 (64-bit)
b) SQL Versions:

1) Microsoft SQL Server 2008 R2 Express with Advanced 
Services (64-bit)

2) Microsoft SQL Server 2008 R2 Standard (64-bit)

K. Scheduling:
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1. From the workstation or webstation, it shall be possible to configure and 
download schedules for any of the controllers on the network.  

2. Time of day schedules shall be in a calendar style and viewable in both a 
graphical and tabular view.

3. Schedules shall be programmable for a minimum of one year in advance.
4. To change the schedule for a particular day, a user shall simply select the 

day and make the desired modifications.
5. Additionally, from the operator webstations, each schedule will appear on 

the screen viewable as the entire year, monthly, week and day. A simple 
mouse click shall allow switching between views. It shall also be possible 
to scroll from one month to the next and view or alter any of the schedule 
times. 

6. Schedules will be assigned to specific controllers and stored in their local 
RAM memory.  Any changes made at the workstation will be 
automatically updated to the corresponding schedule in the controller.

7. It shall be possible to assign a lead schedule such that shadow/local 
schedules are updated based upon changes in the Lead.

8. It shall be possible to assign a list(s) of exception event days, dates, date 
ranges to a schedule.

L. Programmer's Environment:
1. Programming in the NSC shall be either in graphical block format or line-

programming format or both.
2. The programmer's environment will include access to a superset of the 

same programming language supported in the SDCUs.  
3. NSC devices will support both script programming language as well as 

the graphical function block programming language. For both languages, 
the programmer will be able to configure application software off-line (if 
desired) for custom program development, and write global control 
programs. 

4. It shall be possible to save custom programs as libraries for reuse 
throughout the system.  A wizard tool shall be available for loading 
programs from a library file in the program editor. 

5. It shall be possible to view graphical programming live and real-time from 
the Workstation. 

M. Saving/Reloading:
1. The workstation software shall have an application to save and restore 

NSC and field controller memory files. 
2. For the NSC, this application shall not be limited to saving and reloading 

an entire controller – it must also be able to save/reload individual objects 
in the controller. This allows off-line debugging of control programs, for 
example, and then reloading of just the modified information.

N. Audit Trail:
1. The workstation software shall automatically log and timestamp every 

operation that a user performs at a workstation, from logging on and off a 
workstation to changing a point value, modifying a program, 
enabling/disabling an object, viewing a graphic display, running a report, 
modifying a schedule, etc.

2. It shall be possible to view a history of alarms, user actions, and 
commands for any system object individually or at least the last 5000 
records of all events for the entire system from Workstation.
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3. It shall be possible to save custom filtered views of event information that 
are viewable and configurable in Workstation.

O. Fault Tolerant Enterprise Server Operation (Top level NSC):
1. A single component failure in the system shall not cause the entire 

system to fail.  All system users shall be informed of any detectable 
component failure via an alarm event.  System users shall not be logged 
off as a result of a system failure or switchover.

P. Web-based Operator Software:
1. General:

a) Day-to-day operation of the system shall be accessible through a 
standard web browser interface, allowing technicians and 
operators to view any part of the system from anywhere on the 
network. 

2. Graphic Displays:
a) The browser-based interface must share the same graphical 

displays as the Administration and Programming Workstations, 
presenting dynamic data on site layouts, floor plans, and 
equipment graphics. The browser’s graphics shall support 
commands to change setpoints, enable/disable equipment and 
start/stop equipment.

b) Through the browser interface, operators must be able to navigate 
through the entire system, and change the value or status of any 
point in any controller. Changes are effective immediately to the 
controller, with a record of the change stored in the system 
database.

3. Alarm Management:
a) Systems requiring additional client software to be installed on a 

PC for viewing the webstation from that PC will not be considered.
b) Through the browser interface, a live alarm viewer identical to the 

alarm viewer on the Administration and Programming workstation 
shall be presented, if the user’s password allows it. Users must be 
able to receive alarms, silence alarms, and acknowledge alarms 
through a browser. If desired, specific operator text must be able 
to be added to the alarm record before acknowledgement, 
attachments shall be viewable, and alarm checklists shall be 
available. 

Q. Groups and Schedules:
1. Through the browser interface, operators must be able to view pre-

defined groups of points, with their values updated automatically.
2. Through the browser interface, operators must be able to change 

schedules – change start and stop times, add new times to a schedule, 
and modify calendars.

R. User Accounts and Audit Trail:
1. The same user accounts shall be used for the browser interface and for 

the operator workstations. Operators must not be forced to memorize 
multiple passwords.

2. All commands and user activity through the browser interface shall be 
recorded in the system’s activity log, which can be later searched and 
retrieved by user, date, or both.



15910-18

S. Web Services
1. The installed system shall be able to use web services to “serve” and 

“consume” information within both the Network Server/Controllers (NSCs) 
and the Administration and Programming Workstations (APWs) with other 
products and systems.  Inability to perform web services within BOTH 
NSCs and APWs will be unacceptable.
a) Shall be able to “consume” data into the system via SOAP and 

REST web services. 
b) Shall be able to “serve” and “consume” data from other Schneider 

Electric systems such as:
1) StruxureWare Data Center Expert
2) StruxureWare Power Monitoring Expert

2.3 NETWORK SERVER CONTROLLERS (NSCs)

A. Network Router Controllers shall combine both network routing functions, control 
functions, and server functions into a single unit.

B. The BACnet NSC shall be classified as a “native” BACnet device, supporting the 
BACnet Network Server Controller (B-BC) profile. Controllers that support a 
lesser profile such as B-SA are not acceptable.  NSCs shall be tested and 
certified by the BACnet Testing Laboratory (BTL) as BACnet Network Server 
Controllers (B-BC).

C. The Network Server Controller shall provide the interface between the LAN or 
WAN and the field control devices, and provide global supervisory control 
functions over the control devices connected to the NRS.  

D. They shall also be responsible for monitoring and controlling their own HVAC 
equipment such as an AHU or boiler. 

E. They shall also contain graphics, trends, trend charts, alarm views, and other 
similar presentation objects that can be served to workstations or web-based 
interfaces.  A sufficient number of NSCs shall be supplied to fully meet the 
requirements of this specification and the attached point list.

F. It shall be capable of executing application control programs to provide:
1. Calendar functions
2. Scheduling
3. Trending
4. Alarm monitoring and routing
5. Time synchronization by means of an Internet site including automatic 

synchronization
6. Native integration of BACnet controller data.

G. Hardware Specifications:
1. Memory:  

a) The operating system of the controller, application programs, and 
all other portions of the configuration database, shall be stored in 
non-volatile, FLASH memory. Servers/Controllers shall contain 
enough memory for the current application, plus required history 
logging, plus a minimum of 20% additional free memory. 
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2. Each NRC shall provide the following on-board hardware for 
communication:
a) One 10/100bT Ethernet for communication to Workstations, other 

NRCs and onto the Internet
b) Two RS-485  ports for communication to BACnet MSTP bus or 

serial Modbus (software configurable)
c) One TP/FT port for communication to LonWorks devices.
d) One Device USB port
e) Two host USB Ports

H. Modular Expandability:  
1. The system shall employ a modular I/O design to allow expansion. Input 

and output capacity is to be provided through plug-in modules of various 
types. It shall be possible to combine I/O modules as desired to meet the 
I/O requirements for individual control applications.

I. Hardware Override Switches: 
1. All digital outputs shall, optionally, include three position manual override 

switches to allow selection of the ON, OFF, or AUTO output state. These 
switches shall be built into the unit and shall provide feedback to the 
controller so that the position of the override switch can be obtained 
through software.  In addition each analog output shall be equipped with 
an override potentiometer to allow manual adjustment of the analog 
output signal over its full range, when the 3 position manual override 
switch is placed in the ON position.

J. Local Status Indicator Lamps: 
1. The NSC shall provide as a minimum LED indication of CPU status, 

Ethernet LAN status, and field bus status.  For each input or output, 
provide LED indication of the value of the point (On/Off).  The LED 
indication shall support software configuration to set whether the 
illumination of the LED corresponds to On or Off or whether the color 
when illuminated is Red or Green.

K. Real Time Clock (RTC): 
1. Each NSC shall include a battery-backed, real time clock, accurate to 10 

seconds per day.  The RTC shall provide the following: time of day, day, 
month, year, and day of week. Each NSC will allow for its own UTC 
offset, depending upon the time zone. When the time zone is set, the 
NSC will also store the appropriate times for daylight savings time.

L. Power Supply: 
1. The 24 VDC power supply for the NSCs shall provide 30 watts of 

available power for the NSC and associated IO modules. The system 
shall support the use of more than one power supply if heavily power 
consuming modules are required.

M. Automatic Restart After Power Failure: 
1. Upon restoration of power after an outage, the NSC shall automatically 

and without human intervention update all monitored functions, resume 
operation based on current, synchronize time and status, and implement 
special start-up strategies as required. 
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N. Battery backup: 
1. The NSC shall include an on-board battery to back up the controller’s 

RAM memory. The battery shall provide accumulated backup of all RAM 
and clock functions for at least 30 days. In the case of a power failure, the 
NSC shall first try to restart from the RAM memory. If that memory is 
corrupted or unusable, then the NSC shall restart itself from its application 
program stored in its FLASH memory.       

O. Software Specifications:
1. The operating system of the controller, application programs, and all other 

portions of the configuration database such as graphics, trends, alarms, 
views, etc., shall be stored in non-volatile, FLASH memory. There will be 
no restrictions placed on the type of application programs in the system.  
Each NSC shall be capable of parallel processing, executing all control 
programs simultaneously.  Any program may affect the operation of any 
other program.  Each program shall have the full access of all I/O facilities 
of the processor.  This execution of control function shall not be 
interrupted due to normal user communications including interrogation, 
program entry, printout of the program for storage, etc.  

2. Each NSC shall have an available capacity of 4 GB of memory. This shall 
represent 2 GB for application and historical data and 2 GB dedicated for 
backup storage.

P. User Programming Language: 
1. The application software shall be user programmable. This includes all 

strategies, sequences of operation, control algorithms, parameters, and 
setpoints. The source program shall be either a script-based structured 
text or graphical function block based and fully programmable by the 
user. The language shall be structured to allow for the configuration of 
control programs, schedules, alarms, reports, telecommunications, local 
displays, mathematical calculations, and histories.  Users shall be able to 
place comments anywhere in the body of either script or function block 
programs.

2. Network Server Controllers that use a “canned” program method will not 
be accepted.

Q. Control Software: 
1. The NSC shall have the ability to perform the following pre-tested control 

algorithms:
a) Proportional, Integral plus Derivative Control (PID)
b) Two Position Control
c) Digital Filter
d) Ratio Calculator
e) Equipment Cycling Protection  

R. Mathematical Functions: 
1. Each controller shall be capable of performing basic mathematical 

functions (+, -, *, /), squares, square roots, exponential, logarithms, 
Boolean logic statements, or combinations of both.  The controllers shall 
be capable of performing complex logical statements including operators 
such as >, <, =, and, or, exclusive or, etc.  These must be able to be used 
in the same equations with the mathematical operators and nested up to 
five parentheses deep.
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S. NSCs shall have the ability to perform any or all of the following energy 
management routines:
1. Time of Day Scheduling
2. Calendar Based Scheduling
3. Holiday Scheduling
4. Temporary Schedule Overrides
5. Optimal Start
6. Optimal Stop
7. Night Setback Control
8. Enthalpy Switchover (Economizer)
9. Peak Demand Limiting
10. Temperature Compensated Duty Cycling
11. CFM Tracking
12. Heating/Cooling Interlock

T. History Logging: 
1. Each NSC controller shall be capable of LOCALLY logging any input, 

output, calculated value or other system variable either over user defined 
time intervals ranging from 1 second to 1440 minutes or based upon a 
user configurable change of value.  A minimum of 1000 values shall be 
stored in each of these types of logs.  Each log can record either the 
instantaneous, average, minimum or maximum value of the point.  
Logged data shall be downloadable to a higher level NSC long term 
archiving based upon user-defined time intervals, or manual command.

2. Management of a power meter replacement to ensure meter log data is 
accurate shall be possible in the NSC.

3. Every hardware input and output point shall be trended automatically 
without the requirement for manual creation, and each of these logs shall 
log values based upon a change of value and store at least 500 trend 
samples before replacing the oldest sample with new data.

4. The presentation of logged data shall be built into the server capabilities 
of the NSC Presentation can be in time stamped list formats or in a chart 
format with fully configurable pen colors, weights, scales and time spans.

U. Alarm Management: 
1. For each system point, alarms can be created based on high/low limits or 

in comparison to other point values.  All alarms will be tested each scan 
of the NSC and can result in the display of one or more alarm messages 
or reports.  

2. There is no limit to the number of alarms that can be created for any 
point/

3. Alarms can be configured to be generated based upon a single system 
condition or multiple system conditions.

4. Alarms will be generated based on an evaluation of the alarm conditions 
and can be presented to the user in a fully configurable order, by priority, 
by time, by category, etc. These configurable alarm views will be 
presented to a user upon logging into the system regardless of whether 
the log in takes place at a WorkStation or a Webstation.

5. The alarm management system shall support the ability to create and 
select cause and action notes to be selected and associated with an 
alarm event. Checklists shall also be possible in order to present to an 
operator a suggested mode of troubleshooting. When acknowledging an 
alarm, it shall be possible to assign it to a user of the system such that the 
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user is notified of the assignment and is made responsible for the alarm 
resolution.

6. Alarms must be capable of being routed to any BACnet workstation that 
conforms to the B-OWS device profile and uses the BACnet/IP protocol.

V. Embedded Web Server:
1. Each NSC must have the ability to serve out web pages containing the 

same information that is available from the WorkStation.  The 
development of the screens to accomplish shall not require any additional 
engineering labor over that required to show them at the WorkStation 
itself.

2.4 BACnet Fieldbus and BACnet SDCUs 

A. Networking:
1. IP Network:  All devices that connect to the WAN shall be capable of 

operating at 10 megabits per second or 100 megabits per second.
2. IP to Field Bus Routing Devices:

a) A Network Server Controller shall be used to provide this 
functionality.

b) These devices shall be configurable locally with IP crossover 
cable and configurable via the IP network.

c) The routing configuration shall be such that only data packets 
from the field bus devices that need to travel over the IP level of 
the architecture are forwarded.

B. Field Bus Wiring and Termination:
1. The wiring of components shall use a bus or daisy chain concept with no 

tees, stubs, or free topology.
2. Each field bus shall have a termination resistor at both ends of each 

segment.
3. The field bus shall support the use of wireless communications.

C. Repeaters:
1. Repeaters are required to connect two segments.
2. Repeaters shall be installed in an enclosure.  The enclosure may be in an 

interstitial space.

D. Field Bus Devices:
1. General Requirements:

a) Devices shall have a light indicating that they are powered.
b) Devices shall be locally powered.  Link powered devices (power is 

furnished from a central source over the field bus cable) are not 
acceptable.

c) Application programs shall be stored in a manner such that a loss 
of power does not result in a loss of the application program or 
configuration parameter settings.  (Battery backup, flash memory, 
etc.)

E. Network Server Controllers (NSCs)
1. If NSCs have embedded I/O, all of the requirements for I/O that are 

described under Advance Application Controllers shall apply.
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2. Shall support the export of data to NSCs from other vendors that support 
the data sharing, read property service.

3. Shall support the export of data using Change of Value (COV) initiation to 
NSCs from other vendors that support the subscription to data using the 
COV concept.

4. Shall support the export of data to any BACnet OWS that supports the 
data sharing, read property service.

5. Shall support the export of data using Change of Value (COV) initiation to 
any BACnet OWS that supports the subscription to data using the COV 
concept.

6. Shall provide trend log support for all of the devices on the field bus.  
They shall provide sufficient memory to store up to 300 samples for each 
variable required to be trended by the sequence of control.

7. Shall support the exporting of trend log data to any BACnet OWS that 
supports the read range BACnet service for trending.

8. Shall provide time schedule support for all of the devices on the field bus.
9. Shall support the editing of time schedule entries from any BACnet OWS 

that supports the BACnet service for writing of time schedule parameters.
10. Shall provide alarm message initiation for all alarms conditions from any 

of the field bus devices.
11. Shall deliver alarm messages to any BACnet OWS that supports the 

BACnet service for receiving alarm messages and is configured to be a 
recipient of the notification.

12. Shall support alarm acknowledgement from any BACnet OWS that 
supports the BACnet service for executing alarm/event 
acknowledgement.

13. Shall support the control of the out of service property and assignment of 
value or state to analog and binary objects from any BACnet OWS that 
supports writing to the out of service property and the value property of 
analog and binary objects.

14. Shall support the receipt and response to Time Synchronization 
commands from any device that supports the BACnet service for initiating 
time synchronization commands.

15. Shall support the “Who is?” and “I am.” BACnet service.
16. Shall support the “”Who has?” and “I have.” BACnet service.
17. Shall support Backup and Restore commands from any BACnet OWS 

that supports the initiation of Backup and Restore commands.
18. Shall be BTL certified.

F. Advance Application Controllers (B-AAC):
1. The key characteristics of a B-AAC are:

a) They have physical input and output circuits for the connection of 
analog input devices, binary input devices, pulse input devices, 
analog output devices, and binary output devices.  The number 
and type of input and output devices supported will vary by model.

b) They may or may not provide support for additional input and 
output devices beyond the number of circuits that are provided on 
the basic circuit board.  Support for additional I/O shall be 
provided by additional circuit boards that physically connect to the 
basic controller.

c) The application to be executed by a B-AAC is created by an 
application engineer using the vendor’s application programming 
tool.
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d) If local time schedules are embedded, the B-AAC shall support 
the editing of time schedule entries from any BACnet OWS that 
supports the BACnet service for writing of time schedule 
parameters.

e) If local trend logging is embedded, the B-AAC shall support the 
exporting of trend log data to any BACnet OWS that supports the 
read range BACnet service for trending.

f) If local alarm message initiation is embedded, the B-AAC shall:
g) Deliver alarm messages to any BACnet OWS that supports the 

BACnet service for receiving alarm messages and is configured to 
be a recipient off the alarm message.  

h) Support alarm acknowledgement from any BACnet OWS that 
supports the BACnet service for executing alarm/event 
acknowledgement,

i) Shall support the reading of analog and binary data from any 
BACnet OWS or Building Controller that supports the BACnet 
service for the reading of data.

j) Shall support the control of the out of service property and 
assignment of value or state to analog and binary objects from 
any BACnet OWS that supports writing to the out of service 
property and the value property of analog and binary objects.

k) Shall support the receipt and response to Time Synchronization 
commands from a BACnet Building Controller.

l) Shall support the “Who is” and “I am.” BACnet services.
m) Shall support the “Who has” and “I have.” BACnet services.

2. Analog Input Circuits:
a) The resolution of the A/D chip shall not be greater than 0.01 Volts 

per increment.  For an A/D converter that has a measurement 
range of 0 to 10 VDC and is 10 bit, the resolution is 10/1024 or 
0.00976 Volts per increment.

b) For non-flow sensors, the control logic shall provide support for 
the use of a calibration offset such that the raw measured value is 
added to the (+/-) offset to create a calibration value to be used by 
the control logic and reported to the Operator Workstation (OWS).

c) For flow sensors, the control logic shall provide support for the use 
of an adjustable gain and an adjustable offset such that a two 
point calibration concept can be executed (both a low range value 
and a high range value are adjusted to match values determined 
by a calibration instrument).

d) For non-linear sensors such as thermistors and flow sensors the 
B-AAC shall provide software support for the linearization of the 
input signal.

3. Binary Input Circuits:
a) Dry contact sensors shall wire to the controller with two wires.
b) An external power supply in the sensor circuit shall not be 

required.
4. Pulse Input Circuits:

a) Pulse input sensors shall wire to the controller with two wires.
b) An external power supply in the sensor circuit shall not be 

required.
c) The pulse input circuit shall be able to process up to 20 pulses per 

second.
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5. True Analog Output Circuits:
a) The logical commands shall be processed by a digital to analog 

(D/A) converter chip.  The 0% to 100% control signal shall be 
scalable to the full output range which shall be either 0 to 10 VDC, 
4 to 20 milliamps or 0 to 20 milliamps or to ranges within the full 
output range (Example:  0 to 100% creates 3 to 6 VDC where the 
full output range is 0 to 10 VDC).

b) The resolution of the D/A chip shall not be greater than 0.04 Volts 
per increment or 0.08 milliamps per increment.

6. Binary Output Circuits:
a) Single pole, single throw or single pole, double throw relays with 

support for up to 230 VAC and a maximum current of 2 amps.
b) Voltage sourcing or externally powered triacs with support for up 

to 30 VAC and 0.5 amps at 24 VAC.
7. Program Execution:

a) Process control loops shall operate in parallel and not in sequence 
unless specifically required to operate in sequence by the 
sequence of control.

b) The sample rate for a process control loop shall be adjustable and 
shall support a minimum sample rate of 1 second.

c) The sample rate for process variables shall be adjustable and 
shall support a minimum sample rate of 1 second.

d) The sample rate for algorithm updates shall be adjustable and 
shall support a minimum sample rate of 1 second.

e) The application shall have the ability to determine if a power cycle 
to the controller has occurred and the application programmer 
shall be able to use the indication of a power cycle to modify the 
sequence of controller immediately following a power cycle.

8. Local Interface:
a) The controller shall support the connection of a portable interface 

device such as a laptop computer or vendor unique hand-held 
device.  The ability to execute any tasks other than viewing data 
shall be password protected.  Via this local interface, an operator 
shall be able to:
1) Adjust application parameters. 
2) Execute manual control of input and output points.
3) View dynamic data.

G. Application Specific Devices:
1. Application specific devices shall have fixed function configurable 

applications.
2. If the application can be altered by the vendor’s application 

programmable tool, the device is an advanced application controller and 
not an application specific device.

3. Application specific devices shall be BTL certified.

2.5 DDC SENSORS AND POINT HARDWARE

A. Temperature Sensors:
1. All temperature devices shall use precision thermistors accurate to +/- 1 

degree F over a range of –30 to 230 degrees F.  Space temperature 
sensors shall be accurate to +/- .5 degrees F over a range of 40 to 100 
degrees F.
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2. Standard space sensors shall be available in an off white enclosure for 
mounting on a standard electrical box.  

3. Using built in buttons, operators shall be able to adjust setpoints directly 
from the sensor for selecting after hours operation.  A push button 
override shall enable the system for a period of time (adjustable) during 
unoccupied periods

4. The sensor shall incorporate either an LED or LCD display for viewing the 
space temperature, setpoint and other operator selectable parameters. 

5. Duct temperature sensors shall incorporate a thermistor bead embedded 
at the tip of a stainless steel tube.  Probe style duct sensors are useable 
in air handling applications where the coil or duct area is less than 14 
square feet.

6. Averaging sensors shall be employed in ducts which are larger than 14 
square feet.  The averaging sensor tube must contain at least one 
thermistor for every 3 feet, with a minimum tube length of 12 feet.

7. Immersion sensors shall be employed for measurement of temperature in 
all chilled and hot water applications as well as refrigerant applications. 
Thermal wells shall be brass or stainless steel for non-corrosive fluids 
below 250 degrees F and 300 series stainless steel for all other 
applications.

8. A pneumatic signal shall not be allowed for sensing temperature.

B. Pressure Sensors:
1. Air pressure measurements in the range of 0 to 10” water column will be 

accurate to +/- 1% using a solid-state sensing element.  Acceptable 
manufacturers include Veris.

2. Differential pressure measurements of liquids or gases shall be accurate 
to =/- 0.5% of range.  

C. Current and KW Sensors:
1. Current status switches shall be used to monitor fans, pumps, motors and 

electrical loads.  Current switches shall be available in split core models, 
and offer either a digital or an analog signal to the automation system.  
Acceptable manufacturer is Veris or approved equal.

2. Measurement of three phase power shall be accomplished with a 
kW/kWH transducer.  This device shall utilize direct current transformer 
inputs to calculate the instantaneous value (kW) and a pulsed output 
proportional to the energy usage (kWH).  Provide Veris Model 6000 
Power Transducer or approved equal.

PART 3 EXECUTION

3.1 INSTALLATION

A. New control devices are to be installed in steel enclosures mounted above the 
corridor ceiling, beneath the unit under control by those devices.

B. Labeling: Label all wiring

C. Install cabinets level and plumb.

D. Verify location of room sensors and other exposed control sensors with plans 
and room details before installation. 
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E. Mount wall boxes for space sensors in all locations at 48 inches above floor

F. Mount all control cabinets for rooftop unit controllers above the ceiling as shown 
on drawings. Refer to the drawings for locations. Mount controllers near the main 
door, off to one side – do not mount directly over door.

G. The UNC will be mounted in the closet as indicated on the drawings.

H. Mount wall box for the outside air sensor under a canopy on the north side of the 
building. 

3.2 ELECTRICAL WIRING 

A. All wire will be copper and meet the minimum wire size and insulation class listed 
below:

Wire Class Wire Size Isolation Class

Power 12 Gauge 600 Volt

Class One 14 Gauge Std. 600 Volt

Class Two 18 Gauge Std. 300 Volt

Class Three 18 Gauge Std. 300 Volt

Communications Per Mfr. Per Mfr.

B. Power and Class One wiring may be run in the same conduit.  Class Two and 
Three wiring and communications wiring may be run in the same conduit.

C. Where different wiring classes terminate within the same enclosure, maintain 
clearances and install barriers per the National Electric Code.

D. Where wiring is required to be installed in conduit, EMT shall be used.  Conduit 
shall be minimum 1/2 inch galvanized EMT.  Set screw fittings are acceptable for 
dry interior locations.  Watertight compression fittings shall be used for exterior 
locations and interior locations subject to moisture.  Provide conduit seal-off 
fitting where exterior conduits enter the building or between areas of high 
temperature/moisture differential.

E. Flexible metallic conduit (max. 3 feet) shall be used for connections to motors, 
actuators, controllers, and sensors mounted on vibration producing equipment.  
Liquid-tight flexible conduit shall be use in exterior locations and interior locations 
subject to moisture.

F. Junction boxes shall be provided at all cable splices, equipment termination, and 
transitions from EMT to flexible conduit.  Interior dry location J-boxes shall be 
galvanized pressed steel, nominal four-inch square with blank cover.  Exterior 
and damp location JH-boxes shall be cast alloy FS boxes with threaded hubs 
and gasketed covers. 

G. Where the space above the ceiling is a supply or return air plenum, the wiring 
shall be plenum rated.  Teflon wiring can be run without conduit above 
suspended ceilings.  EXCEPTION:  Any wire run in suspended ceilings that is 
used to control outside air dampers or to connect the system to the fire 
management system shall be in conduit.
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3.3 HARDWARE INSTALLATION

A. Installation Practices for Wiring

B. All controllers are to be mounted vertically and per the manufacturer’s installation 
documentation.

C. The 120VAC power wiring to each Ethernet or Remote Site controller shall be a 
dedicated run, with a separate breaker.  Each run will include a separate hot, 
neutral and ground wire.  The ground wire will terminate at the breaker panel 
ground.  This circuit will not feed any other circuit or device.

D. A true earth ground must be available in the building.  Do not use a corroded or 
galvanized pipe, or structural steel.   

E. Wires are to be attached to the building proper at regular intervals such that 
wiring does not droop.  Wires are not to be affixed to or supported by pipes, 
conduit, etc.

F. Conduit in finished areas will be concealed in ceiling cavity spaces, plenums, 
furred spaces and wall construction.  Exception; metallic surface raceway may be 
used in finished areas on masonry walls.  All surface raceway in finished areas 
must be color matched to the existing finish within the limitations of standard 
manufactured colors.

G. Conduit, in non-finished areas where possible, will be concealed in ceiling cavity 
spaces, plenums, furred spaces, and wall construction.  Exposed conduit will run 
parallel to or at right angles to the building structure.

H. Wires are to be kept a minimum of three (3) inches from hot water, steam, or 
condensate piping.

I. Where sensor wires leave the conduit system, they are to be protected by a 
plastic insert.

J. Wire will not be allowed to run across telephone equipment areas.  

3.4 INSTALLATION PRACTICES FOR FIELD DEVICES

A. Well-mounted sensors will include thermal conducting compound within the well 
to insure good heat transfer to the sensor. 

B. Actuators will be firmly mounted to give positive movement and linkage will be 
adjusted to give smooth continuous movement throughout 100 percent of the 
stroke.

C. Relay outputs will include transient suppression across all coils.  Suppression 
devices shall limit transients to 150% of the rated coil voltage.

D. Water line mounted sensors shall be removable without shutting down the 
system in which they are installed.
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3.5 ENCLOSURES

A. For all I/O requiring field interface devices, these devices where practical will be 
mounted in a field interface panel (FIP).  The Contractor shall provide an 
enclosure which protects the device(s) from dust, moisture, conceals integral 
wiring and moving parts. 

B. FIPs shall contain power supplies for sensors, interface relays and contactors, 
and safety circuits.

C. The FIP enclosure shall be of steel construction with baked enamel finish; NEMA 
1 rated with a hinged door and keyed lock.  The enclosure will be sized for twenty 
percent spare mounting space.  All locks will be keyed identically.

D. All wiring to and from the FIP will be to screw type terminals.  Analog or 
communications wiring may use the FIP as a raceway without terminating.  The 
use of wire nuts within the FIP is prohibited.

E. All outside mounted enclosures shall meet the NEMA-4 rating.

F. The wiring within all enclosures shall be run in plastic track.  Wiring within 
controllers shall be wrapped and secured.

3.6 IDENTIFICATION

A. Identify all control wires with labeling tape or sleeves using words, letters, or 
numbers that can be exactly cross-referenced with as-built drawings.

B. All field enclosures, other than controllers, shall be identified with a Bakelite 
nameplate.  The lettering shall be in white against a black or blue background.

C. Junction box covers will be marked to indicate that they are a part of the BAS 
system.

D. All I/O field devices (except space sensors) that are not mounted within FIP's 
shall be identified with name plates.

E. All I/O field devices inside FIP's shall be labeled.

3.7 LOCATION

A. The location of sensors is per mechanical and architectural drawings.

B. Space humidity or temperature sensors will be mounted away from machinery 
generating heat, direct light and diffuser air streams.  

C. Outdoor air sensors will be mounted on the north building face directly in the 
outside air.  Install these sensors such that the effects of heat radiated from the 
building or sunlight is minimized.

D. Field enclosures shall be located immediately adjacent to the controller panel(s) 
to which it is being interfaced.
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3.8 SOFTWARE INSTALLATION

A. General:
1. The Contractor shall provide all labor necessary to install, initialize, start-

up and debug all system software as described in this section.  This 
includes any operating system software or other third party software 
necessary for successful operation of the system.

3.9 DATABASE CONFIGURATION

A. The Contractor will provide all labor to configure those portions of the database 
that are required by the points list and sequence of operation.

3.10 COLOR GRAPHIC DISPLAYS

A. Unless otherwise directed by the owner, the Contractor will provide color graphic 
displays as depicted in the mechanical drawings for each system and floor plan.  
For each system or floor plan, the display shall contain the associated points 
identified in the point list and allow for setpoint changes as required by the 
owner.   

3.11 REPORTS

A. The Contractor will configure a minimum of 4 reports for the owner.  These 
reports shall, at a minimum, be able to provide:
1. Trend comparison data
2. Alarm status and prevalence information
3. Energy Consumption data
4. System user data

3.12 DOCUMENTATION 

A. As built software documentation will include the following:
1. Descriptive point lists
2. Application program listing
3. Application programs with comments.
4. Printouts of all reports.
5. Alarm list.
6. Printouts of all graphics 
7. Commissioning and System Startup

3.13 POINT TO POINT CHECKOUT

A. Each I/O device (both field mounted as well as those located in FIPs) shall be 
inspected and verified for proper installation and functionality.  A checkout sheet 
itemizing each device shall be filled out, dated and approved by the Project 
Manager for submission to the owner or owner’s representative.

3.14 CONTROLLER AND WORKSTATION CHECKOUT

A. A field checkout of all controllers and front end equipment (computers, printers, 
modems, etc.) shall be conducted to verify proper operation of both hardware 
and software.  A checkout sheet itemizing each device and a description of the 
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associated tests shall be prepared and submitted to the owner or owner’s 
representative by the completion of the project.

3.15 SYSTEM ACCEPTANCE TESTING 

A. All application software will be verified and compared against the sequences of 
operation.  

B. Control loops will be exercised by inducing a setpoint shift of at least 10% and 
observing whether the system successfully returns the process variable to 
setpoint.  Record all test results and attach to the Test Results Sheet.

C. Test each alarm in the system and validate that the system generates the 
appropriate alarm message, that the message appears at all prescribed 
destinations (workstations or printers), and that any other related actions occur 
as defined (i.e. graphic panels are invoked, reports are generated, etc.).  Submit 
a Test Results Sheet to the owner.

D. Perform an operational test of each unique graphic display and report to verify 
that the item exists, that the appearance and content are correct, and that any 
special features work as intended.  Submit a Test Results Sheet to the owner.

E. Perform an operational test of each third party interface that has been included 
as part of the automation system.  Verify that all points are properly polled, that 
alarms have been configured, and that any associated graphics and reports have 
been completed.  Test any logic that controls the transmission of the file, and 
verify the content of the specified information.

END OF SECTION
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SECTION 15940
SEQUENCE OF OPERATION

PART 1  GENERAL

1.1 SUMMARY

A. Section includes sequence of operation for:
1. Heating Water System
2. Chilled Water System
3. Fan Coil Units/Blower Coil Units
4. Energy Recovery Ventilator 
5. Elevator Sump Pump

B. Related Sections:
1. Section 15900 HVAC Instrumentation and Control: (Optional short 

phrase).

1.2 SUBMITTALS

A. Section 15000: Submittal procedures.

B. Shop Drawings: Indicate mechanical system controlled and control system 
components.
1. Label with settings, adjustable range of control and limits. Include written 

description of control sequence.
2. Include flow diagrams for each control  system, graphically depicting 

control logic.
3. Include draft copies of graphic displays indicating mechanical  system 

components, control system components, and controlled function status  
and value.

1.3 CLOSEOUT SUBMITTALS

A. Project Record Documents:  Record actual locations of components and set 
points of controls, including changes to sequences made after submission of 
shop drawings.

1.4 QUALIFICATIONS

A. Installer: Company specializing in performing Work of  this section with minimum 
three years experience.

PART 2  PRODUCTS 

Not used.
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PART 3  EXECUTION

3.1 COORDINATION

A. The temperature controls contractor shall  achieve the sequence of operation as 
described and shall provide all necessary components as required, whether 
specifically mentioned or not.

3.2 HEATING WATER SYSTEM

A. System consists of:
1. (1) Existing 1290 MBH single stage gas fired boiler
2. (2) Existing heating water pumps – 5hp constant speed

B. Temperature Controls contractor to provide:
1. Controller
2. Heating water supply temperature sensor
3. Heating water return temperature sensor
4. Pump monitoring (each pump)

C. Operation
1. The heating water system shall be enabled whenever the outside air 

temperature is 60 degrees or below.
2. When the system is enabled, the heating water pump selected as LEAD 

shall start. 
a) If the LEAD pump fails to start, an alarm shall be  generated and 

the LAG pump shall start. 
b) Only one pump shall operate at a time.

3. The boiler shall be fired after heating water pump is started. 
4. The heating water setpoint shall be reset based on a straight line reset 

schedule (adjustable) as follows:
a) When the outside air temperature is 30 degrees or lower, the 

heating water supply temperature is 170 degrees.
b) When the outside air temperature is 60 degrees or higher,  the 

heating water supply temperature is 150 degrees.

D. Monitoring and Alarms:
1. Heating Water Supply Temperature
2. Heating Water Return Temperature
3. Boiler status
4. Pump status (each pump)

3.3 CHILLED WATER SYSTEM

A. System Consists of:
1. (1) Existing air cooled 70 ton chiller – Constant Volume
2. (1) Existing chilled water pump - 7.5 hp

B. Temperature controls contractor to provide:
1. Chilled water supply temperature sensor
2. Chilled water return temperature sensor
3. Pump monitoring 
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4. Differential pressure sensor across the chiller. 

C. Operation
1. The chilled water system shall be enabled and disabled by a user defined 

schedule.
a) The chiller shall operate to satisfy building loads.

2. On a call for chilled water the chilled water pump shall be enabled. 
3. The lead chiller shall be enabled:

a) When the chilled water pump has proven flow, the chiller shall 
start and shall operate under its factory packaged controls.

b) The minimum flow across the chiller has been established (10.0 ft 
head), as sensed by the differential pressure sensors across the 
chiller.

D. Monitoring and alarms:
1. Chiller status
2. Chiller alarm
3. Chilled water supply temperature 
4. Chilled water return temperature
5. Pump status

3.4 FAN COIL UNITS / BLOWER COIL UNITS

A. System Consists of:
1. Supply Fan.
2. Hydronic Heating Coil.
3. Chilled Water Cooling Coil.
4. 3-way Heating Coil Control Valve. 
5. 3-way Chilled Water Coil Control Valve 
6. 24 VAC Controls Transformer.

B. Temperature controls contractor to provide:
1. Control wiring from manufacturer provided 3-way chilled water control 

valve to integral electronic controller mounted on fan coil unit.
2. Control wiring from manufacturer provided 3-way heating water control 

valve to integral electronic controller mounted on fan coil unit.
3. Control wiring from integral electronic controller mounted on fan coil to 

wall mounted thermostat.

C. Fan Operation:
1. The fan shall operate continuously when system is enabled.

D. Cooling Coil Operation:
1. When the space temperature rises above the set-point, the chilled water 

valve shall open to the coil to maintain the set-point.
2. When space temperature is satisfied, the chilled water valve shall be 

closed to the coil in bypass position.

E. Heating Coil Operation:
1. When the space temperature rises above the set-point, the chilled water 

valve shall open to the coil to maintain the set-point.
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2. When space temperature is satisfied, the chilled water valve shall be 
closed to the coil in bypass position.

F. There shall be a 3 degree dead-band between heating and cooling set-points.

3.5 DOMESTIC HOT WATER SYSTEM

A. System consists of:
1. (2) Existing water heaters

B. Temperature Controls contractor to provide:
1. Water heater supply temperature sensor – Discharge of each water 

heater
2. Thermostatic mixing valve supply temperature sensor

C. Monitoring and alarms:
1. Water heater supply temperature 
2. Mixing valve supply temperature

3.6 ELEVATOR SUMP PUMP

A. System consists of:
1. One elevator sump pump with integral factory mounted controls.

B. Monitoring and alarms:
1. High level alarm
2. Oil detection alarm

END OF SECTION
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SECTION 15950
TESTING, ADJUSTING, AND BALANCING

PART 1  GENERAL

1.1 SUMMARY

A. Section includes testing, adjusting, and balancing of air systems, measurement 
of final operating condition of new and existing HVAC systems.

1.2 REFERENCES

A. AABC (Associated Air Balance Council) - National Standards for  Total System 
Balance.

B. ASHRAE 111 (American Society of Heating, Refrigerating and Air-Conditioning 
Engineers) - Practices for Measurement, Testing, Adjusting, and Balancing of 
Building Heating, Ventilation, Air-conditioning, and Refrigeration Systems.

C. NEBB (National Environmental Balancing Bureau) - Procedural Standards for  
Testing, Adjusting, and Balancing of Environmental Systems.

1.3 SUBMITTALS

A. Test Reports: Indicate data on AABC National Standards for Total System 
Balance forms, or NEBB Report forms.

B. Field Reports: Indicate deficiencies in systems that would prevent proper testing, 
adjusting, and balancing of systems and equipment to achieve specified 
performance.

C. Prior to commencing Work, submit report forms or outlines indicating adjusting, 
balancing, and equipment data required.

D. Submit draft copies of report for review prior to final acceptance of Project.  
Provide final copies for Architect/Engineer and for inclusion in operating and 
maintenance manuals.

E. Provide reports in binder manuals, complete with index page and indexing tabs, 
with cover identification at front and side.  Include set of reduced drawings with 
air outlets and equipment identified to correspond with data sheets, and 
indicating thermostat locations.

F. Include detailed procedures, agenda, sample report forms and copy of AABC 
National Project Performance Guaranty or Copy of NEBB Certificate of 
Conformance Certification prior to commencing system  balance.

1.4 QUALITY ASSURANCE

A. Perform Work in accordance with AABC National Standards for Field 
Measurement and Instrumentation, Total System Balance or NEBB Procedural 
Standards for Testing, Balancing and Adjusting of Environmental Systems
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1.5 QUALIFICATIONS

A. Agency:  Company specializing in the testing, adjusting, and balancing of 
systems specified in this section with minimum three years documented 
experience certified by AABC or Certified by NEBB.

B. Perform Work under supervision of AABC Certified Test and Balance Engineer, 
NEBB Certified Testing, Balancing and Adjusting Supervisor.

1.6 SEQUENCING 

A. Sequence balancing between completion of systems tested and Date of 
Substantial Completion.

1.7 SERVICES OF MECHANICAL CONTRACTOR:

A. The Mechanical Contractor shall have all systems complete and in operational 
readiness prior to TAB services.

B. Complete operational readiness prior to commencement of TAB services shall 
include the following:
1. Construction status of building shall permit the closing of doors, etc. to 

obtain projected operating conditions.
2. Air Distribution Systems:

a) Verify installation for conformity to design.  All new supply, return, 
ventilation, and exhaust ducts terminated and pressure tested for 
leakage as required by specifications.

b) All new volume and fire dampers properly located and functional.  
Dampers shall provide tight closure and full opening, smooth and 
free operation.

c) All new and existing supply, return and exhaust grilles, registers, 
and diffusers installed.

d) New air handling systems, units and associated apparatus, such 
as heating and cooling coils, filter sections, access doors, etc. 
shall be blanked and/or sealed to eliminate excessive by-pass or 
leakage of air.

e) Drive belts shall be of proper size and tension.  Heater elements 
shall be of proper size and rating. Provide record of motor 
amperage and voltage and verify that they do not exceed 
nameplate ratings.

3. Water Circulating Systems:
a) Check and verify pump alignment and rotation.
b) Open all valves to full open position; close by-pass stop valves.  

Set mixing valves to full flow through system components.  
Remove and clean all strainers.  Repeat operation until circulating 
water is clean.

c) Record each pump motor amperage and voltage.  These shall not 
exceed nameplate rating.

d) All water circulating systems shall be cleaned, full and free of air, 
expansion tanks set for proper water level, all air vents installed at 
high points of systems and operating freely.
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e) Check and set operating temperatures of heat exchangers to 
design requirements.

4. Automatic Controls:
a) Check that all control components are installed in accordance with 

project requirements and are functional, including all electrical 
interlock damper sequences, air and water resets, POC detectors.

b) All new and existing controlling instruments calibrated and set for 
designed operating conditions with the exception of the room 
thermostats which shall be calibrated at the completion of test and 
balance.

C. As a part of work under Division 15 the Contractor shall make any changes in 
the sheaves, belts, motors and dampers as required for correct balance as 
required by the TAB firm.  The contractor under Division 15 shall make all 
corrections to the mechanical installations as required to correct all deficiencies 
found during the TAB.

D. The Contractor shall provide and coordinate work under all sections of the 
specifications as required to correct, repair or replace any and all newly installed 
deficient items or conditions found during the testing,  adjusting and balancing 
period.

E. In order that all systems may be properly tested, balanced and adjusted as 
required herein by these specifications, the Contractor shall operate said 
systems for the length of time necessary to properly verify their completion and 
readiness for TAB and during the TAB period.

F. Project contract completion schedules shall provide time frame allowance to 
permit the completion of TAB services prior to occupancy. Provide simulated 
design condition loads as necessary.

G. Documents:  The Contractor shall transmit one copy of the following records for 
review and comment by the TAB firm.
1. As-installed drawings
2. Approved fixture brochures, wiring diagrams and control diagrams.
3. Shop drawings
4. Instructions
5. Valve charts

H. Permanently mark all dampers, volume controls, and other settings after TAB.

PART 2 PRODUCTS

Not used. 

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify that systems are complete and operable before commencing work.  
Ensure the following conditions:
1. Systems are started and operating in a safe and normal condition.
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2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in 

addition to final filters.
5. New duct systems are clean of debris.
6. Fans are rotating correctly.
7. Fire and volume dampers are in place and open.
8. New air coil fins are cleaned and combed.
9. Access doors are closed and duct end caps are in place.
10. Air outlets are installed and connected.
11. Duct system leakage is minimized.
12. Hydronic systems are flushed, filled, and vented.
13. Pumps are rotating correctly.
14. Proper strainer baskets are clean and in place or in normal position.
15. Service and balance valves are open.

B. Submit field reports.  Report defects and deficiencies noted during performance 
of services, which prevent system balance.

3.2 PREPARATION

A. Provide instruments required for testing, adjusting, and balancing operations.  
Make instruments available to Architect/Engineer to facilitate spot checks during 
testing.

3.3 INSTALLATION TOLERANCES

A. Air Handling Systems: Adjust to within plus or minus 10 percent of design. 

B. Air Outlets and Inlets: Adjust total to within plus 10 percent and minus 5 percent 
of design to space.  Adjust outlets and inlets in space to within plus or minus 10 
percent of design.

C. Hydronic Systems: Adjust to within plus or minus 10 percent of design.

3.4 ADJUSTING

A. Ensure recorded data represents actual measured or observed conditions.

B. Permanently mark settings of valves, dampers, and other adjustment devices 
allowing settings to be restored. Set and lock memory stops.

C. After adjustment, take measurements to verify balance has not been disrupted or 
that such disruption has been rectified.

D. Leave systems in proper working order, replacing belt guards, closing access 
doors, closing doors to electrical switch boxes, and restoring thermostats to 
specified settings.

E. At final inspection, recheck random selections of data recorded in report.  
Recheck points or areas as selected and witnessed by the Owner.
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F. Check and adjust systems approximately six months after final acceptance and 
submit report.

3.5 AIR SYSTEM PROCEDURE

A. Adjust air handling and distribution systems to provide required or design supply, 
return, and exhaust air quantities at site altitude.

B. Make air quantity measurements in main ducts by Pitot tube traverse of entire 
cross sectional area of duct.

C. Measure air quantities at air inlets and outlets.

D. Adjust distribution system to obtain uniform space temperatures free from 
objectionable drafts. 

E. Use volume control devices to regulate air quantities only to extent that 
adjustments do not create objectionable air motion or sound levels.  Effect 
volume control by duct internal devices such as dampers and splitters.

F. Vary total system air quantities by adjustment of  fan speeds. Provide sheave 
drive changes as required to vary fan speed. Vary branch air quantities by 
damper regulation.

G. Provide system schematic with required and actual air quantities recorded at 
each outlet or inlet.

H. Measure static air pressure conditions on air supply units, including filter and coil 
pressure drops, and total pressure across the fan.  Make allowances for 50 
percent loading of filters.

I. Adjust outside air automatic dampers, outside air, return air, and exhaust 
dampers for design conditions.

J. Measure temperature conditions across outside air, return air, and exhaust 
dampers to check leakage.

K. Measure building static pressure and adjust supply, return, and exhaust air 
systems to provide required relationship between each to maintain approximately 
0.05 inches positive static pressure near the building entries.

3.6 WATER SYSTEM PROCEDURE

A. Adjust water systems, after air balancing, to provide design quantities.

B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure 
gauges to determine flow rates for system balance.  Where flow-metering  
devices are not installed, base flow balance on temperature difference across 
various heat transfer elements in the system.

C. Adjust systems to provide specified pressure drops and flows through heat 
transfer elements prior to thermal testing. Perform balancing by measurement of 
temperature differential in conjunction with air balancing.
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D. Effect system balance with automatic control valves fully open or in normal 
position to heat transfer elements.

E. Effect adjustment of water distribution systems by means of balancing cocks, 
valves, and fittings. Do not use service or shut-off valves for balancing unless 
indexed for balance point.

F. Where available pump capacity is less than total flow requirements or individual 
system parts, full flow in one part may be simulated by temporary restriction of 
flow to other parts.

3.7 SCHEDULES

A. Equipment Requiring Testing, Adjusting, and Balancing
1. Existing HVAC Pumps
2. New and Existing Air Coils
3. New and Existing Fan Coil Units
4. New and Existing Energy Recovery Ventilators
5. New Fans
6. Air Inlets and Outlets

3.8 Report Forms

A. Title Page:
1. Name of Testing, Adjusting, and Balancing Agency
2. Address of Testing, Adjusting, and Balancing Agency
3. Telephone and facsimile numbers of Testing, Adjusting, and Balancing 

Agency
4. Project name
5. Project location
6. Project Architect
7. Project Engineer
8. Project Contractor
9. Project altitude
10. Report date

B. Summary Comments:
1. Design versus final performance
2. Notable characteristics of system
3. Description of systems operation sequence
4. Summary of outdoor and exhaust flows to indicate amount of building 

pressurization
5. Nomenclature used throughout report
6. Test conditions

C. Instrument List:
1. Instrument
2. Manufacturer
3. Model number
4. Serial number
5. Range
6. Calibration date
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D. Electric Motors:
1. Manufacturer
2. Model/Frame
3. HP/BHP and kW
4. Phase, voltage, amperage; nameplate, actual, no load
5. RPM
6. Service factor
7. Starter size, rating, heater elements
8. Sheave Make/Size/Bore

E. V-Belt Drive:
1. Identification/location
2. Required driven RPM
3. Driven sheave, diameter and RPM
4. Belt, size and quantity
5. Motor sheave diameter and RPM
6. Center to center distance, maximum, minimum, and actual

F. Pump Data:
1. Identification/number
2. Manufacturer
3. Size/model
4. Impeller
5. Service
6. Design flow rate, pressure drop, BHP and kW
7. Actual flow rate, pressure drop, BHP and kW
8. Discharge pressure
9. Suction pressure
10. Total operating head pressure
11. Shut off, discharge and suction pressures
12. Shut off, total head pressure

G. Cooling Coil Data:
1. Identification/number
2. Location
3. Service
4. Manufacturer
5. Air flow, design and actual
6. Entering air DB temperature, design and actual
7. Entering air WB temperature, design and actual
8. Leaving air DB temperature, design and actual
9. Leaving air WB temperature, design and actual
10. Water flow, design and actual
11. Water pressure drop, design and actual
12. Entering water temperature, design and actual
13. Leaving water temperature, design and actual
14. Air pressure drop, design and actual

H. Heating Coil Data:
1. Identification/number
2. Location
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3. Service
4. Manufacturer
5. Air flow, design and actual
6. Water flow, design and actual
7. Water pressure drop, design and actual
8. Entering water temperature, design and actual
9. Leaving water temperature, design and actual
10. Entering air temperature, design and actual
11. Leaving air temperature, design and actual
12. Air pressure drop, design and actual

I. Air Moving Equipment
1. Location
2. Manufacturer
3. Model number
4. Serial number
5. Arrangement/Class/Discharge
6. Air flow, specified and actual
7. Return air flow, specified and actual
8. Outside air flow, specified and actual
9. Total static pressure (total external), specified and actual
10. Inlet pressure
11. Discharge pressure
12. Sheave Make/Size/Bore
13. Number of Belts/Make/Size
14. Fan RPM

J. Return Air/Outside Air Data:
1. Identification/location
2. Design air flow
3. Actual air flow
4. Design return air flow
5. Actual return air flow
6. Design outside air flow
7. Actual outside air flow
8. Return air temperature
9. Outside air temperature
10. Required mixed air temperature
11. Actual mixed air temperature
12. Design outside/return air ratio
13. Actual outside/return air ratio

K. Exhaust Fan Data:
1. Location
2. Manufacturer
3. Model number
4. Serial number
5. Air flow, specified and actual
6. Total static pressure (total external), specified and actual
7. Inlet pressure
8. Discharge pressure
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9. Sheave Make/Size/Bore
10. Number of Belts/Make/Size
11. Fan RPM

L. Duct Traverse:
1. System zone/branch
2. Duct size
3. Area
4. Design velocity
5. Design air flow
6. Test velocity
7. Test air flow
8. Duct static pressure
9. Air temperature
10. Air correction factor

M. Duct Leak Test:
1. Description of ductwork under test
2. Duct design operating pressure
3. Duct design test static pressure
4. Duct capacity, air flow
5. Maximum allowable leakage duct capacity times leak factor
6. Test apparatus

a) Blower
b) Orifice, tube size
c) Orifice size
d) Calibrated

7. Test static pressure
8. Test orifice differential pressure
9. Leakage

N. Air Distribution Test Sheet:
1. Air terminal number
2. Room number/location
3. Terminal type
4. Terminal size
5. Area factor
6. Design velocity
7. Design air flow
8. Test (final) velocity
9. Test (final) air flow
10. Percent of design air flow

END OF SECTION
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SECTION 16050

BASIC ELECTRICAL MATERIALS AND METHODS

PART 1 GENERAL

1.1 RELATED WORK

A. Examine all Drawings, Specifications, and associated Contract documents and 
coordinate them with work described in this Division of the Specification.

1.2 DESCRIPTION OF WORK

A. The work covered by Division 16 of the Specifications includes the furnishing of all 
materials, labor, transportation, tools, permits and fees, and incidentals necessary for the 
complete installation of all electrical work required in the Contract Documents.

B. It is the intent of the Contract Documents to provide an installation complete in every 
respect.

C. All items noted, indicated, and called for herein and on the Drawings shall be furnished 
and installed by this Contractor unless noted to be furnished by others.  These items may 
include wiring, conduit systems, electrical equipment, and other electrical systems 
required for a complete system.

D. In the event that additional or special construction is required, the Contractor is 
responsible for providing all material and equipment which are usually furnished with 
such construction in order to complete the installation, whether indicated or not.

E. The Contractor is advised to visit the premises and thoroughly familiarize himself with 
existing conditions including any conditions on which his work might depend.  Advise the 
Architect of any discrepancy or conflict prior to bidding.

1.3 DRAWINGS AND SPECIFICATIONS

A. These Specifications are accompanied by Drawings and details of the installations 
indicating the locations of equipment, outlets, controls, circuits, and related items.  The 
Drawings and these Specifications are complimentary to each other, comprising the 
Contract Documents, and what is required by one is as binding as if required by both.  
Where conflicts may occur between the Drawings and the Specifications, the most 
stringent interpretation of the design concept is binding unless the Engineer waives this 
provision.

B. If the Contractor deems it necessary to change or depart from indications, requirements, 
or similar instructions of the Drawings or Specifications, submit to the Architect or 
Engineer for review details of and reasons for the proposed departures.  Do not make 
changes or departures without prior approval.

1.4 CODES, STANDARDS AND FEES

A. General code compliance:
1. In general, comply with the current editions of the standards issued by the 

following organizations or governing bodies:
a. General code requirements:

1) National Electrical Code (NEC) (NFPA 70).
2) International Building Code (IBC).
3) International Fire Code (IFC).
4) Underwriters Laboratories (UL).

b. Manufacturer’s standards:
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1) National Electrical Manufacturers Association (NEMA).
2) American National Standards Institute (ANSI).
3) Certified Ballast Manufacturers (CBM).

c. Governmental standards and codes:
1) Occupational Safety and Health Acts (OSHA).
2) Federal Americans with Disabilities Act (ADA).
3) State of Texas Elimination of Architectural Barriers Act (Texas 

Civil Statutes).
4) City of Amarillo Electrical Codes and Ordinances. 

d. The terms and conditions of services provided by the following utilities:
1) Xcel Energy (Xcel).
2) AT&T.
3) Suddenlink.

e. Any other authorities that may have lawful jurisdiction pertaining to the 
work specified.

2. Refer to the individual Specification Sections for detailed references to applicable 
standards.  Where specific codes or standards are listed individually in other 
sections of these Specifications, the intent is to call attention to the requirements 
of these particular codes or standards and not to imply that the previously listed 
codes or standards do not apply.

B. None of the terms or provisions of this Specification waive any of the rules, regulations, 
or requirements of authorities with standards governing the construction work.  In any 
instance where these Specifications call for materials for construction of a better quality 
or larger size than required by the codes, the provisions of these Specifications take 
precedence.

C. In case of direct conflict between applicable Codes and the Contract Documents, the 
Codes govern.

D. The Contractor is responsible for all permits, fees, and licenses required due to or 
because of this project.  Include costs of all such permits or fees in the bid.  No additional 
compensation will be made for any required inspection, permit, license, or fee.

1.5 SUPERVISION AND OBSERVATION OF THE WORK

A. Supervision of the work:
1. Provide a competent foreman at the building site to receive instructions and to 

act for the Contractor.
2. The Contractor is solely responsible for work methods, jobsite safety 

considerations, and contract compliance at the project site.
3. The Engineer has no authority to exercise any control over work, health, or safety 

precautions.  All such items are the Contractor’s sole responsibility.

B. Observation of the work:
1. The Engineer or Engineer’s representative reserves the right to observe the work 

at any time.
2. Give assistance, as may be required, to the Engineer or Engineer’s 

representative or observer during inspection of the work.
3. The observation of the work and other professional activities of the Engineer 

shall not relieve the Contractor of his obligations, duties, and responsibilities 
including construction means, methods, sequences, techniques, or procedures 
necessary for performing, superintending, or coordinating all portions of the 
construction work.

4. The presence of the Engineer or Engineer’s representative at the job site or his 
observance of the Contractor’s work does not relieve the Contractor of any safety 
or work related responsibilities.
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5. The Engineer’s periodic inspections do not constitute a warranty by the Engineer, 
nor do they imply a fiduciary duty on the part of the Engineer to certify that the 
work is complete in all respects or performed completely in accordance with all 
Contract Documents. The responsibility for compliance with the Contract 
Documents rests with the Contractor.

1.6 REVISIONS TO THE WORK

A. All addendum and change order items are governed by the same terms and conditions 
as the Contractor’s initial contract with the Owner.

B. Expeditiously carry out, in a timely manner, authorized changes or recommendations 
made by appropriate persons.

C. Change orders:
1. Refer to the General and Special Conditions for the appropriate manner for 

submitting any change orders.
2. All proposed change orders shall be presented in written form to the Architect for 

acceptance or denial by the Owner.
3. Contractor initiated change orders shall be formally made only after discussion 

with the Engineer regarding reasons for the anticipated change.
4. Provide complete break-downs of costs in all change orders with details of 

material quantities, quantity costs, man-hours required, cost per man-hour, 
overhead, and profit clearly set out in the change order.  Provide a clear 
indication of any overall cost increase or decrease.

5. Minor changes in the work, which require little or no increase in the cost of 
construction and which will not require a change in the construction contract, do 
not require formal change orders.  However, these changes must be approved by 
all parties concerned.

6. Unless specifically authorized otherwise, the Contractor must present each 
proposed change order as the matter comes up and not present omnibus change 
orders at the completion of the project.

D. Replace or revise any materials or workmanship that are deemed unsatisfactory due to 
improper selection or placement of equipment or materials, or due to incomplete 
installation.

1.7 WARRANTY

A. General warranty:  Guarantee all materials and workmanship for proper operation and 
service for a period of one year after the final acceptance of work.

B. Warranty work includes furnishing both materials and labor to replace the defective items.

C. Extended warranty:
1. Where noted in another Section or Division of the Specifications, such as for 

lighting fixture ballasts, extend warranty past twelve months to the time limit 
noted.

2. Magnetic ballasts shall be warranted for a period of at least 2 years from time of 
acceptance.

3. Electronic ballasts shall be warranted for a period of at least 5 years from time of 
acceptance.

4. Surge protective devices shall be warranted for a period of at least 2 years from 
time of acceptance

5. Occupancy sensors shall be warranted for a period of at least 2 years from time 
of acceptance.

D. Lamps:
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1. Lamps shall be warranted for the manufacturer’s standard published average 
lifetime, or the project one year warranty period, whichever is less.

2. Lamp lifetime shall be measured from the time of the Owner’s acceptance of the 
project and not from the time of first energization.

3. If lamps do not meet this lifetime criteria, they shall be replaced at the 
Contractor’s expense during the warranty period.

4. Where questions arise as to the actual “burn time” of the lamps, the Owner shall 
furnish to the Contractor estimates of the actual lamp burn time.

5. Replacement lamps shall be new and not drawn from the Owner’s spare stock.

1.8 TEMPORARY ELECTRICAL SERVICES

A. Division 16 is solely responsible for the installation and removal of temporary electrical 
service unless approved otherwise by the Architect or Engineer.

B. The installation and removal of temporary electrical service shall not be excluded from 
the contract.

C. Payment for costs of energy usage:
1. Metered utility electrical use (energy charges) for new buildings, whether 

received from temporary or permanent services, shall be paid for by the 
Contractor until the Owner accepts the building.

2. Division 16 shall not be responsible for paying for the metered utility energy 
charges unless agreed to with the other trades.

D. Scope of temporary electrical services required:
1. Provide reasonable and necessary power and lighting services for construction.
2. It is not the intention of these Specifications to require that electrical service be 

mandated for specific types of equipment (such as hoist, elevators, or pumps) 
that can be or have been served by other means.

3. Temporary lighting levels for construction:
a. At least 20 footcandles, as measured on the floor or work surface.
b. As uniform as practical given job conditions and layout of construction.
c. Provide in areas and at such times as adequate natural light is not 

available during construction hours.
4. Receptacle layout, ground fault protection, grounding testing, and similar items 

must equal or exceed those prescribed by OSHA.
5. Any permanently installed receptacles used for temporary construction services 

shall be ground fault protected per NEC.
6. Refer to NEC Article 305 for additional requirements of temporary wiring 

systems.

E. Utilization of permanent lighting for construction services:
1. Clean fixtures used for temporary service during construction and bring up to 

new equipment condition.
2. Replace lamps which are utilized for temporary service during construction and 

have significant burn times with new lamps within five (5) days of final inspection 
or when directed by Architect.

F. Establishment of construction services:
1. Temporary construction services may include the installation of temporary utility 

transformers and services, use of portable generators, or other suitable means.
2. If utility construction services are required, the contractor is responsible for 

contacting the utility and paying for any costs associated with the establishment 
and removal of the construction service.

3. Utilize construction service until the permanent service is installed and available 
for use.
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4. Site temporary facilities so that they do not conflict with permanent construction 
or remove as soon as practical when permanent construction moves into their 
area.

1.9 BUILDING CONSTRUCTION AND LAYOUT OF WORK

A. Consult all Drawings and Specifications to thoroughly familiarize oneself with the type 
and quality of construction to be provided on this project.

B. The electrical Drawings are diagrammatic in character.  Installation details are subject to 
the requirements of structural and architectural conditions as well as code and ordinance 
provisions.

C. Plan the installation so that work will be concealed in walls, ceilings, chases and related 
portions of the building unless specifically noted or indicated to be exposed.

D. The location of electrical items is indicated approximately on the Electrical Drawings.  
These Drawings are not intended to give complete and exact details in regard to location 
of outlets, equipment, and other items.  Exact locations are to be determined by actual 
measurements and equipment shop drawings.  Symbols or notes for equipment starters, 
disconnects, and similar items are provided to alert the Contractor of the need for such 
equipment and are not to be construed to identify the exact placement of the required 
items.

E. Consult the Architectural Details to determine wall finishes and locations of wall mounted 
signs, boards, mirrors, and similar items to insure that electrical outlets do not interfere 
with wall finishes or materials attached to walls.

F. Any switch, receptacle, lighting fixture, outlet, junction box, panelboard, and similar type 
of equipment that interferes with existing or new finishes, conflicts with other equipment, 
or compromises the use of the facilities by the Owner, may be moved up to 10 feet 
without additional cost to the Owner, Architect, or Engineer.

1.10 SUBMITTAL AND APPROVAL OF MATERIALS

A. Within a minimum of 30 days after the contract has been awarded, submit for approval 
complete data covering equipment and materials, which the Contractor proposes to 
furnish and for which submittal information is required.  Consult the General, 
Supplementary General, and Special Conditions of the Contract Documents to determine 
if a faster response time than 30 days is required.

B. General submittal requirements:
1. Before submitting shop drawings or any related material to the Engineer, 

Contractor shall:
a. Thoroughly review safety practices, precautions, and programs for the 

construction process and determine if any proposed or indicated 
construction or sequences of construction will or may possibly cause 
undue hazards, fail to properly protect workers, or otherwise violate the 
letter or intent of applicable safety practices.  Any such questions of 
compromise of safety shall be brought to the immediate attention of the 
Architect.

b. Review each submission for conformance with the means, methods, 
techniques, sequences, and operations of construction.

c. Coordinate all items to determine if the physical sizes of the submitted 
items are in accordance with the allowable sizes or dimensions as 
indicated on the Drawings and as called for on any dimensioned 
Architectural plans.
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d. Approve each submittal prior to submission.  Stamp or otherwise 
acknowledge that the submission has been reviewed and approved prior 
to submission.

e. Notify and document in the submittal index any deviation from specified 
materials.

f. Furnish complete, and as specified (both on the Drawings and in the 
Specifications), any minor or miscellaneous items not submitted for 
review.  Otherwise, all items will be assumed to be furnished complete 
and as specified.

2. Submit data in three ring hard back binders sized for 8-1/2” X 11” enclosures.  
Larger format submittals, such as equipment layouts or special shop drawings, 
shall be edge bound and folded to fit 8-1/2” X 11” size and adequately attached 
with the submittal.

3. Submit all data at one time.  Partial submittals may only be made for large 
projects and only with the prior approval of the Engineer.

4. The Engineer reserves the right to directly charge the Contractor for time and 
material costs, at standard hourly rates, if more than two (2) submittals of the 
same class or type of materials or equipment is required to obtain substitution 
approval.

5. The Engineer, Architect, and Owner will each retain one copy of each submittal.  
Provide sufficient additional copies for the Contractor’s use and the use of his 
suppliers.

C. Submittal documents:
1. Provide a cover sheet with the following information:

a. Title of the submittal.
b. Name and location of the building or project.
c. Name of the entity making the submittal.
d. Supply house(s) supplying the equipment.
e. Date of the submittal.
f. Space on cover sheet or associated area that can accept a submittal 

review stamp from the Engineer.
2. Follow the Specification format with each major category of equipment having its 

own manila divider referenced to the particular section of the Specifications.  
Provide a separate detailed listing included at the front of each section of the 
submittal listing each item by item as follows:

PRODUCT SPECIFIED:MFG. NAME AND NUMBER
PRODUCT PROPOSED: MFG. NAME AND NUMBER

The detailed listing may be omitted for lighting fixtures if the subsequent 
catalog cut sheets properly indicate all features of the lighting fixtures 
including type, complete catalogue number, ballasts, etc.

3. Equipment requiring submittal:
a. Lighting fixture assemblies including submittal data for:

1) Enclosures and housings.
2) Photometrics reports.
3) Lenses.
4) Lamps.
5) Magnetic ballasts.
6) Electronic ballasts.

b. Panelboards, switchboard, motor control center, and transformers.
c. Disconnect and safety switches including the individual loads that they 

supply
d. Separately mounted starters and the loads that they control.
e. Contactors and photocell.
f. Fuses.
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g. Metering enclosures.
h. Wiring devices and plates.
i. Floor boxes and covers.
j. Fire alarm system components.
k. Dimmer system components.
l. Occupancy sensors and systems.
m. Other special system components and equipment.

4. At the Engineer’s request, the following equipment and items must also be 
submitted:
a. Conduit, raceways, and fittings.
b. Wires and cables.
c. Boxes.

D. Submittal approval and review:
1. Submittals which are submitted in the manner outlined previously will be 

reviewed by the Engineer.
2. The Engineer will make a good faith effort to check and review the submittals 

during the normal course of business.
3. The Contractor shall notify the Engineer of any time constraints for equipment 

order placement, release, or similar issues that make or may make expeditious 
submittal approval required.

4. The Engineer’s approval and review process is provided under the following 
conditions:
a. Review of a manufacturer’s engineered systems or manufactured 

components, whose design is under the sole control of the manufacturer, 
will not be made.

b. The Engineer may require additional documentation, tests, information, 
or other data in order to finalize the approval process.

c. If additional documentation or information is not provided, is provided in 
an unsatisfactory manner, or is not provided in a timely manner, the 
affected materials and equipment shall be furnished as specified, 
complete in all respects.

d. The approval review will be performed only for general conformance with 
the design concept of the project and general compliance with the 
information given in the Contract Documents.

e. No attempt to check quantities of equipment will be made.  The 
Contractor is solely responsible for providing the correct numbers of all 
items.

f. Modifications or comments made on or attached to the shop drawings or 
submittals do not relieve the Contractor from compliance with the 
requirements of the Drawings and Specifications.

g. Approval of a specific item does not necessarily convey approval of the 
assembly of which the item is a component.

1.11 SUBSTITUTIONS

A. General requirements:
1. The listing of product manufacturers, catalog numbers, etc., on the Drawings and 

in the various sections of the Specifications is generally intended to establish a 
standard of quality for those products.

2. Selection of items or equipment specified or indicated to be furnished is based on 
engineering judgment regarding application, physical sizes or shapes, 
dimensions, performance levels, efficiencies, maintenance conditions, colors, 
materials available, comparison to similar products, and other attributes and 
conditions that may not be obvious or apparent to those wishing to obtain 
approval for substitution.
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B. Prior approvals:
1. All manufacturers listed on the Drawings or in a particular Section of the 

Specifications as “Approved Manufacturers” are pre-approved to furnish the 
specified products only provided that their offered products meet the 
Specifications.

2. Manufacturers not listed on the Drawings or in a particular Section of the 
Specification, as “Approved Manufacturers” require prior approval to furnish their 
products on the project.

3. Where the Specifications refer to “or equal,” “Engineer approved equal,” or 
similar language, the intent of the Specifications is to require approval of 
substituted items prior to bidding and not after bidding.

4. The Engineer may waive the prior approval requirement due to unusual project 
conditions, such as lack of qualified vendors, if requested.

5. Substitution requests must be received by the Engineer at least 10 working days 
before bid date.

6. Requests must include a detailed listing of all products with adequate data 
sheets for the Engineer to make detailed comparison with specified products.

7. Unless special or modified construction is required, all substituted products must 
be standard manufactured items normally produced by the manufacturers 
requesting substitution.

8. Unsuccessful attempts to provide adequate or acceptable samples will cause the 
proposed substitution to be rejected.

9. It is the responsibility of the Contractor to review all items he wishes to substitute 
with the Engineer to determine if such substitutions meet the requirements and 
intent of the Specifications and the Drawings.

10. It is the right of the Engineer to review any and all substitutions and to reject any 
items that the Engineer deems unacceptable.

C. The Contractor may request substitution materials or methods (unless such substitution 
is prohibited on the Drawings or in the Specifications), which he feels are equal or 
superior to those specified.  If the Contractor does submit alternate materials or methods, 
it is understood that the Contractor:
1. Has investigated the substitute product and determined that it has all the same 

accessories and is equal to or superior in all respects to the product specified.
2. Has investigated the substitute product and determined that while it is not 

superior to the product specified, it offers other features or options that the 
Engineer may consider to be advantageous to the product or equipment 
specified.

3. Has coordinated the installation of the equipment, which he proposes to 
substitute with all trades and includes the costs for any changes required for the 
substitution.

4. Waives any and all claims for additional costs related to the substitution.
5. Will secure authorization for substitution from the Engineer prior to ordering and 

installing the substitute.

D. Uniformity of equipment selection and application:
1. Categories of equipment require that uniformity across the equipment line be 

maintained and providing related products from more than one manufacturer of 
similar equipment will not meet the intent of these Specifications.

2. Unless noted otherwise, the following categories of items shall each be furnished 
by a single manufacturer:
a. Switchboard, panelboards, and disconnect switches.
b. Starters and contactors.
c. Lighting fixture lamps.
d. Fuses.
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e. Electronic linear fluorescent ballasts.
f. Wiring devices and plates.

3. The Contractor is advised that lighting fixtures may require uniformity in areas 
such as number of louvers per fixtures, louver finish, downlight cone appearance, 
aperture size, or similar constraints.

4. The Engineer reserves the right to disqualify a manufacturer from supplying a 
portion of the items in a category if the manufacturer cannot furnish all items in a 
category or if the proposed items in the category do not meet uniformity or 
appearance conditions.

1.12 RECORD DRAWINGS

A. Keep a set of Drawings on the job, noting all changes made in these Drawings in 
connection with the final installation including dimensioned locations of all lines and 
utilities outside the building.

B. Turn over to the Architect, for delivery to the Owner, at least one clean, neatly marked set 
of blue line drawings showing “as-installed” work.

1.13 FIRE SEALING

A. All electrical penetrations through fire rated walls, floors, and ceilings shall be fire sealed 
to prevent the propagation of smoke and fire, regardless of whether they are enclosed in 
raceways or are free-wired.

B. Provide fire sealing in all locations required by applicable Codes.

C. Utilize materials suitable for the intended service.

D. See Section 16130 (Raceways and Boxes) for fire sealing requirements and methods.  
Fire sealing shall be provided for both raceway and free-wired low voltage cabling 
through firewalls or fire barriers.

PART 2 PRODUCTS

2.1 STANDARDS FOR MATERIALS

A. Standards for materials and equipment are minimum standards.  Materials and 
equipment selected for use in the project may be required to exceed the minimum testing 
and labeling standards.

B. Minimum standards shall include the following (where standards for the particular 
material or equipment are available):
1. National Electrical Code (NEC) requirements.
2. Underwriters Laboratories (UL).

C. Labels and marks:
1. Individual components must bear the UL Component Recognition marking 

(backwards UR symbol) for items such as wiring, power supplies, switches, etc.
2. Assembled equipment must bear the UL mark (UL inside of a circle) based on 

published UL Standards for Safety.

D. Material and equipment testing:
1. Materials must be tested to applicable UL standards and shall have passed the 

respective test requirements.
2. The listing and/or labeling will be accepted as evidence that the materials or 

equipment conform to the applicable standards of that testing organization.
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2.2 STANDARDS PRODUCTS

A. Materials and equipment are generally selected from standard products of manufacturers 
regularly engaged in the manufacture of products conforming to these Specifications.

B. Custom designed products or product modifications are project specific and require 
adherence to the design conditions.

2.3 CONDITION OF MATERIALS AND APPURTENANCES

A. All conduit, conductors, fixtures, panelboards, switchboard, and other material systems 
must be new unless otherwise specified.

B. Replace any equipment injured or damaged in transit from the factory, during delivery to 
premises, while in storage on premises, while being erected and installed, or while being 
tested, until time of final completion, without extra cost to Owner.

PART 3 – EXECUTION

3.1 SPACE AND EQUIPMENT ARRANGEMENT

A. Install equipment to allow ready access to parts requiring operation or service without 
disassembly of other equipment.

B. Maintain working clearances as required by the NEC as follows:
1. NEC working clearances shall be maintained as directed by Article 110.
2. Working clearances required by the NEC are minimum standards.  Provided 

additional clearance where needed or where indicated on the Drawings.
3. Required working clearances shall be maintained for at least the following 

general categories of equipment:
a. Disconnect switches, safety switches, starters, and contactors (front of 

equipment).
b. Panelboards (normally front of equipment).
c. Switchboard (normally front of equipment, but may include sides).
d. Enclosed transformer housing access plates (normally front of 

transformer).
e. HVAC and mechanical unit electrical access plates.

4. Contact Engineer for questions on interpretations of clearance requirements.

C. Provide adequate clear width for equipment maintenance.  Minimum width is 30” for 
equipment operating at 600V or less.

D. Protect equipment against construction and weather damage.

E. Any large piece of apparatus, which is too large to permit access through completed 
building openings shall be brought to the job and placed in the space before the 
enclosing structure is completed.

3.2 CUTTING AND PATCHING

A. Where it becomes necessary to cut through any wall, floor, or ceiling to permit installation 
or repair of any electrical work, such cutting must be approved by the Architect.

B. The Contractor is not permitted to cut or modify any structural members without the 
written permission of the Architect.

3.3 CLEANING

A. Keep the premises free from accumulations of waste material or rubbish.



16050 - 11

B. At completion of the job, remove all tools, scaffolding, and surplus materials and leave 
the area “broom clean”.

3.4 SLEEVES AND PENETRATIONS

A. Install conduit sleeves in a timely manner so as not to impede other trades.  Moisture 
seal sleeves in a manner approved by the Architect.

B. Install pitch pans and flashing for roof penetrations that are compatible with the roofing 
systems.  Roof penetrations are subject to the approval of the Architect.

3.5 SUPPORTS

A. Provide all supporting equipment necessary to erect the electrical system.  This support 
may consist of, but is not limited to, items such as channels, structural members, ceiling 
support wires, brackets, anchors, inserts, and similar items.

B. Install supports in a safe and structurally sound manner paying attention to the mounting 
surface and structural characteristics.  Any supporting methods in question must be 
called to the attention of the Architect or Engineer for resolution.

3.6 EQUIPMENT AND HOUSEKEEPING PADS

A. Each piece of floor-mounted equipment, such as switchboards, generators, motor control 
centers, and transformers, requires a neat cement-finished, structural grade concrete 
base.

B. Equipment located on upper floors not subject to water exposure may be installed directly 
on concrete floors provide rubber vibration pads between each of the transformer 
mounting feet and the floor surface.

C. Minimum requirements for equipment or housekeeping pads:
1. Pour bases not less than 4” high.  Provide additional height if required by the 

Drawings or to match extensions of existing pads.
2. Tool finish pads and provide a ¾” chamfer along all exposed tops of sides.
3. Reinforce pad with #10 10X10 welded wire mesh placed in the center of the pad.  

Reinforce pad with #4 reinforcing bars laid 12” on center both ways and placed in 
the center of the pad.  Keep bars at least 3” from the sides of the pads for 
generator.

4. Pin pads to floor with short lengths of re-bar extending at least 3” into the floor 
and at least 3” into the pad.

5. Pin pads to any adjacent existing concrete structures.
6. Minimum 28-day compressive strength of pad is 3,000 psi.

3.7 ELECTRIC CONTROL WIRING OF HVAC MOTORS AND MOTOR-OPERATED EQUIPMENT

A. Control wiring of HVAC motors and motor-operated equipment:
1. General requirements

a. It is the intent of these specifications to provide a clear delineation of 
responsibilities for the providing of electrical control wiring.

b. Divisions 15 and 16 shall jointly coordinate with each other to insure that 
all control wiring is provided as described. 

c. All required items shall be furnished under the contract, with 
responsibilities of specific items as described hereafter, or in Division 15 
Specifications.

d. While these specifications indicate the contract responsibilities of the 
various Divisions, they do not prevent job-site mutually agreed upon 
revisions or modifications to these responsibilities provided that ultimate 
contract responsibilities are retained as described in the Specifications.

2. Responsibilities of Division 15 (Mechanical).
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a. Furnish and set in place, ready for electrical connection, all HVAC 
motors and motor-operated HVAC equipment unless specifically noted 
otherwise.

b. Provide and set in place all HVAC control devices, such as relays, 
thermostats, electrically operated valves, control panels, and related 
items.

c. Provide and install all HVAC and energy management system 
interconnecting control wiring as follows:
1) Install wiring between the equipment and its associated control 

point.
2) Install all control wiring in conduit unless noted otherwise.  

Minimum conduit size is ½”, except where connections at indoor 
equipment terminals allow use of 3/8” flex.

3) Install all HVAC control wiring in accordance with Section 16123 
and 16130.

4) Coordinate with Division 15 to obtain wiring diagrams for the 
installation of the control wiring.

5) Where conductor sizes and numbers to various control 
connections are indicated on the Drawings, these are for 
reference only and require coordination between Divisions 15 
and 16 to insure that all wiring is correct according to the 
selected equipment manufacturer’s recommendations.  Provide 
additional wiring or conductor sizes as required to satisfy 
specified functions or to connect to equipment furnished.

B. Control wiring for other systems:
1. Provide and install control, actuation, and associated interconnecting control 

wiring for fire alarm system auxiliary components, including connections to 
electrically operated smoke dampers, HVAC smoke control systems, air handling 
unit starters, and similar equipment.

3.8 DISPOSAL

A. Items not retained by the Owner or Contractor for their use shall be disposed of in an 
official sanitary landfill or delivered to the local City refuse collection system, provided 
such items are suitable for ordinary disposal.

B. Disposal shall conform to the EPA “Universal Waste Rule.”

3.9 CONNECTION OF EQUIPMENT

A. Carefully examine the Drawings and Specifications for details regarding the construction 
of the electrical systems.

B. Verify voltage, phase, ampacity, and connection requirements of all electrically operated 
equipment furnished by other trades.  If the actual equipment furnished varies materially 
from that intended for connection, notify the Architect or Engineer for resolution of 
connection details.

C. Verify rotation of all motor operated equipment or other equipment that is rotation 
sensitive.  Rotation shall be verified prior to voltage application to equipment unless 
approved otherwise.

D. Carefully examine all documentation furnished with electrical equipment prior to installing 
connections and operating equipment.

E. Any equipment requiring certification, testing, calibration, or similar work by others prior to 
normal operation shall have such work performed by certified individuals or 
manufacturers prior to operation of the equipment.
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3.10 WARRANTY DOCUMENTATION

A. Deliver all warranty documentation to the Owner after acceptance of the building by the 
Owner.

B. Documentation shall include sufficient information including manufacturer, local 
representative, type and model numbers of equipment, date of Owner’s acceptance, 
length of warranty period, and similar data.

3.11 IDENTIFICATION AND LABELING

A. Properly mark disconnect switches, panelboards, switchboards, special purpose device 
plates, designated receptacles, junction boxes, outlet boxes, etc., to identify their service 
or designation.  Refer to section 16075.

3.12 CONDITIONS OF EQUIPMENT AT FINAL ACCEPTANCE

A. Prior to the time of acceptance, inspect all installed systems to assure that all 
construction is complete and premises are clean.

B. Insure that all lighting fixtures are operating and that lenses and reflectors are free of 
dust, debris, and fingerprints.

C. Lighting fixture lamps must be new or do not have significantly reduced lifetimes.

D. Switchboard and panelboards must have all conductors neatly formed, laced and made-
up tight.

E. Equipment enclosures and plates shall be cleaned of stray paint, dust, grease and visible 
fingerprints.

F. All circuit directories and labels are in place.

G. All scratched surfaces are touched-up with paint matching original paint type and color.  
Where paint cannot be matched, repaint the entire surface in a color and manner 
approved by the Architect. 

H. Equipment lock keys shall be delivered to the Owner and not left in enclosures.

I. Spare lamps and spare ballasts have been delivered to Owner and a signed receipt 
obtained.

END OF SECTION
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SECTION 16060

GROUNDING AND BONDING

PART 1 GENERAL

1.1 SUMMARY

A. Section Includes:
1. Rod electrodes.
2. Wire.
3. Mechanical connectors.
4. Exothermic connections.

B. Related Sections:
1. Section 03300 – Cast in Place Concrete: Bonding or welding bars when 

reinforcing steel is used for electrodes.

1.2 REFERENCES

A. Institute of Electrical and Electronics Engineers:
1. IEEE 142 - Recommended Practice for Grounding of Industrial and Commercial 

Power Systems.
2. IEEE 1100 - Recommended Practice for Powering and Grounding Electronic 

Equipment.

B. International Electrical Testing Association:
1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems.

C. National Fire Protection Association:
1. NFPA 70 - National Electrical Code.

1.3 SYSTEM DESCRIPTION

A. Grounding systems use the following elements as grounding electrodes:
1. Metal underground water pipe.
2. Metal building frame.
3. Concrete-encased electrode.
4. Rod electrode.

1.4 SUBMITTALS

A. Section 01300 - Submittals: Requirements for submittals.

B. Product Data: Submit data on grounding electrodes and connections.

1.5 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Requirements for submittals.

B. Project Record Documents: Record actual locations of components and grounding 
electrodes.

1.6 QUALITY ASSURANCE

A. Provide grounding materials conforming to requirements of NEC, IEEE 142, and UL 
labeled.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Section 01600 – Material and Equipment: Requirements for transporting, handling, 
storing, and protecting products.
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B. Accept materials on site in original factory packaging, labeled with manufacturer's 
identification.

C. Protect from weather and construction traffic, dirt, water, chemical, and mechanical 
damage, by storing in original packaging.

D. Do not deliver items to project before time of installation. Limit shipment of bulk and 
multiple-use materials to quantities needed for immediate installation.

1.8 COORDINATION

A. Complete grounding and bonding of building reinforcing steel prior concrete placement.

PART 2 PRODUCTS

2.1 ROD ELECTRODES

A. Manufacturers:
1. Copperweld, Inc.
2. Erico, Inc.
3. Substitutions: Section 01600 – Material and Equipment.

B. Product Description:
1. Material: Copper-clad steel

2. Service Entrance Grounds: 3/4 inch diameter and 10 feet in length.

3. Supplemental Ground Rods: 1/2 inch diameter and 6 feet in length.

4. Pole Base Grounds: 1/2 inch diameter and 6 feet in length.
5. Connector: Connector for exothermic welded connection.

2.2 WIRE

A. Material: Stranded copper.

B. Foundation Electrodes: 4 AWG.

C. Grounding Electrode Conductor: Copper conductor bare or insulated.

D. Bonding Conductor: Copper conductor bare or insulated.

2.3 MECHANICAL CONNECTORS

A. Manufacturers:
1. Erico, Inc.
2. Substitutions: Section 01600 – Material and Equipment.

B. Description: Bronze connectors, suitable for grounding and bonding applications, in 
configurations required for particular installation.

2.4 EXOTHERMIC CONNECTIONS

A. Manufacturers:
1. Cadweld, Erico, Inc.
2. Substitutions: Section 01600 – Material and Equipment.

B. Product Description: Exothermic materials, accessories, and tools for preparing and 
making permanent field connections between grounding system components.
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PART 3 EXECUTION

3.1 EXAMINATION

A. Section 01500 – Construction Facilities and Temporary Controls: Verification of existing 
conditions before starting work.

B. Verify final backfill and compaction has been completed before driving rod electrodes.

3.2 PREPARATION

A. Remove paint, rust, mill oils, and surface contaminants at connection points.

3.3 GENERAL INSTALLATION REQUIRMENTS

A. Install in accordance with IEEE 142 and NEC Article 250.

B. Install rod electrodes at locations as indicated on Drawings.

C. Install grounding and bonding conductors concealed from view.

D. Permanently ground entire light and power system in accordance with NEC, including 
service equipment, distribution panels, lighting panelboards, switch and starter 
enclosures, motor frames, grounding type receptacles, and other exposed non-current 
carrying metal parts of electrical equipment.

3.4 RACEWAY GROUNDING CONDUCTORS

A. Install branch circuits feeding isolated ground receptacles with separate insulated 
grounding conductor, connected only at isolated ground receptacle, ground terminals, 
and at ground bus of serving panel.

B. Accomplish grounding of electrical system by using insulated grounding conductor 
installed with feeders and branch circuit conductors in conduits. Size grounding 
conductors in accordance with NEC. Install from grounding bus of serving panel to 
ground bus of served panel, grounding screw of receptacles, lighting fixture housing, light 
switch outlet boxes or metal enclosures of service equipment. Ground conduits by means 
of grounding bushings on terminations at panel boards with installed number 12 
conductor to grounding bus.

3.5 MAIN GROUNDING ELECTRODE CONDUCTOR AND BONDING JUMPER

A. Provide at the service entrance as follows:
1. Ground and grounding conductors shall be copper only.
2. Size ground and grounding conductors per NEC Article 250 or larger as so 

indicated on the Drawings.
3. Grounding conductors located inside equipment enclosure may be either bare 

copper splice plates(s) or insulated copper conductor(s).
4. Grounding conductor(s) run outside of the service equipment shall be insulated 

copper conductor(s) enclosed by conduit.
5. Attachment to grounding electrodes shall be as required by NEC 250-70.
6. Grounding electrode conductors shall be installed as required by NEC 250-24 

between the main service equipment ground bar and the grounding electrode(s) 
external to the service equipment.  Maximum size of the grounding electrode 
conductor shall be #4/0 unless noted otherwise.

7. The main bonding jumper(s) between the service equipment solid neutral bar and 
its ground bar shall be sized as per NEC 250-28 and Table 250-66.  The size of 
the bonding jumper(s) shall be at least 12.5% of the combined conductor sizes of 
any service entrance phase.  Where provided by the equipment manufacturers, 
bonding plates (or screws for small installations) are acceptable in lieu of 
Contractor installed bonding jumpers.
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B. Run the grounding electrode conductor from the service entrance equipment ground bar 
to the following locations.  The listing of the grounding electrodes is in order of preference 
from best to least effective:
1. The building main cold water service metal pipe within 5 feet of where the cold 

water enters the building.  Attachment may be through a flange bolt head lug, a 
suitable clamp or U-bolt connector fitted around  the pipe circumference, a 
terminal lug exothermically welded to the metal pipe, or other method approved 
by the Engineer.  Where dielectric unions exist in the cold water metal pipe 
outside the building, provide properly sized bonding shunt strap around the water 
meter and all dielectric unions in the water pipe.  Bonding straps to water service 
meters may be omitted where prohibited by the local Authority Having 
Jurisdiction.

2. A main structural steel member of the building where the building construction is 
either framed steel columns and joists or is supported by steel rigid frames.

3. Concrete slab:

a. Bond to reinforcing steel where at least 20 feet of 1/2 inch of larger 
diameter re-bar is accessible prior to pour.  Bond to the rebar installed 
near the bottom of a footing of slab.

b. Where no slab reinforcing steel is readily available for grounding 
connection, provide as follows:
1) Connection to a steel cage for a poured pier whose bottom is at 

least 6 feet below grade.
2) Where no reinforcing steel is readily available in the slab pour, a 

bare copper conductor, minimum #2 AWG and at least 20 feet in 
length, may be substituted for the reinforcing steel.

3) The concrete encased reinforcing steel shall not comprise the 
sole grounding electrode conductor but instead shall be 
supplemental only.

4) Where the building is supported by poured concrete columns 
and joists, bonds to additional rebar other than in slab is not 
required.

4. Driven ground rod(s).  Service entrance ground rods shall be at least 10 feet in 
length with the top of the rod driven at least 6 inches below grade.  Where rods 
are not able to be driven vertically due to existing conditions (such as sub-
surface rock), install at an angle provided the rod end(s) are below the frost line.  
Where multiple ground rods are used, space ground rods at least 20 feet apart 
horizontally.

5. Do not bond to metallic gas piping.
6. Do not bond to plastic piping.

C. Where the grounding electrode conductor(s) extend(s) from the service entrance 
equipment, install as follows:
1. Conduit protection:

a. Protect with EMT, IMC or rigid steel conduit where exposed above 
grade.

b. Single grounding conductors installed in metallic conduit shall have 
grounding bushings and jumpers between the conduit and the conductor 
at the termination end where the conduit stops prior to the connection to 
the termination of the conductor.

2. Conduit protection is not required where installed below grade or below slabs.

3.6 GROUNDING CONNECTIONS

A. Where noted on the Drawings, provide compression or exothermic weld connections to 
the building structural steel, ground grids, or to grounding rods.
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B. Either Burndy “HyGround” compression connection system or Cadweld exothermic 
welding system may be used for connection of copper conductors to copper conductors, 
or for connection of copper conductors to steel components.

C. Follow manufacturer’s guidelines for installing all components of the system.

3.7 FIELD QUALITY CONTROL

A. Test the main building grounding system for ground resistance per Section 16950.

B. Perform ground resistance testing in accordance with IEEE 142.

C. Perform continuity testing in accordance with IEEE 142.

D. If resistance is greater than 5 ohms to ground, provide the following as required:
1. Additional ground rods spaced a minimum of 20 feet apart.
2. Modifications to the area surrounding the rods as follows:

a. Concrete encasement of rods.
b. Encasement of rods in material such as Erico GEM (Ground 

Enhancement Material) low resistivity material.
c. The addition of bentonite (“driller’s mud”) to surround ground rods.
d. Sodium chloride (salt) or magnesium sulfate installed in a trench 

approximately 18 inches away from the rod(s) and approximately 12 
inches deep.  Provide approximately 50 pounds of material per rod.  

3. Manufactured cylindrical tube assemblies, such as Lyncole XIT Systems, with the 
following characteristics:
a. Straight tubes 10 feet long, 2 inch nominal diameter, constructed of 

copper and filled with metallic salts. Salts shall dissolve to form an 
electrolytic solution that leaches into the adjacent soil to lower the ground 
resistance.

b. A copper stranded cable connection to the remainder of the grounding 
system.

c. Install tubes per the manufacturer’s recommendations in a shaft filled 
with bentonite or similar material.

END OF SECTION
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SECTION 16070

ELECTRICAL HANGERS AND SUPPORTS

PART 1 GENERAL

1.1 SUMMARY

A. Section Includes:
1. Conduit supports.
2. Formed steel channel.
3. Spring steel clips.
4. Sleeves.
5. Mechanical sleeve seals.
6. Firestopping relating to electrical work.
7. Firestopping accessories.
8. Equipment bases and supports.

B. Related Sections:
1. Section 03300 - Cast-In-Place Concrete: Product requirements for 

concrete for placement by this section.

1.2 REFERENCES

A. ASTM International:
1. ASTM E84 - Standard Test Method for Surface Burning Characteristics of 

Building Materials.
2. ASTM E119 - Standard Test Methods for Fire Tests of Building 

Construction and Materials.
3. ASTM E814 - Standard Test Method for Fire Tests of Through-

Penetration Fire Stops.
4. ASTM E1966 - Standard Test Method for Fire-Resistive Joint Systems.

B. FM Global:
1. FM - Approval Guide, A Guide to Equipment, Materials & Services 

Approved By Factory Mutual Research For Property Conservation.

C. National Fire Protection Association:
1. NFPA 70 - National Electrical Code.

D. Underwriters Laboratories Inc.:
1. UL 263 - Fire Tests of Building Construction and Materials.
2. UL 723 - Tests for Surface Burning Characteristics of Building Materials.
3. UL 1479 - Fire Tests of Through-Penetration Firestops.
4. UL 2079 - Tests for Fire Resistance of Building Joint Systems.
5. UL - Fire Resistance Directory.

E. Intertek Testing Services (Warnock Hersey Listed):
1. WH - Certification Listings.

1.3 DEFINITIONS

A. Firestopping (Through-Penetration Protection System): Sealing or stuffing 
material or assembly placed in spaces between and penetrations through 
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building materials to arrest movement of fire, smoke, heat, and hot gases through 
fire rated construction.

1.4 SYSTEM DESCRIPTION

A. Firestopping Materials: UL 1479 to achieve fire ratings as noted on Drawings for 
adjacent construction, but not less than 1 hour fire rating.

1.5 PERFORMANCE REQUIREMENTS

A. Firestopping: Conform to applicable code for fire resistance ratings and surface 
burning characteristics.

1.6 SUBMITTALS

A. Section 01300 - Submittals: Requirements for submittals.

B. Shop Drawings: Indicate system layout with location and detail of trapeze 
hangers.

C. Product Data:
1. Hangers and Supports: Submit manufacturers catalog data including load 

capacity.
2. Firestopping: Submit data on product characteristics, performance and 

limitation criteria.

D. Firestopping Schedule: Submit schedule of opening locations and sizes, 
penetrating items, and required listed design numbers to seal openings to 
maintain fire resistance rating of adjacent assembly.

E. Design Data: Indicate load carrying capacity of trapeze hangers and hangers and 
supports.

F. Manufacturer's Installation Instructions:
1. Hangers and Supports: Submit special procedures and assembly of 

components.
2. Firestopping: Submit preparation and installation instructions.

G. Manufacturer's Certificate: Certify products meet or exceed specified 
requirements.

H. Engineering Judgements: For conditions not covered by UL or WH listed 
designs, submit judgements by licensed professional engineer suitable for 
presentation to authority having jurisdiction for acceptance as meeting code fire 
protection requirements.

1.7 QUALITY ASSURANCE

A. Through Penetration Firestopping of Fire Rated Assemblies: UL 1479 with 0.10 
inch water gage minimum positive pressure differential to achieve fire F-Ratings 
and temperature T-Ratings as indicated on Drawings, but not less than 1-hour.
1. Wall Penetrations: Fire F-Ratings as indicated on Drawings, but not less 

than 1-hour.

B. Through Penetration Firestopping of Non-Fire Rated Floor and Roof Assemblies: 
Materials to resist free passage of flame and products of combustion.
1. Noncombustible Penetrating Items: Noncombustible materials for 

penetrating items connecting maximum of three stories.
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2. Penetrating Items: Materials approved by authorities having jurisdiction 
for penetrating items connecting maximum of two stories.

C. Fire Resistant Joints in Fire Rated Floor, Roof, and Wall Assemblies: UL 2079 to 
achieve fire resistant rating as indicated on Drawings for assembly in which joint 
is installed.

D. Fire Resistant Joints Between Floor Slabs and Exterior Walls: ASTM E119 with 
0.10 inch water gage minimum positive pressure differential to achieve fire 
resistant rating as indicated on Drawings for floor assembly.

E. Surface Burning Characteristics: 25/450 flame spread/smoke developed index 
when tested in accordance with ASTM E84.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Section 01600 – Material and Equipment: Requirements for transporting, 
handling, storing, and protecting products.

B. Accept materials on site in original factory packaging, labeled with manufacturer's 
identification.

C. Protect from weather and construction traffic, dirt, water, chemical, and 
mechanical damage, by storing in original packaging.

1.9 ENVIRONMENTAL REQUIREMENTS

A. Section 01600 – Material and Equipment: Environmental conditions affecting 
products on site.

B. Do not apply firestopping materials when temperature of substrate material and 
ambient air is below 60 degrees F.

C. Maintain this minimum temperature before, during, and for minimum 3 days after 
installation of firestopping materials.

D. Provide ventilation in areas to receive solvent cured materials.

PART 2 PRODUCTS

2.1 CONDUIT SUPPORTS

A. Hanger Rods: Threaded high tensile strength galvanized carbon steel with free 
running threads.

B. Beam Clamps: Malleable Iron, with tapered hole in base and back to accept 
either bolt or hanger rod. Set screw: hardened steel.

C. Conduit clamps for trapeze hangers: Galvanized steel, notched to fit trapeze with 
single bolt to tighten.

D. Conduit clamps - general purpose: One hole malleable iron for surface mounted 
conduits.

E. Cable Ties: High strength nylon temperature rated to 185 degrees F. Self locking.
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2.2 FORMED STEEL CHANNEL

A. Product Description: Galvanized 12 gage thick steel. With holes 1-1/2 inches on 
center.

2.3 SPRING STEEL CLIPS

A. Product Description: Mounting hole and screw closure.

2.4 SLEEVES

A. Sleeves for conduit Through Fire Rated and Fire Resistive Floors and Walls, and 
Fire Proofing: Prefabricated fire rated sleeves including seals, UL listed.

B. Fire-stopping Insulation: Glass fiber type, non-combustible.

2.5 FIRESTOPPING

A. Manufacturers:
1. Dow Corning Corp.
2. Hilti Corp.
3. Substitutions: Section 01600 – Material and Equipment

B. Product Description: Different types of products by multiple manufacturers are 
acceptable as required to meet specified system description and performance 
requirements; provide only one type for each similar application.

1. Silicone Firestopping Elastomeric Firestopping: Single or Multiple 
component silicone elastomeric compound and compatible silicone 
sealant.

2. Foam Firestopping Compounds: Single or Multiple component foam 
compound.

3. Formulated Firestopping Compound of Incombustible Fibers: Formulated 
compound mixed with incombustible non-asbestos fibers.

4. Fiber Stuffing and Sealant Firestopping: Composite of mineral fiber 
stuffing insulation with silicone elastomer for smoke stopping.

5. Mechanical Firestopping Device with Fillers: Mechanical device with 
incombustible fillers and silicone elastomer, covered with sheet stainless 
steel jacket, joined with collars, penetration sealed with flanged stops.

6. Intumescent Firestopping: Intumescent putty compound which expands 
on exposure to surface heat gain.

7. Firestop Pillows: Formed mineral fiber pillows.

PART 3 EXECUTION

3.1 EXAMINATION

A. Section 01500 – Construction Facilities and Temporary Controls: Verification of 
existing conditions before starting work.

B. Verify openings are ready to receive sleeves.

C. Verify openings are ready to receive firestopping.
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3.2 PREPARATION

A. Clean substrate surfaces of dirt, dust, grease, oil, loose material, or other matter 
affecting bond of firestopping material.

B. Remove incompatible materials affecting bond.

C. Do not drill or cut structural members.

3.3 INSTALLATION - HANGERS AND SUPPORTS

A. Anchors and Fasteners:
1. Concrete Structural Elements: Provide precast inserts, expansion 

anchors and preset inserts.
2. Steel Structural Elements: Provide beam clamps, spring steel clips, steel 

ramset fasteners, and welded fasteners.
3. Concrete Surfaces: Provide self-drilling anchors and expansion anchors.
4. Hollow Masonry, Plaster, and Gypsum Board Partitions: Provide toggle 

bolts and hollow wall fasteners.
5. Solid Masonry Walls: Provide expansion anchors and preset inserts.
6. Sheet Metal: Provide sheet metal screws.
7. Wood Elements: Provide wood screws.

B. Inserts:
1. Install inserts for placement in concrete forms.
2. Install inserts for suspending hangers from reinforced concrete slabs and 

sides of reinforced concrete beams.
3. Provide hooked rod to concrete reinforcement section for inserts carrying 

pipe over 4 inches.
4. Where concrete slabs form finished ceiling, locate inserts flush with slab 

surface.
5. Where inserts are omitted, drill through concrete slab from below and 

provide through-bolt with recessed square steel plate and nut flush with 
top of slab.

C. Install conduit and raceway support and spacing in accordance with NEC.

D. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit.

E. Install multiple conduit runs on common hangers.

F. Supports:
1. Fabricate supports from structural steel or formed steel channel. Install 

hexagon head bolts to present neat appearance with adequate strength 
and rigidity. Install spring lock washers under nuts.

2. Install surface mounted cabinets and panelboards with minimum of four 
anchors.

3. In wet and damp locations install steel channel supports to stand cabinets 
and panelboards 1 inch off wall.

3.4 INSTALLATION - FIRESTOPPING

A. Install material at fire rated construction perimeters and openings containing 
penetrating sleeves, piping, ductwork, conduit and other items, requiring 
firestopping.
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3.5 INSTALLATION - EQUIPMENT BASES AND SUPPORTS

A. Provide housekeeping pads of concrete, minimum 4 inches thick and extending 6 
inches beyond supported equipment. Refer to Section 03300.

B. Using templates furnished with equipment, install anchor bolts, and accessories 
for mounting and anchoring equipment.

3.6 INSTALLATION - SLEEVES

A. Exterior watertight entries: Seal with adjustable interlocking rubber links.

B. Conduit penetrations not required to be watertight: Sleeve and fill with silicon 
foam.

C. Set sleeves in position in forms. Provide reinforcing around sleeves.

D. Size sleeves large enough to allow for movement due to expansion and 
contraction. Provide for continuous insulation wrapping.

3.7 FIELD QUALITY CONTROL

A. Inspect installed firestopping for compliance with specifications and submitted 
schedule.

3.8 CLEANING

A. Section 01700 – Contract Closeout: Requirements for cleaning.

B. Clean adjacent surfaces of firestopping materials.

3.9 PROTECTION OF FINISHED WORK

A. Section 01700 – Contract Closeout: Requirements for protecting finished Work.

B. Protect adjacent surfaces from damage by material installation.

END OF SECTION
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SECTION 16075

ELECTRICAL IDENTIFICATION

PART 1 GENERAL

1.1 SUMMARY

A. Section Includes:
1. Nameplates.
2. Labels.
3. Wire markers.
4. Conduit markers.
5. Stencils.
6. Underground Warning Tape.
7. Lockout Devices.

B. Related Sections:
1. Section 09900 - Painting: Execution requirements for painting specified by this 

section.

1.2 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Product Data:
1. Submit manufacturer’s catalog literature for each product required.
2. Submit electrical identification schedule including list of wording, symbols, letter 

size, color coding, tag number, location, and function.

C. Manufacturer's Installation Instructions: Indicate installation instructions, special 
procedures, and installation.

1.3 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Requirements for submittals.

B. Project Record Documents: Record actual locations of tagged devices; include tag 
numbers.

1.4 DELIVERY, STORAGE, AND HANDLING

A. Section 01600 – Material and Equipment: Requirements for transporting, handling, 
storing, and protecting products.

B. Accept identification products on site in original containers. Inspect for damage.

C. Accept materials on site in original factory packaging, labeled with manufacturer's 
identification, including product density and thickness.

D. Protect insulation from weather and construction traffic, dirt, water, chemical, and 
mechanical damage, by storing in original wrapping.

1.5 ENVIRONMENTAL REQUIREMENTS

A. Section 01500 – Construction Facilities and Temporary Controls: Environmental 
conditions affecting products on site.

B. Install labels and nameplates only when ambient temperature and humidity conditions for 
adhesive are within range recommended by manufacturer.



16075 - 2

PART 2 PRODUCTS

2.1 NAMEPLATES

A. Product Description: Laminated three-layer plastic with engraved white letters on black 
contrasting background color.

B. Letter Size:

1. 5/16 inch high letters for identifying individual equipment and loads.

2. 3/4 inch high letters for identifying grouped equipment and loads.

C. Minimum nameplate thickness: 1/8 inch.

2.2 LABELS

A. Labels: Embossed adhesive tape, with 5/16 white letters on black background.

2.3 WIRE MARKERS

A. Description: Cloth tape, split sleeve, or tubing type wire markers.

B. Legend:
1. Power and Lighting Circuits: Branch circuit or feeder number as indicated on 

Drawings.
2. Control Circuits: Control wire number as indicated on schematic and 

interconnection diagrams.

2.4 UNDERGROUND WARNING TAPE

A. Description: 4 inch wide plastic tape, detectable type, colored red with suitable warning 
legend describing buried electrical lines.

PART 3 EXECUTION

3.1 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.

B. Prepare surfaces in accordance with Section 09900 for stencil painting.

3.2 INSTALLATION

A. Install identifying devices after completion of painting.
1. Lighting panelboards: Provide an engraved label indicating the panel name.
2. Power and distribution panelboards:  Provide an engraved label indicating the 

panel name.  Provide engraved labels for each circuit breaker and switch position 
as well as main, spares and spaces.  Typed directory cards are not acceptable.

B. Nameplate Installation:
1. Install nameplate parallel to equipment lines.
2. Install nameplate for each electrical distribution and control equipment enclosure 

with corrosive-resistant mechanical fasteners, or adhesive.
3. Install nameplates for each control panel and major control components located 

outside panel with corrosive-resistant mechanical fasteners, or adhesive.
4. Secure nameplate to equipment front using rivets, or adhesive.
5. Secure nameplate to inside surface of door on recessed panelboard in finished 

locations.
6. Install nameplates for the following:

a. Switchboards:  Provide an engraved label indicating the switchboard 
name.  Provide engraved labels for each circuit breaker as well as main, 
spares and spaces.  Typed directory cards are not acceptable.
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b. Power and distribution panelboards:  Provide an engraved label 
indicating the panel name.  Provide engraved labels for each circuit 
breaker and switch position as well as main, spares and spaces.  Typed 
directory cards are not acceptable.

c. Panelboards.
d. Transformers.
e. Service Disconnects.
f. Starters and Disconnect Switches.

C. Panelboard Labels:
1. Provide typed interior door index card identifying all circuits in lighting and 

appliance panelboards.

D. Label Installation:
1. Install label parallel to equipment lines.

E. Underground Warning Tape Installation:
1. Install underground warning tape along length of each underground conduit, 

raceway, or cable 6 to 8 inches below finished grade, directly above buried 
conduit, raceway, or cable.

END OF SECTION
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SECTION 16123

BUILDING WIRE AND CABLE

PART 1 GENERAL

1.1 SUMMARY

A. Section includes building wire and cable rated 600 volts or less and wiring connectors 
and connections.

1.2 REFERENCES

A. International Electrical Testing Association:
1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems.

1.3 SUBMITTALS

A. Section 01300 - Submittals: Requirements for submittals.

B. Product Data: Submit for building wire and each cable assembly type.

1.4 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Requirements for submittals.

B. Project Record Documents: Record actual locations of components and circuits.

1.5 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

1.6 FIELD MEASUREMENTS

A. Verify field measurements are as indicated on Drawings.

PART 2 PRODUCTS

2.1 BUILDING WIRE

A. Manufacturers:
1. Southwire.
2. Encore.
3. Essex Group Inc. 
4. Triangle.
5. Capital.
6. Senator.
7. American Insulated Wire (AIW).
8. United Copper Industries (THHN/THWN only).
9. Substitutions: Section 01600 – Material and Equipment.

B. Product Description: Single conductor insulated wire.
1. Soft drawn annealed copper based upon 98% conductivity.
2. Tinned or untinned in accordance with established standards for the type of 

insulation around the conductors.
3. Uniform in circular cross-section and continuous without splice except at junction 

or outlet boxes.
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C. Insulation: 600 volt rating; thermoplastic material rated 75 degrees C.
1. Permanent marking approximately every two feet indicating conductor size, 

voltage, and temperature rating.
2. Insulation type for general use conductors: THHN/THWN.

D. Service entrance, feeder, and branch circuit conductor construction standards:
1. Sized per the American Wire Gauge.
2. Solid per ASTM B3 for #12 AWG and smaller power and lighting conductors.
3. Solid or Class B stranded (per ASTM B8) for #10 AWG.
4. Class B stranded per ASTM B8 for conductors larger than #10 AWG.
5. Single conductor, 600V insulation, UL listed.
6. Install only in approve raceways or conduit.
7. Not smaller than #12 AWG.

2.2 EQUIPMENT CONNECTION CORDS:

A. Provide where indicated on the Drawings for equipment cords, suspended drop cord, and 
similar locations as follows:
1. Fine stranded copper conductor construction for enhanced flexibility.
2. Each phase, neutral, and grounding conductors individually insulated with a black 

round insulating jacket.
3. Minimum 90 degree C temperature rating in wet or dry locations.
4. Minimum size #14 AWG for 15A applications and minimum #12 AWG for 20A 

applications unless noted otherwise.
5. 600V cord voltage rating.
6. NEC type SO (extra hard usage thermoset rubber insulated oil resistant jacket) 

or extra-flexible type SOOW (extra hard usage thermoset rubber insulated oil 
resistant jacket and insulation, weather resistant) where noted.

7. Complete with cord, plug and matching receptacle.

2.3 WIRING CONNECTORS

A. Conductor splice connectors smaller than #6 AWG (“wire nuts”):
1. Dry and damp locations:

a. Scotch.
b. Burndy.
c. Buchanan.
d. 3M.
e. Wago Corp.

2. Wet locations:
a. King Technology (silicon filled).
b. Buchanan (epoxy filled).

B. Conductor splice connectors #6 AWG and larger (power distribution blocks):
1. Square D.
2. Bussmann.
3. NSI Industries.

C. Tape:
1. 3M.
2. Plymouth/Bishop.

D. Wire connector requirements:
1. UL Listed.
2. 600VAC insulation rating.
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3. #8 AWG and smaller dry location joints made with insulated compression spring 
“wire nuts”. Other connection methods, such as Wago push-wire connectors, 
may also be used.

4. #8 AWG and smaller wet location joints made with insulated silicon or epoxy 
filled waterproof compression spring “wire nuts”.

2.4 PULLING COMPOUNDS

A. Pulling Compounds:
1. Ideal.
2. 3M.
3. American Polywater.

B. Wire connector requirements:
1. UL Listed.
2. Wax based.
3. Compatible with cable jacket.  Do not use lubricant that will damage the 

conductor’s insulation.

PART 3 EXECUTION

3.1 EXAMINATION

A. Section 01500 – Construction Facilities and Temporary Controls: Coordination and 
project conditions.

B. Verify interior of building has been protected from weather.

C. Verify mechanical work likely to damage wire and cable has been completed.

D. Verify raceway installation is complete and supported.

3.2 PREPARATION

A. Completely and thoroughly swab raceway before installing wire.

3.3 INSTALLATION

A. Route wire and cable to meet Project conditions.

B. Neatly train and lace wiring inside boxes, equipment, and panelboards.

C. Identify and color code wire and cable under provisions of Section 16075. Identify each 
conductor with its circuit number or other designation indicated.

D. Pulling conductors into conduits and raceways:
1. Pull conductors into raceway at same time.
2. Do not exceed the wore or cable manufacturer’s recommended pulling tension 

when pulling wires or cables in raceways.
3. Provide adequate lubricant when necessary.

E. Joints and splices:
1. Service entrance and feeder conductors:

a. Install service entrance and feeder conductors as a continuous run the 
entire length without splicing.

b. Do not splice in pull boxes, even if pull boxes are indicated on the 
Drawings or required by the NEC, unless specifically approved by the 
Engineer. 

2. Branch circuit splices:
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a. Install only where accessible in junction boxes, pull boxes, equipment 
enclosures, or similar locations.

b. Materials used must meet UL standards.
c. 600VAC insulation ratings.
d. Wire nut type joints and splices:

1) Dry location with conductors #8 AWG and smaller with insulated 
compression spring “wire nuts”.

2) Wet location joints with conductors #8 AWG and smaller with 
insulated silicon filled waterproof compression spring “wire nuts”.

3) Wet location conductor epoxy filled “wire nuts” shall be made 
with enough slack to allow enough lead length for a minimum of 
one removal and re-termination.

e. Tape any exposed conductors with multiple layers of insulating friction 
tape.

F. Properly tag and identify all branch circuit conductors as follows:
1. Use vinyl cloth wrap around for dry locations.
2. Use heat shrink type wrap for wet locations.
3. Indicate circuit number for wiring terminated in panelboards.
4. Indicate circuit number and panel designation for wiring terminated on application 

device.

G. Leave at least 6 inch conductor tails at each outlet for the installation of devices or 
fixtures.

H. Install equipment and drop cords on equipment furnished by others including appliances, 
circulating pumps, and similar equipment.

3.4 WIRE COLOR

A. General
1. For wire sizes 10 AWG and smaller, install wire colors in accordance with the 

following:
a. Black and red for single phase circuits at 120/240 volts.
b. Black, red, and blue for circuits at 120/208 volts single or three phase.
c. Orange, brown, and yellow for circuits at 277/480 volts single or three 

phase.
2. For wire sizes 8 AWG and larger, identify wire with colored tape at terminals, 

splices and boxes. Colors are as follows:
a. Black and red for single phase circuits at 120/240 volts.
b. Black, red, and blue for circuits at 120/208 volts single or three phase.
c. Orange, brown, and yellow for circuits at 277/480 volts single or three 

phase.

B. Neutral Conductors: White. When two or more neutrals are located in one conduit, 
individually identify each with proper circuit number.

C. Branch Circuit Conductors: Install three or four wire home runs with each phase uniquely 
color coded.

D. Feeder Circuit Conductors: Uniquely color code each phase.

E. Ground Conductors:
1. For 6 AWG and smaller: Green.
2. For 4 AWG and larger: Identify with green tape at both ends and visible points 

including junction boxes.
3. Isolated grounding conductors green with orange tracer.
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3.5 BRANCH CIRCUIT SIZING

A. Minimum conductor size is #12 AWG for all circuits at a nominal voltage of 120VAC or 
greater.

B. Requirements for increased conductor sizing:
1. Where conductor sizes to mechanical equipment, panelboards, or similar 

equipment are upsized from their NEC minimums due to voltage drop 
considerations, the particular size indicated on the Drawings shall be maintained 
throughout from the circuit source to its load side connection.

2. Where branch circuit conductor sizes of general use receptacle circuits are 
upsized from #12 AWG due to voltage drop considerations, the larger size shall 
be maintained from the circuit source to the last junction box in the circuit run 
provided the final receptacle connection is 20 feet or less in length from the last 
junction box.

3. Where branch circuit conductor sizes of lighting fixture circuits are upsized from 
#12 AWG due to voltage drop considerations, the larger size shall be maintained 
from the circuit source to the last junction box in the circuit run, provided that:
a. Where taps to interior lighting fixtures are made from interior above-

ceiling junction boxes, the conductor size may be reduced to #12 AWG if 
the taps are 10 feet or less in length.

b. Where interior lighting fixtures are field tandem wired or the bodies of 
fixtures are used as branch circuit raceways, the upsized conductor shall 
be maintained throughout the circuit.

c. Where taps in exterior lighting fixtures are made in pole bases and run 
inside the pole to the luminaire, the taps may be reduced to #12 AWG 
provided this conductor size does not exceed 12 amps.  For greater 
loads, upsize to #10 AWG or larger, as required.

C. Lighting Circuits:
1. All exit or emergency lighting circuits: Minimum #10 AWG.
2. 120V interior lighting circuits over 120 feet in total length: Minimum #10 AWG.
3. 277V interior lighting circuits over 200 feet in total length: Minimum #10 AWG.
4. 208V, 277V and 480 V exterior building lighting circuits: Minimum #12 AWG or as 

sized on the Drawings.
5. Total circuit length is defined as the total distance from the power source to the 

last lighting fixture on the circuit.

D. Power and receptacle circuits:
1. 120V receptacle circuits over 120 feet in total length: Minimum #10 AWG.
2. 208V power circuits sized as noted.
3. 277V and 480 V power circuits sized as noted.
4. Total circuit length is defined as the total distance from the power source to the 

last power connection on the circuit.

END OF SECTION
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SECTION 16130

RACEWAY AND BOXES

PART 1 GENERAL

1.1 SUMMARY

A. Section includes conduit and tubing, surface raceways, wireways, outlet boxes, pull and 
junction boxes, and handholes.

B. Related Sections:
1. Section 16140 – Wiring Devices.

1.2 REFERENCES

A. American National Standards Institute:
1. ANSI C80.1 - Rigid Steel Conduit, Zinc Coated.
2. ANSI C80.3 - Specification for Electrical Metallic Tubing, Zinc Coated.
3. ANSI C80.5 - Aluminum Rigid Conduit - (ARC).

B. National Electrical Manufacturers Association:
1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).
2. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and 

Cable Assemblies.
3. NEMA OS 1 - Sheet Steel Outlet Boxes, Device Boxes, Covers, and Box 

Supports.
4. NEMA OS 2 - Nonmetallic Outlet Boxes, Device Boxes, Covers, and Box 

Supports.
5. NEMA RN 1 - Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel 

Conduit and Intermediate Metal Conduit.
6. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Tubing and Conduit.
7. NEMA TC 3 - PVC Fittings for Use with Rigid PVC Conduit and Tubing.

1.3 DESIGN REQUIREMENTS

A. Minimum Raceway Size: 1/2 inch unless otherwise specified.

1.4 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Product Data: Submit for the following:
1. Flexible metal conduit.
2. Liquidtight flexible metal conduit.
3. Nonmetallic conduit.
4. Flexible nonmetallic conduit.
5. Nonmetallic tubing.
6. Raceway fittings.
7. Conduit bodies.
8. Surface raceway.
9. Wireway.
10. Pull and junction boxes.

C. Manufacturer's Installation Instructions: Submit application conditions and limitations of 
use stipulated by Product testing agency specified under Regulatory Requirements. 
Include instructions for storage, handling, protection, examination, preparation, and 
installation of Product.
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1.5 DELIVERY, STORAGE, AND HANDLING

A. Protect conduit from corrosion and entrance of debris by storing above grade. Provide 
appropriate covering.

B. Protect PVC conduit from sunlight.

1.6 COORDINATION

A. Section 01500 – Construction Facilities and Temporary Controls: Coordination and 
project conditions.

B. Coordinate mounting heights, orientation and locations of outlets mounted above 
counters, benches, and backsplashes.

PART 2 PRODUCTS

2.1 RIGID METAL CONDUIT

A. Manufacturers:
1. LTV Steel Tubular Products.
2. Allied Tube and Conduit.
3. Substitutions: Not Permitted.

B. Product Description:
1. Usage restrictions per NEC.
2. Used for:

a. Above-grade service entrance and panel feeder runs.
b. Runs in any areas subject to damage.
c. Below grade raceways only where completely protected against 

corrosion.
d. Wet or damp locations such as carwash or detail wash bay areas.
e. Hazardous locations such as Class I, Division II environments.

3. Hot dipped galvanized low carbon strip steel with threads galvanized after 
cutting.

4. Fittings:
a. All joints made with threaded couplings with 3/4" taper per foot dies 

installed wrench tight.
b. Provide unions in lieu of couplings where required due to installation 

space or for final attachment of rigid conduit runs.
c. Straight runs of conduit may utilize factory installed couplings (such as 

Allied “quick coupling”) instead of standard separate couplings.
d. Set-screw type fittings are prohibited.

5. Slab or below grade installations:
a. Use only where protected with an exterior corrosion protective layer.
b. Coating may be field or factory applied.
c. Factory applied coating requirements:

1) Permanently fused to galvanized steel surface.  Coatings that 
require the galvanized surface to be compromised prior to 
application of the coating are not acceptable.

2) Smooth and continuous.
3) Comply with NEMA RN1 and applicable ASTM standards for 

immersion in boiling water and application of humidity and 
acetone.

4) Exterior coating:
a) Field strippable.
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b) Nominal 40 mil thickness of polyvinyl chloride (PVC).
c) Applied after the surface has been primed to receive the 

coating.
5) Interior coating:

a) Permanently coated.
b) Nominal 2 mil thickness of polyurethane.
c) Resistant to abrasion from pulling of conductors through 

conduit.
d. Use for ells or bends in rigid PVC conduit runs where pulling conductors 

into the conduit may damage or pull through plastic ells (see Part 3—
Execution).

6. Coated rigid steel:
a. Clean the steel surfaces of grease, oil, or other contaminants and prime 

for coating application.
b. Add a 40 mil PVC plastic coating, free of blisters, bubbles, and pinholes, 

permanently fused to the entire exterior surface except for the threads.  
Coating adhesion properties shall be greater than the coating itself.

c. Include an interior conduit coating of polyurethane for internal corrosion 
resistance.

d. Clear polyurethane coating of factory threads.
e. Couplings and fittings:

1) Similar internal and external coatings as conduit.
2) Flexible square-cut PVC skirts or sleeves extending at least one 

pipe diameter (or 2”, whichever is less) to completely seal the 
conduit system.

3) Couplings require longitudinal ribs to allow use of installation tolls 
without damaging the coating.

f. Comply with:
1) ANSI C80.1.
2) UL Standard #6.
3) NEMA Standard 5.19.

g. Provide touch-up compound for field treatment of scars or tears.

2.2 FLEXIBLE METAL CONDUIT

A. Manufacturers:
1. Alflex.
2. Substitutions: Not Permitted.

B. Product Description:
1. Usage restrictions:

a. As per NEC Article 348.
b. Flexible metallic conduit shall not be used as the general wiring system.
c. Flexible metallic conduit shall not be used to “daisy-chain” branch circuit 

connections to recessed lighting fixtures except for inaccessible ceiling 
locations where approved by the Engineer.

d. The Engineer shall be consulted on all questions regarding the use of 
flexible conduit and shall interpret the intent of the Specifications 
regarding the locations for which flexible conduit is allowed.

2. Approved for general use in the following situations or locations:
a. Vibration isolation for all interior dry location motor operated equipment 

such as fan powered boxes, unit heaters, and exhaust fans where the 
connected horsepower is less than 3/4HP.

b. Interwiring of millwork and cabinets for feeds to receptacles, outlet 
boxes, and under cabinet low profile lighting fixtures.
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c. Final whip connections to recessed interior lighting fixtures, smoke 
detectors, and similar equipment installed in accessible ceiling tiles that 
can be removed for maintenance or accessibility to the ceiling space.

d. Locations where equipment, ductwork, structure, or other hindrance 
makes it impractical or impossible to install straight or offset tubing or 
conduit.  This provision does not provide for the use of flexible conduit 
where improper prior planning or delay in conduit installation make the 
location subsequently inconvenient for the use of straight or offset runs 
of conduit or tubing.

3. The use of flexible conduit in old work is extended to include installation of 
conduits fished in existing walls or other special or unusual situations approved 
by the Engineer.

4. Use of 3/8” flexible conduit in lieu of 1/2" trade size:
a. Local Code restrictions prohibiting the use of 3/8” flexible conduit take 

precedent over NEC allowed use of 3/8” flex conduit.
b. Provided local Code allows, the minimum flexible conduit size may be 

reduced for 1/2" to 3/8” where installed for any of the following 
conditions:
1) Final whip connections to recessed single circuit and non-split-

wired interior lighting fixtures mounting only in accessible 
ceilings.

2) Connections to equipment with motors rated less than 1/6HP, 
motorized fire dampers, and similar equipment.

3) Final connections to mechanical system controls, where 
raceways for mechanical controls are installed under Division 16.

c. Additional restrictions effecting use and installation of 3/8” flex:
1) Conduit must not contain more than 3 #12AWG or smaller 

insulated conductors.
2) Conduit may serve no more than one light fixture.
3) Length of flex is limited to 6 feet.
4) Restrictions of NEC 350-10 are met.

5. Constructed of interlocking galvanized steel.
6. Used with fittings specifically approved for use with flex. 

2.3 LIQUIDTIGHT FLEXIBLE METAL CONDUIT

A. Manufacturers:
1. Alflex.
2. Substitutions: Not Permitted.

B. Product Description:
1. Usage restrictions per NEC.
2. Used for:

a. Final connections to vibration-producing equipment such as motors rated 
3/4HP or more.

b. Final connections to all exterior motorized equipment.
c. Final connections to dry-type transformers.

3. Constructed with a sunlight resistant non-metallic jacket over an inner flexible 
metallic core.

4. Conduit without an inner metallic core (all plastic construction) is prohibited.
5. Used with water-tight fittings approved for use with liquid-tight conduit.
6. Generally limited to six foot lengths.
7. Internal grounding conductor required for all lengths. 
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2.4 ELECTRICAL METALLIC TUBING (EMT)

A. Manufacturers:
1. LTV Steel Tubular Products.
2. Allied Tube and Conduit.
3. Substitutions: Not Permitted.

B. Product Description:
1. Usage restrictions per NEC.
2. Used for above-grade wiring only.  EMT is not permitted in slabs or below grade.
3. Used to enclose:

a. General use above-grade wiring lighting, receptacle and equipment 
branch circuit conductors.

b. General equipment feeds.
c. Fire alarm and related wiring or cabling.
d. Control wiring.
e. Similar types of wiring unless noted otherwise in the specifications or on 

the Drawings.
4. Galvanized mild strip steel with interior UL approved coating.
5. Fittings:

a. The following types of fittings, couplings, and connectors may be used:
1) Die-cast non-insulated zinc compression type.
2) Steel non-insulated compression type.
3) [Conduits trade size 1-1/4” and smaller may have set screw 

fittings where used in dry interior locations only if the circuit 
contains a separate grounding conductor].

b. The following types of fittings, couplings, and connectors are prohibited:
1) Expanded conduit ends with factory pre-installed set-screw 

attachments.
2) Indentor type.
3) Set-screw type.

2.5 NONMETALLIC  RIGID CONDUIT (PVC)

A. Manufacturers:
1. Carlon Electrical Products.
2. Can-Tex.
3. J-M Pipe.
4. Substitutions: Not Permitted.

B. Product Description: 
1. Usage restrictions per NEC Article 352
2. General requirements:

a. Polyvinyl chloride compound.
b. Schedule 40-wall thickness.
c. Flame retardant type.
d. Resistant to bending and cracking.
e. UV resistant.

3. Used for horizontal runs of underslab or underground conduits.  Vertical risers 
and all ells installed below grade must be rigid steel installed as noted previously.

4. No above ground installation.
5. Couplings and fitting designed for permanent glued connection to the conduit.

2.6 INTERIOR OUTLET AND JUNCTION BOXES

A. Manufacturers:
1. Steel City.
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2. Raco.
3. Appleton.
4. Substitutions: Not Permitted.

B. Standard interior outlet boxes for connection to concealed conduit raceways, or for 
exposed surface mounted conduit raceways in mechanical spaces, electrical rooms, and 
similar non-public areas:
1. General requirements:

a. Of proper size and shape for conduits and conductors entering them.
b. UL and NEC listed for their application.
c. Constructed of code gauge steel.
d. Galvanized or plated.
e. Complete with conduit knockouts (boxes 4” square and smaller).  

2. A minimum of 1-1/2” deep unless the following conditions are met:
a. Construction requires a smaller depth box.
b. Engineer specifically approves the use of such shallow boxes.
c. Depth is not reduced below 1-1/4”.

3. Box construction:
a. Formed (drawn) one piece, for single gang boxes.
b. Formed (drawn) one piece or stamped and welded for double gang 

boxes.
c. Formed (drawn), stamped and welded, or sectional type for boxes 

greater than 2 gang.
d. Masonry type stamped and welded boxes (with continuous overlapping 

device screw attachment trim) may be used where recessed in concrete 
or concrete block (CMU) wall construction.

4. Box size:
a. 4” square for up to two devices and solid ganged boxes for over two 

devices.
b. Single gang “handy boxes” may be used for device boxes in limited 

areas (such cabinet work) only with the Engineer’s permission.  Do not 
use bevel corner boxes.

c. 4-11/16” square boxes for specific devices (such as fire alarm 
equipment) where required.  Consult with manufacturer to determine use 
and location of special boxes.

5. Include steel partitions between box sections where required by operating 
voltage between switches greater than 300V.

C. Standard interior outlet boxes for connection to surface mounted two piece raceway 
systems:
1. Stamped enamel painted steel.
2. Of proper size and shape for surface raceways and conductors entering them.
3. UL and NEC listed for their application.
4. A minimum of 1-1/2” deep unless a shallower device box is approved.
5. Single gang unless used for two devices.

D. Interior junction boxes mounted above the ceiling line for connection and distribution of 
branch circuit wiring to receptacles, lighting fixtures, and small motor loads shall be of the 
same type as standard 4” square outlet boxes except that they shall have flat steel 
covers.

2.7 CAST BOXES

A. Manufacturers:
1. Crouse-Hinds.
2. Appleton.
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3. Substitutions: Not Permitted.

B. Where specified on the Drawings or required for surface mounted exterior or wet interior 
locations, provide cast outlet boxes.

C. Cast outlet box standards:
1. Threaded hub type with drilled mounting lugs.
2. Constructed of ferrous (malleable iron) alloy.
3. Equal to Crouse-Hinds “Condulet” or Appleton “Unilet” type.  Fixture outlet boxes 

equal to type VFX or GRF type; wiring device outlet boxes equal to type FS or 
FD.

4. Provide with plugs for all unused openings, gaskets, and covers compatible with 
the function of the box.

5. Where required to be coated for corrosion resistance, provide as follows:
a. Permanently fused to galvanized surface.  Coatings that require the 

galvanized surface to be compromised prior to application of the coating 
are not acceptable.

b. Smooth and continuous.
c. Comply with NEMA RN1 and applicable ASTM standards for immersion 

in boiling water and application of humidity and acetone.
d. Exterior coating:

1) Field strippable.
2) Nominal 40-mil thickness of polyvinyl chloride (PVC).
3) Applied after the surface has been primed to receive the coating.

e. Interior coating:
1) Permanently coated.
2) Nominal 2-mil thickness of polyurethane.
3) Resistant to abrasion from pulling of conductors through conduit.

2.8 PULL  AND JUNCTION BOXES

A. Manufacturers:
1. Hoffman.
2. Wiegmann.
3. Milbank.
4. Substitutions: Not Permitted.

B. Install:
1. Where noted on the Drawings.
2. Where the total number of bends exceeds 360 degrees.
3. At other locations required by the NEC.

C. Use boxes constructed of code gauge steel with standard size knockouts or suitable for 
field drilling.

D. Provide junction or pull boxes required by the Drawings or by codes larger than the 
standard 4” square where required.

2.9 EXTERIOR GRADE PULL AND JUNCTION BOXES

A. Manufacturers:
1. Strongwell Quazite.
2. Newbasis.
3. Carson.
4. Substitutions: Not Permitted.

B. Provide where required for termination and intermediate pulling access.

C. General requirements:
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1. Polymer cast concrete construction reinforced with fiberglass.  Plastic 
construction is not acceptable.

2. Designed for flush grade mounting.
3. Solid wall construction without knockouts unless approved otherwise.
4. Load ratings:

a. General Duty UL Tier 5 for grassy and pedestrian traffic areas.
b. Heavy Duty UL Tier 10 for sidewalks, driveways, and similar areas 

accessible to vehicular traffic.
5. Lid:

a. Single or two-piece.
b. Attached with stainless recessed head bolts.
c. Logo as directed, molded into top of lid.

6. Bottom:
a. Provide bottom in box where noted.
b. Provide open bottom if not noted.

7. See Drawings for sizes required.

2.10 FIRE SEALING REQUIREMENTS

A. All electrical penetrations through fire rated walls, floors, and ceilings shall be fire sealed 
to prevent the propagation of smoke and fire, regardless of whether they are enclosed by 
a raceway or not.

B. Provide fire sealing in all locations required by applicable Codes.

C. Utilize materials suitable for the intended service.

D. Fire sealing shall be provided for both raceway and free-wired low voltage cabling 
through firewalls or fire barriers.

E. Generally required UL ratings:
1. Floors:

a. Utilize FA rating for concrete floors less than 5 inches thick.
b. Utilize FB rating for concrete floors more than 5 inches thick.
c. Utilize FC for wood framed floors.

2. Walls:
a. Utilize WL rating for framed walls.
b. Utilize WJ rating for concrete or masonry walls less than 8 inches thick
c. Utilize WK ratings for concrete or masonry walls more than 8 inches 

thick.

F. Putties and sealants:
1. Utilize for openings of less than 6 inches in diameter.
2. Generally preferred method for sealing conduit penetrations through walls, 

ceilings, and floors.
3. May be manufactured in caulk tubes, sticks, buckets, or similar manner to allow 

easy field insertion for fire stopping.
4. Communication wiring and similar seals must remain permanently soft to allow 

reuse and re-entry into the sealed opening.  Seals for permanent conduit 
penetrations may become hard after installation.

5. Do not use materials that give off toxic fumes when curing.
6. UL listed for the same rating as the wall the raceway penetrates (typically 1 or 2 

hours).

G. Pipe wrap:
1. Utilize for conduit penetrations of walls, floors, and ceilings.
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2. May be used instead of putties and sealants where approved by the Engineer.
3. Intumescent type that expands upon being heated.

H. Floor-to-floor conduit sleeves:
1. Provide rigid steel conduit sleeves where installed for upper wood or precast 

concrete tee floors.
2. Provide fire stop assembly for cast-in-place applications where above grade 

concrete floors are poured in place on site.  Assembly requirements:
a. Plastic sleeve with integral rubber gasket and intumescent ring of fire 

stopping material to provide both fire and smoke sealing.
b. Top plug to exclude concrete during pouring of slab and dust and dirt 

after installation is completed.
c. Suitable for replacement of conduit once installed without replacement of 

assembly.
d. Suitable for use in floors between 2.5” and 6” of thickness.
e. Resistance to normal temperatures up to 100 deg. C.
f. Equal to Hilti CP 680 series.

2.11 CORROSION PROTECTIVE TAPE

A. General requirements:
1. Use for any metallic conduit installed in concrete or below grade.
2. Pressure sensitive PVC based type suitable for direct burial applications.
3. Impact resistant
4. Resistant to moisture, acids, salt, and alkalies.

B. Equal to Scotch #50 or #51.

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify outlet locations and routing and termination locations of raceway prior to rough-in.

3.2 FIRE SEALING REQUIREMENTS

A. Install fire sealing in all locations required by applicable Codes.

B. Fire sealing shall be installed for all raceway and sleeve penetrations of fire rated walls, 
ceilings, or floors above grade.

C. Fire sealing shall consist of fire rated putty, sealants, boards, poured or sprayed 
materials, pillows, or sheets of fire sealing material of required sizes and quantities to 
completely and effectively seal the associated fire barriers.

D. Wall penetrations of conduit shall generally be sealed with putty or caulk type sealant.  
Thoroughly seal penetration to avoid any air spaces around the wall penetrations.

E. Floor penetrations shall be sealed as follows:
1. For wood floors and pre-cast steel concrete tees:

a. Install rigid steel nipple through concrete floor.  Stub both above and 
below floor line approximately 1 inch.

b. Securely attach nipple with pipe clamps or other suitable method to 
prevent nipple from shifting.

c. Pack between nipple and concrete opening with ceramic fiber or mineral 
wool for areas not requiring fire-stopping putty.

d. Install fire-stopping putty at top and bottom of penetration.  Thickness 
shall be as recommended by manufacturer.
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2. For cast-in-place concrete floor and concrete floors above metal decks with total 
floor thickness between 2.5” and 6.0” with dimensions of sleeves up to 4” in 
diameter.
a. Provide pre-manufactured firestop assembly instead of field fabrication 

method noted previously.
b. Assembly shall be Hilti #CP 680 series or other approved by the 

Engineer.
c. For total concrete construction:

1) Attach bottom flange to bottom floor form with top of shaft above 
top of concrete pour.

2) Close all openings with temporary plugs.
3) Support assembly prior to pour to prevent movement.
4) After floor is poured, cut off top of assembly flush with floor line 

and re-insert top plug.
d. For concrete topping slab installed on top of metal decking:

1) Cut circular hole through decking and install metal deck adapter 
for assembly.

2) Attach bottom flange of assembly to deck adapter and to screw 
bottom flange to deck.  Place with top of assembly shaft above 
top of concrete pour.

3) Close all openings with temporary plugs.
4) Support assembly prior to pour to prevent movement.
5) After floor is poured, cut off top of assembly flush with floor line 

and re-insert top plug.

F. Install all fire seal materials in accordance with manufacturer’s recommendations and 
NEC Article 300-21.

3.3 INSTALLATION- RACEWAY

A. Install all wiring in NEC approved raceways (unless specifically approved otherwise) 
sized as shown on the Drawings, or, if not sized on the Drawings, in accordance with 
NEC conduit fill tables.

B. Install raceway systems in a neat, straight, and workmanlike manner complete with all J-
boxes and pull boxes as necessary or noted on plans.

C. Raceway general installation notes:
1. All raceways are to be concealed unless noted or approved otherwise.
2. Run concealed conduits as follows:

a. Straight and parallel to building lines where installed in walls and above 
ceiling lines.

b. In a direct line (unless interferences with other trades prevent) where 
installed under slabs or below grade.

c. Do not run conduit horizontally in concrete block (CMU) walls, whether 
cells are filled or unfilled.  Conduits must run vertically inside the CMU 
cells and be fed from overhead or underground, as appropriate.

3. Exposed or surface raceways:
a. Difficulty in installing concealed conduit in existing or new construction is 

not in itself reason for installing surface raceways in lieu of concealed 
conduit.

b. Surface raceways shall generally be installed only in the following 
locations:
1) Existing mechanical or boiler rooms.
2) New outlets on existing solid masonry walls.
3) Raceway is installed on the roof.
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c. Install only at right angles to the building lines.
d. Conceal the appearance as best as possible even if this requires 

additional materials or longer routes.  Homerun for outlet boxes on 
interior or exterior walls shall generally be run:
1) From the outlet box down to accessible floor or tunnel space.
2) From the outlet box to the room corner and then up to the 

accessible ceiling space.
3) Do not run homeruns vertically from each outlet box.

e. Confirm the exact routing of any exposed raceways in the field with the 
A/E prior to roughing in.

4. Do not install wiring in exit stairwells except for that wiring associated with the 
stairwell itself (such as lighting or ADA communication systems).

D. Mechanical details of conduit and raceway installation:
1. Make all cuts squarely, ram after cutting, and butt conduits solidly into fittings.
2. All conduit and raceway systems must be mechanically continuous and installed 

complete before conductors are pulled.
3. Bend conduit with approved bending devices.  Remove and replace deformed or 

damaged conduit.
4. Temporarily plug opening if conductors are not immediately installed in the 

raceway.  Install plugs to exclude plaster or other foreign materials.
5. Treat field cut rigid steel conduit threads subject to moisture with paint-on or 

spray-on galvanizing equal to “Z.R.C. Cold Galvanizing Compound.”

E. When a metallic conduit enters an enclosure, provide an insulated throat connector and 
or an insulating bushing where the conduit contains conductors sized #4AWG or larger.

F. Do not run conduit or raceway adjacent to steam piping or hot vent piping unless 
authorization is provided.

G. Conductor sets:
1. Run feeders and service entrance conductor sets in individual conduits enclosing 

the associated phase, neutral, and grounding conductors for each set.
2. Run branch circuits generally in individual conduits.  When branch circuits run in 

common directions or serve loads within common areas, the conductors may be 
combined as follows (grounding conductors are not counted in the total) where 
THHN/THWN conductors are used:
a. Lighting circuits:  Maximum of 6 #10AWG or smaller current carrying 

conductors in a single conduit.
b. Receptacle circuits:  Maximum of 9 #10AWG or smaller current carrying 

conductors in a single conduit.
3. Install conductor sets sized #8AWG and larger in individual conduits unless 

noted otherwise on the Drawings.

H. Sleeves:
1. Install where noted on the Drawings.
2. Provide for conduit entrances into exterior building walls below grade as follows:

a. Provide steel conduit sleeves, cutouts, chases or knockouts for passage 
of the raceways through the exterior wall(s).

b. Sleeves or knockouts shall be of adequate size to allow for reasonable 
settlement or movement of the raceway or building wall without damage 
to the enclosed conduits and wiring.

c. Completely seal all sleeves, chases, or knockouts to prevent moisture 
from entering basement areas or from migrating under footings.
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d. Steel sleeves significantly larger than the enclosed conduit shall have a 
steel plate welded to the exterior of the sleeve to properly close the wall 
opening prior to waterproofing.

e. Consult the Engineer for determination of specific problem resolution 
which may include special construction.

3.4 INSTALLATION - UNDERGROUD RACEWAY

A. Carefully plan excavations for electrical systems and utilities in advance, paying particular 
attention to other utilities in the project area, both existing and new.  Use hand and/or 
machine excavation cautiously to prevent damage to installed systems.  The Contractor 
is responsible for repairing all damages caused as a result of excavation.

B. Standard conduit depths:
1. Slightly less than 60” deep for utility primary cables and conduits where ditching 

is provided by the Contractor.
2. Minimum of 36” below grade outside of the building lines for service entrance and 

feeder circuits.
3. Minimum of 24” below grade outside of the building lines for branch circuit 

conduits.
4. Below concrete building slabs:

a. Conduits installed under sidewalks, driveways, porches, and similar 
areas outside of the main building slab shall maintain the minimum 
depths listed above.

b. Conduit installed under the main building slab:
1) Do not install horizontal conduit runs in the slab itself.
2) Place conduit in sand cushion region below the building slab or 

place in the lower soil below the sand cushion.
3) Conduits placed in the lower soil shall have their surrounding 

ditch area filled with compacted sand with the bottom of the 
conduit placed at least 1” above the bottom of the ditch soil.

4) Adjust conduit depth so there is adequate room to turn up risers 
so that risers are vertical after passing through the top surface of 
the slab.

C. Ditch backfill:
1. Backfill with “flowable fill”:

a. Flowable fill shall contain Portland cement, water, fly ash, and fin 
aggregate.

b. Portland cement:
1) Mix shall contain a minimum of 3.5 sacks of Portland cement per 

cubic yard of fill.
2) Type I or type II conforming to ASTM C150 or ASTM C595.

c. Fly ash shall conform to ASTM C618 Class C or Class F.  Fly ash may 
be eliminated only with written approval of the Engineer.

d. Batching and mixing shall conform to ASTM C94.  Place with chutes, 
conveyors, or pumps.

e. Flowable fill shall “flow” with little head or mounding, with a slump of 
approximately 10” to 11”.

f. 28-day compressive strength shall be no more than 100 psi and no less 
than 75 psi.

g. Depth of flowable fill:
1) Asphalted areas:  Entire ditch depth except for within 7.5” of final 

grade.
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2) Grassy areas.  Entire ditch depth except for within 12” of final 
grade.

D. Tracer wire:
1. Provide and install in conduit ditches for spare or unused conduits.
2. Install one #12AWG solid copper THHN/THWN insulated conductor in the ditch 

with the conduit.
3. Temporarily attach the tracer wire to the outer top surface of the conduit to keep 

the tracer wire from falling off of the conduit and into the ditch prior to backfilling.  
Utilize electrical tape, duct tape, or similar material for attachment of tracer wire.

4. Stub up tracer wire above grade on each end of conduit run as the conduit 
penetrates grade level.  Provide loop of wire at each end to allow for future easy 
attachment of tracer equipment.  Attach wire loops to sides of conduit.

5. Internal pull wire may not be substituted for tracer wire.
6. Tracer wire is required outside of the building slab perimeter for non-metallic 

conduits only under the following conditions:
a. Empty service entrance and feeder non-metallic conduits installed 

without conductors and in a direction other than that of other service 
entrance of feeder conduits (spare or empty conduits run with active 
conduits do not require tracer wires).

b. Active or inactive conduits for fiber optic cables.
c. Service entrance, feeder, or branch circuit conduit stub-outs for future 

use.

E. Ditch marking tape:
1. Install in the ditch where utility or service entrance conduits are buried outside 

the building perimeter.
2. Tape is not required for exterior branch circuit ditches.
3. Install approximately 6” to 12” below final grade.
4. Tape requirements:

a. Equal to 6 ply extra stretch “Terra-Tape 540” manufactured by Reef 
Industries, Inc.

b. Nominally 6” wide.
c. Yellow or red background with black block letters continuously printed 

with the statement “Caution Electric Line Buried Below” or similar 
acceptable wording.

3.5 INSTALLATION- PVC RACEWAY

A. Joints:
1. Thoroughly clean conduit and fitting or coupling prior to application of glue.
2. Utilize solvent type glue compound, which will provide a watertight permanent 

joint by welding both PVC surfaces together.
3. Do not use aerosol or spray-on joint compound.

B. Bends and offsets:
1. Make any PVC field offsets with a hot box bender specifically approved for the 

purpose.
2. PVC offsets of less than 45 degrees may be field or factory made.
3. Install factory PVC bend where angle of bend is 45 degrees or more.
4. Provide rigid steel or IMC factory ell or offset in conduit run, instead of PVC, 

where:
a. Conduits 2” trade size or larger.
b. Length of run exceeds 125 ft.
c. Ropes larger than ¼” diameter are used for pulling conductors.
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d. Any location where the installation of the conductors may pull through 
the interior wall of PVC elbows or offsets.

C. Transition to the type of metallic conduit used above grade or above slab as the PVC 
conduit passes through the grade or slab.

D. Protection of steel fittings, couplings, elbows, and offsets utilized below grade in PVC 
conduit runs:
1. Protect metallic conduit and fittings with either factory-applied coating or field 

applied coating.
2. Coatings or fitting skirts shall extend past the metallic conduit or fittings onto the 

PVC conduit run to make a watertight seal.
3. Field applied tape coatings:

a. Overall coating must be a minimum of 20 mils thickness.
b. Provide at least one half-lapped layer of Scotch #50 (10 mil) tape or one 

layer of Scotch #51 (20 mil) tape with overlapped edges.
c. Prime conduit with Scotch Pipe Primer (or equal) prior to application of 

tape.

3.6 INSTALLATION- HDPE RACEWAY

A. Lay the conduit in the ditch as straight as possible, taking care to avoid “snaking” of 
conduit.

B. Conduit shall be installed complete, end-to-end, without joints in the HDPE run.  If conduit 
installed is too short, replace with single continuous run.

C. Take precautions to avoid deforming the internal diameter of the conduit.  Any conduit 
which is kinked or has excess “ovaling” shall be removed and replaced.

D. Provide couplers where transitioning from HDPE to PVC or steel conduit.  Coupler 
installation:
1. Thoroughly clean conduit and fitting or coupling prior to application of couplers
2. Prepare cut conduit ends by beveling the outside edge of the conduit prior to 

inserting into the coupler.
3. Remove any stray burrs or conduit shavings with a deburring tool.
4. Install coupler onto conduits at the correct docking depth.  Tighten stainless steel 

bands to provide a watertight joint.

E. Transition to the type of metallic conduit used above grade or above slab before the 
HDPE conduit passes through the grade or slab.  HDPE may be run complete without 
transition only where the conduit terminates in a poured concrete base (such as a pole 
base).

3.7 GENERAL INSTALLATION – BOXES

A. Refer to the Drawings for the general location of boxes and outlets.

B. Switch boxes near doors:
1. Install close to trim when located by doors.
2. Place wall switch outlets at door locations on the lock side of the door.  If no 

usable wall space adjacent to the lock side jamb is available, place switch outlets 
on the wall against which the door swings and in a location accessible after the 
door is fully opened.

C. Boxes required by code due to conduit bends are generally not indicated on the 
Drawings.
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D. The Contractor shall familiarize himself with the details of all rooms, spaces, and 
construction requirements so that the installation of outlets and other electrical equipment 
shall not interfere with work of other trades or render the outlets or equipment 
inaccessible for maintenance or repair.

E. Any outlet, box, or related item may be relocated within 10 feet of its indicated location 
without additional cost to others.

F. General Requirements:
1. Close unused openings with knock-out closures.
2. Properly support to prevent movement.
3. Reduced in size if necessary when indicated to be installed in window mullions or 

other areas requiring narrower or smaller boxes.  Substitutions require the 
Engineer’s approval.

3.8 INSTALLATION – WALL OUTLET BOXES

A. Offset to reduce sound transmission between rooms.

B. Outlet boxes in smoke control walls (such as egress corridor walls) shall be offset at least 
24” from each other where mounted on opposite side of the wall.  If smoke control wall 
outlet boxes are not placed at least 24” apart, then the rear of the box shall be covered 
with a fire rated pad (such as “Metacaulk Box Guard”) which will expand and seal off the 
box in the event of a fire, or must be completely covered with a fire rated putty along the 
top, bottom, and sides of the box.

C. If new switches, receptacles, or similar devices are installed in existing outlet boxes, the 
following shall be provided:
1. Existing outlet boxes must be of sufficient size to accommodate new devices.
2. Existing outlet boxes must be of correct heights to conform with ADA and similar 

code heights.  See subsequent information for correct mounting heights.  Existing 
boxes that do not meet the new mounting height requirements shall not be 
reused for new devices or shall be moved to the new correct mounting heights.

3.9 INSTALLATION – RECESSED BOXES

A. Install so that device and/or coverplates shall be tight and plumb with wall finish.

B. Box supports are required of all interior switch and receptacle boxes unless excluded by 
the Engineer.

C. Install with device box supports equal to Caddy “H” series “Quick-mount” for interior use.

D. Boxes installed masonry walls may use the mortar fill or block sides to support the boxes 
provided the fill or sides are in close contact with the boxes and permanently prevent 
movement.

E. Ganging boxes:
1. Gang where possible.
2. Where interior multiple receptacle, switch, or communication outlets are indicated 

on the Drawings, boxes to be closely grouped, use Caddy “SGB” series of box 
brackets.

3. Do not widely space outlets indicated on the Drawings to be grouped.

F. Covers and rings:
1. Cover with ½” raised galvanized device covers for exposed conduit work.
2. Furnish with raised galvanized plaster rings for concealed conduit work.
3. Provide single gang rings for single device mounts even if box is double gang.
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3.10 INSTALLATION – CEILING BOXES

A. Install so that device and/or coverplates shall be tight and plumb with ceiling line or tight 
to exposed structural mounting.

B. Furnish with raised galvanized plaster rings for concealed box installation in plaster, 
wood, or gypboard ceilings.

C. Furnish 4” square or octagonal 4” nominal sized boxes for connecting to standard 
fixtures.

D. Structurally support boxes used for hanging lighting fixtures or other items in accordance 
with the Drawings and NEC Articles 410.

3.11 INSTALLATION – BOX MOUNTING HEIGHTS

A. Mounting heights of outlets:  The height of each outlet shall be in accordance with the 
Specifications and as directed by Architect for special décor or other architectural 
features.  Heights are given above finished floor to the center of the outlet box unless 
noted otherwise.

B. Standard Mounting Heights:
1. Wall switches 48”
2. Receptacles—General use 15”-18”  (*1)
3. Receptacles—Storage 24”
4. Receptacles—Cabinet work Above splash
5. Receptacles-Sinks Above lip of sink
6. Desk Telephone/Data 15”-18”  (*1)
7. Disconnect Switches 48”-60”
8. Receptacles in Service areas 24”

      (*1) Locate outlet boxes as follows:
a. Minimum height of receptacles and communication outlets is 15”.  This 

minimum height is for the lowest operable part of the receptacle, and 
reflects the final height after all floor finishes (such as carpet) have been 
installed.  For vertically mounted duplex wall outlets, this places the 
center of the box at no less than 16.5” AFF assuming vinyl tile (carpet or 
thicker floor covering will increase this height).

b. Outlets in close proximity to each other shall be set at the same height to 
satisfy the most restrictive condition so as to avoid a staggered 
appearance.

3.13 CLEANING

C. Section 01700 – Contract Closeout: Final cleaning.

D. Clean interior of boxes to remove dust, debris, and other material.

E. Clean exposed surfaces and restore finish.

END OF SECTION



16140 - 1

SECTION 16140

WIRING DEVICES

PART 1 GENERAL

1.1 SUMMARY

A. Section includes wall switches; receptacles; multioutlet assembly; and device plates and 
decorative box covers.

B. Related Sections:
1. Section 16130 - Raceway and Boxes: Outlet boxes for wiring devices.

1.2 REFERENCES

A. National Electrical Manufacturers Association:
1. NEMA WD 1 - General Requirements for Wiring Devices.
2. NEMA WD 6 - Wiring Devices-Dimensional Requirements.

1.3 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Product Data: Submit manufacturer's catalog information showing dimensions, colors, 
and configurations.

1.4 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

PART 2 PRODUCTS

2.1 WALL SWITCHES

A. Manufacturers:
1. Hubbell.
2. Leviton.
3. Pass & Seymour.
4. Cooper (Arrow Hart).
5. Substitutions: Not permitted.

B. Product Description: NEMA WD 1, General-Duty, AC only general-use snap switch.
1. General requirements:

a. Quite type.
b. Rated for use at 120-277VAC.
c. Rated for 20A unless noted otherwise on the Drawings.
d. Silver alloy contacts.
e. Plated (not galvanized) mounting strip with self-grounding clip mounted 

at screw end of strap.
f. Permanently lubricated spring and pivot points.

2.2 RECEPTACLES

A. Manufacturers:
1. Hubbell.
2. Leviton.
3. Pass & Seymour.
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4. Cooper (Arrow Hart).
5. Substitutions: Not permitted.

B. Product Description: 
1. General requirements:

a. Grounding type.
b. Double-wipe or triple-wipe plug attachment contacts.

2. General convenience receptacles (20A or less):
a. Duplex type.
b. Provide with self-grounding clip on mounting strap.
c. Flat face flush with plate.
d. Nylon face.

3. Ground fault circuit interrupter (GFI or GFCI) receptacles:
a. UL listed as a Class A ground fault protective device that trips at a 

ground fault current level of 6 milliamps or more.
b. Have “test” and “reset” pushbuttons on the face of the receptacle.
c. Rectangular face.
d. Meet the requirements of UL 943, effective 1/1/2003, including:

1) Prevent functioning if miswired (reversed line/load).
2) Increased corrosion and moisture resistance.
3) Overvoltage and surge test.
4) Improved radio frequency immunity.

4. Devices greater than 20A:
a. Simplex type.
b. Grounding type unless noted otherwise on the Drawings.

2.3 WALL PLATES

A. Manufacturers:
1. Hubbell.
2. Leviton.
3. Pass & Seymour.
4. Cooper (Arrow Hart).
5. Substitutions: Not permitted.

B. Product Description: 
1. Provide all device plates standard size.  Large sizes may be provided to conceal 

installation irregularities only where specifically approved by the A/E.
2. Wet or damp location installations shall conform to NEC Article 410-57 with the 

following provisions:
a. Damp locations:

1) Double “flap” covers (one flap per receptacle plug-in position) 
that are weatherproof in the closed or sealed position for non-
GFCI receptacles.

2) Single “flap” covers that are weatherproof in the closed or sealed 
position for GFCI receptacles.

b. Exterior and all interior wet locations:
1) Provide GFCI receptacles in these locations.
2) Single covers that are weatherproof when cord plugs are 

installed in the receptacle.
3) Provide covers with gaskets or grooves that prevent the entry of 

moisture between the cover and the device.
4) Covers shall be manufactured by Leviton, Taymac, or approved 

equal.
3. Interior locations:
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a. #302/304 alloy 0.032” minimum thickness non-magnetic smooth or 
brushed stainless steel plates for heavy duty use in mechanical rooms, 
machine rooms, storage areas, and similar locations.

b. #430 alloy 0.030” minimum thickness smooth or brushed stainless steel 
plates for use in standard mechanical rooms, machine rooms, storage 
areas, and similar locations.

c. Nylon or high impact hospital grade plastic plates (standard plastic or 
phenolic plates are not acceptable) for other areas.

4. Coverplates in special areas will require being coordinated as to color of exposed 
parts and coverplates.  Coordinate with the Architect prior to installation of these 
types of plates.

2.4 DEVICE COLORS

A. White finish is the standard color for all switches and receptacles unless noted.

B. Install brown or black finish devices on dark colored surfaces or where receptacles are of 
higher amperage rating than 20A.

C. Coordinate with the Architect where special surfaces are encountered.

D. Special receptacle colors:
1. Orange finish or orange indications when of the isolated ground type.

2.5 SCHEDULE OF DEVICES

A. Schedule of Standard Devices includes device numbers for Hubbell for the purpose of 
setting a quality standard.

B. Cross-reference: Hubbell 5352 series of receptacles are considered equivalent to other 
manufacturer’s 5362 series.  Hubbell 1200 series of switches are considered equivalent 
to other manufacturer’s 1200 series.

C. Schedule of Standard Devices
SPST Wall Switch, 20A: #HBL1221
3-Way Wall Switch, 20A: #HBL1223
4-Way Wall Switch, 20A: #HBL1224
Simplex Receptacle: Type as noted
Duplex Receptacle, 20A: #5352
Duplex Receptacle, EWC, 20A: #5352
Duplex Receptacle, GFI, 20A: #GF5352A
Duplex Receptacle, 15A, IG & Hospital Grade: #IG8200
Duplex Receptacle, 20A, safety type: #HBLSG63H

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify outlet boxes are installed at proper height.

B. Verify wall openings are neatly cut and completely covered by wall plates.

C. Verify branch circuit wiring installation is completed, tested, and ready for connection to 
wiring devices.

3.2 PREPARATION

A. Clean debris from outlet boxes.
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3.3 INSTALLATION

A. General device installation requirements:
1. All devices and plates plumb and parallel to adjacent surfaces or trim.
2. Mount switches with the long dimension of the device vertical.
3. Mount general convenience receptacles with the long dimension vertical with the 

ground pin on the bottom.
4. Where receptacles are installed over counter splashes or in exterior locations, 

install horizontally.
5. Device face must be flush with the finished trim coverplates and plates must be 

tight to surfaces over which they are installed.

B. Coordination
1. The Contractor is responsible for verifying door schedules and room finishes to 

insure proper clearances from obstructions such as door openings.
2. Interferences:

a. Carefully examine the complete areas as well as each individual room 
where controls are to be installed for interference with structure, wall 
finishes, bulletin boards, and similar items.

b. Revise or relocate, after approval of the Engineer, items which conflict 
with structure, finishes, or equipment.

C. Receptacles:
1. Generally install by a pigtail connection to the branch circuit, where the branch 

circuit is fed-through the outlet box.
2. Where the receptacle is the last outlet on the branch circuit, connect the branch 

circuit conductors directly to the last receptacle.
3. Unless the branch circuit is protected by GFCI circuit breaker in the panelboard 

feeding the branch circuit, provide GFCI receptacles, whether specifically 
indicated on the Drawings or not.
a. Install where noted on the Drawings or where required by Code, all 

exterior locations, including wall and roof receptacles, within 6 feet of 
sinks, in elevator pits and elevator machine rooms.

b. GFCI receptacles are to be pigtailed to branch circuit conductors and 
shall not be installed in “feed-through” applications unless specifically 
noted otherwise.

4. Safety receptacles:
a. Install where noted on the Drawings.
b. Install in rooms or areas accessible to and normally occupied by children 

under the age of 12.

D. Switches:
1. Connect switches to the proper circuits and lighting fixtures as indicated on the 

Drawings.  Consult the Engineer for interpretations of fixture switching if required.
2. Where more than one switch occurs in one outlet box and causes 300V or more 

to exist between devices (typical for two or more snap switches on separate 
branch circuits in a 480Y/277V system), a barrier must be provided for isolation 
to meet NEC 404.8(B) requirements.

3. Snap (toggle) switches may be used for disconnect of smaller single phase motor 
and equipment loads rated 277V and below where switches are rated for motor 
use.

E. Plates:
1. Use single piece plates for all ganged device locations.
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2. Where coverplates do not completely conceal the rough openings for the 
devices, it is the responsibility of the Contractor to patch, paint, etc., around the 
opening to the satisfaction of the A/E.

3. Refer to Section 16075 for labeling.

3.4 ADJUSTING

A. Section 16950 –Electrical System Testing: Testing, adjusting, and balancing.

B. Adjust devices and wall plates to be flush and level.

3.5 CLEANING

A. Section 01700 – Contract Closeout: Final cleaning.

B. Clean exposed surfaces to remove splatters and restore finish.

END OF SECTION
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SECTION 16149

REMOTE-CONTROL SWITCHING DEVICES

PART 1 GENERAL

1.1 SUMMARY

A. Section Includes:
1. Occupancy sensors.

B. Related Sections:
1. Section 16075 - Electrical Identification: Product requirements for electrical 

identification items for placement by this section.
2. Section 16123 - Building Wire and Cable.
3. Section 16130 - Raceway and Boxes: Product requirements for raceway and 

boxes for placement by this section.
4. Section 16140 - Wiring Devices: Product requirements for wiring devices for 

placement by this section.
5. Section 16442 - Panelboards.

1.2 REFERENCES

A. National Electrical Manufacturers Association:
1. NEMA AB 1 - Molded Case Circuit Breakers and Molded Case Switches.
2. NEMA FU 1 - Low Voltage Cartridge Fuses.
3. NEMA ICS 2 - Industrial Control and Systems: Controllers, Contactors, and 

Overload Relays, Rated Not More Than 2000 Volts AC or 750 Volts DC.
4. NEMA ICS 4 - Industrial Control and Systems: Terminal Blocks.
5. NEMA ICS 5 - Industrial Control and Systems: Control Circuit and Pilot Devices.
6. NEMA ICS 6 - Industrial Control and Systems: Enclosures.
7. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 

Volts Maximum).

1.3 SYSTEM DESCRIPTION

A. Distributed switching control using self contained individually mounted lighting relays.

1.4 SUBMITTALS

A. Section 01300 - Submittals: Requirements for submittals.

B. Shop Drawings: Indicate dimensioned drawings of lighting control system components 
and accessories.
1. One Line Diagram: Indicating system configuration indicating panels, number 

and type of switches or devices.
2. Include typical wiring diagrams for each component.

C. Product Data: Submit manufacturer’s standard product data for each system component.

D. Manufacturer's Installation Instructions: Submit for each system component.

1. Supply manuals on system components to permit ease of installation, system operation 

and maintenance including, but not limited to the following:

a) Lighting control system step-by-step operating instructions.

b) Relay panel schedules indicating circuits connected, inputs assigned, area 

controlled, panel location and panel equipment details.

1.5 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Requirements for submittals.
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B. Project Record Documents: Record the following information:
1. Actual locations of components and record circuiting and switching 

arrangements.
2. Wiring diagrams reflecting field installed conditions with identified and numbered, 

system components and devices.

C. Operation and Maintenance Data:
1. Submit replacement parts numbers.
2. Submit manufacturer’s published installation instructions and operating 

instructions.
3. Recommended renewal parts list.

1.6 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum ten years experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Section 01500 – Construction Facilities and Temporary Controls: Requirements for 
transporting, handling, storing, and protecting products.

B. Accept components on site in manufacturer’s packaging. Inspect for damage.

C. Protect components by storing in manufacturer’s containers indoor protected from 
weather.

1.8 WARRANTY

A. Furnish five year manufacturer warranty for components.

1.9 EXTRA MATERIALS

A. Furnish two of each switch type.

B. Furnish two of each occupancy sensor type.

C. Furnish two of each photocell type.

PART 2 PRODUCTS

2.1 OCCUPANCY SENSOR

A. Manufacturers:
1. Watt Stopper.
2. Novitas.
3. Hubbell.
4. Substitutions: As permitted by the Engineer.

B. Product Description:
1. General requirements:

a. Technology:
1) Utilize passive infrared technology for smaller offices, storage 

rooms, and similar areas.
2) Utilize ultrasonic technology for restrooms and areas of 

significant occupant movements.
3) Utilize combination passive infrared/ultrasonic technology for 

areas such as classrooms, workrooms, and other areas in which 
occupancy requires more sophisticated detection.

b. Mount as follows:
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1) Wall mount in the same location as the standard room entrance 
lighting switch in smaller single occupancy rooms.  To utilize wall 
mounted sensors, the room must meet the following criteria:
a) Rectangular shaped of 200 sq. ft. or less.
b) Normally used by single occupant.
c) Unobstructed view of occupant from standard wall switch 

location.
d) Do not use for irregularly shaped rooms, rooms with wall 

partitions that block sensor operation, longer hallways, 
or rooms larger than 200 sq. ft.

2) Ceiling mount in all other occupancies.
c. Sensor operation and requirements:

1) Self contained, operated at line lighting voltage (120VAC or 
277VAC), for wall mounted locations as defined previously.  
Rating shall be 20A minimum for ballast loads and 16A minimum 
for incandescent loads.

2) Sensor shall operate at 24VDC (approx. 14-30ma) for ceiling 
mount installations.  Include power packs or similar devices to 
operate the actual lighting circuits controlled by the sensor.

3) LED in face of sensor that activates to indicate motion or 
presence of occupant.

4) Provide built-in:
a) Automatic detection and energization (non-time-delay) 

upon sensing occupant.
b) Field adjustable Off time delay.
c) Field adjustable sensitivity.

2. Types of sensors:
a. Wall mounted passive infrared or ultrasonic sensors:

1) Manual On/Off control switch in faceplate.
2) 180 degree motion sensing.
3) Able to detect vertical and horizontal motion.
4) Color of plate shall match color of standard wiring devices.
5) Equal to Watt Stopper #WM series.

b. Large area sensors:
1) Dual technology passive infrared and ultrasonic, unless noted 

otherwise on the Drawings.
2) Wide angle lens for office.
3) Utilize long range narrow dispersion angle lens for detection of 

occupancy in longer hallways.
4) Complete with any required adjustable mounting ceiling 

brackets.
5) Equal to Watt Stopper DT-100 series.

3. Relays or “power packs” shall be used with low voltage sensors to control the 
lighting circuits as follows:
a. Provide 24VDC unswitched power to operate sensors.
b. Be controlled by 24VDC input from sensors.
c. Include single normally open electro-mechanical or solid state output 

contact rated at 20A, 12VAC or 277VAC.
d. Equal to the following Watt Stopper “power pack” components:

1) A120-EP for 120V “master” applications.
2) A277-EP for 277V “master” applications.
3) S-120/277/347-EP for “slave” applications where more than 1 

lighting circuit is controlled by the sensor.
4. System control (low voltage) wiring:

a. Low voltage multi-conductor cable between sensor and controls.
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b. Minimum #24AWG copper conductors.
c. Conduit is required where wiring is installed in walls.
d. Conduit is required where wiring is installed in ceiling spaces unless:

1) Ceiling is not a return air plenum.
2) Plenum rated cable is installed in return air plenum.

5. System performance requirements:
a. Sensors and associated relays, if used, shall perform in a completely 

acceptable manner based upon the intended function of the space or 
room which they control.

b. Anticipated use of room is defined by the room title.  Unusual or multiple 
use rooms shall have their operation defined by the Engineer.

c. Siting of sensing devices is critical to proper operation and shall be 
confirmed with the Engineer prior to installation.

d. Manufacturer’s standard sensor products are not necessarily 
substitutable on a one-for-one basis with those indicated or specified.  
Manufacturer shall submit adequate number of sensors, devices, or 
additional equipment required to perform the intended functions.

PART 3 EXECUTION

3.1 INSTALLATION

A. General
1. Furnish and install all lighting controls complete as herein specified and as called 

for on the Drawings.
2. Clean all controls and leave free of any dirt, dust, grease, etc., at the completion 

of the job.

B. Coordination
1. The Contractor is responsible for verifying door schedules and room finishes to 

insure proper clearances from obstructions such as door openings.
2. Interferences:

a. Carefully examine the complete areas as well as each individual room 
where controls are to be installed for interference with structure, wall 
finishes, bulletin boards, and similar items.

b. Revise or relocate, after approval of the Engineer, items which conflict 
with structure, finishes, or equipment.

3. Thermostats:
a. Coordinate with mechanical drawings to determine any conflicts with wall 

mounted thermostats adjacent to or above dimmer switches producing 
heat while in the dimmed mode.

b. Relocate dimmer switches or coordinate with Division 15 to relocate wall 
thermostats to avoid false temperature sensing by thermostats.

C. Exterior Fixture Controls:
1. Photocell:

a. Roof mount and orient to the north for proper operation.
b. Provide associated relay for connection to energy management system.
c. Provide one hot and one switched line voltage conductors plus neutral 

and ground to conventional photocell.
d. Set photocell window slide or operating sensitivity to allow operation from 

dusk to dawn.
2. Verify proper fixture circuiting and switching.

D. Occupancy Sensors and Controls
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1. Wall mount single small room self-contained occupancy sensors in same location 
as normal room light switch.  Connect to line voltage lighting circuit.

2. Ceiling mount all occupancy sensors as follows:
a. Locate office and classroom sensors in center of room or in corner of 

room as directed.  Provide with proper lens to sense occupancy in either 
square or rectangular pattern as required by the area served.

3. Install relays or “power packs” in or adjacent to junction boxes to allow make-up 
of wiring.  Mount relay junction boxes as follows:
a. In accessible ceiling spaces, mount in ceiling space adjacent to sensor.
b. In substantially inaccessible ceilings (such as gypboard, concealed 

spline, or similar types), mount as follows in the following order of 
priority:
1) Adjacent to ceiling access door where door is provided.
2) In wall switch box where On/Off wall switches are provided.
3) In junction box located where normal wall switch would be 

located if wall switches are not provided.
4) Alternate location as approved by Engineer.

4. Install and connect all power and control wiring.
5. Adjust sensor and controls as follows:

a. Adjust sensitivity of each sensor.
b. Adjust Off time delay of each sensor.
c. Sensors may require additional adjustments after space or room 

occupancy and occupant behavior have been established.
6. Provide complete testing to insure sensor system is properly functioning.  If 

equipment as installed fails to perform as required, Contractor shall relocate 
existing sensors or add additional sensor(s) to make the control system function 
properly with anticipated use of the space(s).

7. See Drawings to determine if standard wall switches shall be installed in any 
areas served by occupancy sensors.  If so, connect wall switches ahead of the 
power to the relays or “power packs” and in series with the relay or “power pack” 
output relay to allow definite On/Off control to the sensor system.

3.2 ADJUSTING

A. Test each system component after installation to verify proper operation.

B. Confirm correct loads are recorded on directory card in each panel.

END OF SECTION
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SECTION 16411

ENCLOSED SWITCHES

PART 1 GENERAL

1.1 SUMMARY

A. Section includes nonfusible switches.

1.2 REFERENCES

A. National Electrical Manufacturers Association:
1. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 

Volts Maximum).

B. International Electrical Testing Association:
1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems.

1.3 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Product Data: Submit switch ratings and enclosure dimensions.

1.4 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Closeout procedures.

B. Project Record Documents: Record actual locations of enclosed switches and ratings of 
installed fuses.

1.5 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

PART 2 PRODUCTS

2.1 NONFUSIBLE SWITCH ASSEMBLIES

A. Manufacturers:
1. Square D.
2. General Electric.
3. Cutler Hammer.
4. Siemens.
5. Substitutions: Not Permitted.

B. Product Description: 
1. Safety switch requirements:

a. Horsepower rated for use as a motor disconnect.
b. Capable of interrupting the locked rotor current of the load served.
c. Dead-front construction.
d. Steel exterior disconnect handles that are not a part of the cover.   

Curved wire or rod type handles are not acceptable.
e. Quick-make, quick-break over-center toggle action to preclude contact 

teasing.
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f. Individual open switch blades which are fully visible in the OFF position 
when the door is open.

g. All current carrying parts plated by electrolytic process.
h. General duty where:

1) Rated for a nominal voltage of 240VAC or less.
2) Rated 400A or less.

i. Heavy duty with blade arc suppressor where:
1) Rated for a nominal voltage above 240VAC.
2) Rated above 400A.
3) Required to be furnished to accommodate Class R fuse rejection 

clips (see below).
4) Noted on the Drawings.

j. Provide Class R fuse rejection clips if the switch is designated as fusible 
type and is rated 600A and below.

C. Enclosure: NEMA KS 1, to meet conditions. Fabricate enclosure from steel finished with 
manufacturer's standard gray enamel.
1. Interior Dry Locations: Type 1.
2. Exterior Locations: Type 3R.

D. Service Entrance: Switches identified for use as service equipment are to be labeled for 
this application. Furnish solid neutral assembly and equipment ground bar.

E. Furnish switches with entirely copper current carrying parts.

2.2 SNAP TOGGLE SWITCH ASSEMBLIES.

A. Snap (toggle) switch requirements:
1. Single Phase 115V or 277V fractional horsepower motors, variable air volume 

boxes, electric duct heaters, and related items that do not require an external 
(Contractor furnished) starter may use a general use 120-277V rated snap switch 
or manual motor starter (as indicated) for the disconnect means where local code 
allows and the Drawings specifically indicate.

2. Minimum snap switch ampacity as follows:
a. Rated for motor use.
b. Rated minimum of 15A.
c. Rated minimum of 20A for full load currents of 10A to 15A.
d. Provide enclosed safety switch or MCS for loads greater than 15A.

3. Refer to Section 16140 for snap switch specifications.

2.3 CORD AND PLUG ASSEMBLIES

A. Cord and plug connected devices and equipment:
1. Provide a cord with a plug to attach the fixed electrical system to appliances, 

motors less than 1/8HP, control panels, and similar installations served at 120V 
(nominal) and above, unless the device includes an integral disconnect switch.

2. Cords shall be minimum #14AWG and include a grounding conductor.  Voltage 
rating shall meet or exceed the branch circuit operating voltage.  See Section 
16123 for additional requirements for cords.

3. Provide a matching plug, NEMA style, for each plug.  Plugs shall be grounded 
unless specifically approved otherwise.

2.4 SWITCH RATINGS

A. Switch Rating: Horsepower rated for AC or DC as indicated on Drawings.

B. Short Circuit Current Rating: UL listed for 10,000A RMS symmetrical amperes when used 
with or protected by Class H or K fuses (30-600 ampere).
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PART 3 EXECUTION

3.1 INSTALLATION

A. Furnish and install motor, circuit, and equipment disconnects required for all electrically 
operated equipment unless said disconnects are furnished under another Division of the 
Specifications or are furnished as an integral part of the equipment.

B. Mount disconnect switches, circuit breakers, molded case switches, and related items 
adjacent to the equipment controlled unless indicated otherwise on the Drawings.

C. Properly proper structural support for the disconnecting equipment.  Support may include 
Unistrut type channels, brackets steel angles, factory-made support shelves, proper 
anchoring to concrete, steel, or masonry walls, or other support suitable to the Architect 
and Engineer.

D. Install enclosed switches plumb. Provide supports in accordance with Section 16070.

E. Height: 5 feet to operating handle.

F. Install engraved plastic nameplates in accordance with Section 16075.

END OF SECTION
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SECTION 16491

FUSES

PART 1 GENERAL

1.1 SUMMARY

A. Section includes fuses and spare fuse cabinet.

1.2 REFERENCES

A. National Electrical Manufacturers Association:
1. NEMA FU 1 - Low Voltage Cartridge Fuses.

1.3 DESIGN REQUIREMENTS

A. The contractor shall be responsible for coordination with other trades and equipment 
suppliers to verify exact load and connection requirements.

B. Reasonable modifications shall be made without cost to the Owner to the specified fuse 
sizes if dictated by the exact equipment selected.

C. See Part 3- Execution for possible changes required by modifications to specified HVAC 
or motor operated equipment. 

D. Select fuses to provide appropriate levels of short circuit and overcurrent protection for 
the following components: wire, cable, bus structures, and other equipment. 

E. Select fuses to coordinate with time current characteristics of other overcurrent protective 
elements, including other fuses, circuit breakers, and protective relays. 

1.4 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Submit manufacturer’s data demonstrating compliance with this Specification. Include the 
following data:
1. Device’s catalogue data.
2. Ampere rating.
3. Voltage rating.
4. UL Class.
5. Physical fuse construction.
6. Dimensions.
7. Interrupting rating.

1.5 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Closeout procedures.

B. Project Record Documents: Record actual sizes, ratings, and locations of fuses.

1.6 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

1.7 MAINTENANCE MATERIALS

A. Furnish two fuse pullers.
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1.8 EXTRA MATERIALS

A. Furnish three spare fuses of each Class, size, and rating installed.

PART 2 PRODUCTS

2.1 FUSES

A. Manufacturers:
1. Bussmann.
2. Littelfuse.
3. Shawmut.
4. Cefco.
5. Substitutions: Not Permitted.

B. Dimensions and Performance: NEMA FU 1, Class as specified or as indicated on 
Drawings.

C. Voltage: Rating suitable for circuit phase-to-phase voltage.

D. UL listed for 250VAC, 300VAC, or 600VAC as required by the voltage of the system on 
which the fuse is installed.

E. Fuses rated 600A and below:
1. UL Class RK5:

a. Rejection feature.
b. Dual element time delay with copper link short circuit sections.
c. Current limiting.
d. Capable of interrupting a 200,000A RMS symmetrical short circuit when 

applied at the rated fuse voltage.
e. Equal to Buss FRN-R or FRS-R).
f. Used for protection of:

1) HVAC equipment and motors.
2) Transformers.
3) Feeder circuits.
4) Main service entrance switch.

2. UL Class CC:
a. Rejection feature may be provided, but is not required.
b. Time delay (not fast-acting)
c. Capable of interrupting at least 10,000A RMS symmetrical short circuit 

when applied at the rated fuse voltage.
d. Miniature 13/32” X 1-1/2” cartridge size.
e. Equal to Buss FNQ, Littelfuse FLQ, Shawmut ATQ, or Cefco CNQ.
f. Used for protection of:

1) Control circuits.
2) Control transformers.
3) Exterior lighting fixtures.  Refer to Section 16500 for details on 

fuse sizing and installation details.

2.2 SPARE FUSE CABINET

A. Product Description: Wall-mounted sheet metal cabinet with shelves, suitably sized to 
store spare fuses and fuse pullers specified.

B. Doors: Hinged, with hasp for Owner's padlock.

C. Finish: Gray enamel.



16491 - 3

PART 3 EXECUTION

3.1 EXISTING WORK

A. Remove fuses from abandoned circuits.

B. Maintain access to existing fuses and other installations remaining active and requiring 
access. Modify installation or provide access panel.

3.2 INSTALLATION

A. Install fuse with label oriented so manufacturer, type, and size are easily read.

B. Install spare fuse cabinet as indicated on Drawings.

C. Fuse sizes for HVAC and motor operated equipment:
1. Approximate fuse sizes are indicated on the Drawings and are based on 

estimated equipment characteristics of the specified mechanical equipment.
2. Field determine exact HVAC equipment provided and size fuses for equipment 

that is actually installed, paying close attention to the equipment label.
3. Provide increased fuse or disconnect sizes if required to accommodate larger 

equipment than that originally specified.
4. Costs for increasing disconnect ampacity, fuse cartridge size, or other similar 

changes shall be compensated by Division 15 where selection, purchase, and 
installation of electrically larger or more demanding equipment is made at the 
discretion of Division 15.

5. Equipment data shall be interpreted by the Engineer as necessary where 
recommended fuse size deviates from the estimated sizes shown on the 
Drawings.

D. See Section 16520 for directions on installing fuses in exterior lighting fixtures. 

END OF SECTION
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SECTION 16510

INTERIOR LUMINAIRES

PART 1 GENERAL

1.1 SUMMARY

A. Section includes interior luminaires, lamps, ballasts, and accessories.

1.2 REFERENCES

A. American National Standards Institute:
1. ANSI C82.1 - American National Standard for Lamp Ballast-Line Frequency 

Fluorescent Lamp Ballast.
2. ANSI C82.4 - American National Standard for Ballasts-for High-Intensity-

Discharge and Low-Pressure Sodium Lamps (Multiple-Supply Type).

1.3 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Shop Drawings: Indicate dimensions and components for each luminaire not standard 
product of manufacturer.

C. Product Data: Submit dimensions, ratings, and performance data.

1.4 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

1.5 WARRANTY

A. Magnetic type ballast warranted for proper operation for at least 2 years from the date of 
acceptance of the project by the Owner.

B. Electronic type ballast warranted for proper operation for at least 5 years from the date of 
acceptance of the project by the Owner.

1.6 MAINTENANCE MATERIALS

A. Section 01700 – Contract Closeout: Spare parts and maintenance products.

B. Furnish two of each plastic lens type installed.

C. Furnish two replacement lamps for each lamp type installed.

D. Furnish two of each ballast type installed.

PART 2 PRODUCTS

2.1 INTERIOR LUMINAIRES

A. Provide hangers, hardware, supports, grid attachment clips, canopy extensions, and 
related items as required by applicable codes and standards.

B. Provide factory or field assembled frames for recessed gypboard or plaster mounted 
fixtures.

C. Furnish fixtures with specified or scheduled finishes.
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D. Diffusers shall be of the thickness as specified in the Fixture Schedule on the Drawings.  
If no thickness is specified, the nominal diffuser thickness is 0.125” (0.140” nominal 
thickness).

E. All painted fixtures shall be painted after fabrication.

F. Troffers shall have cam or spring loaded latches on their door frames (as specified on the 
Drawing Fixture Schedule).  Do not provide “lift and shift” door frames.

2.2 MAGNETIC FLUORESCENT BALLASTS

A. Manufacturers:
1. Advance Transformer Co.
2. Universal.
3. General Electric.
4. Osram Sylvania.
5. Lutron.
6. Substitutions: Not Permitted.

B. Product Description: 
1. Rapid start type.
2. Class “P” protected by a thermal switch.
3. High-power-factor type magnetic ballast certified by Certified Ballast 

Manufacturers, Inc. to comply with ANSI C82.1, suitable for lamps specified, with 
voltage to match luminaire voltage.

2.3 FLUORESCENT BALLASTS

A. Manufacturers:
1. Advance Transformer Co.
2. Universal.
3. General Electric.
4. Osram Sylvania.
5. Lutron.
6. Substitutions: Not Permitted.

B. Product Description:
1. General Requirements:

a. High frequency operation (20KHz or greater).
b. Lamp crest factor of 1.7 or less.
c. Total harmonic distortion of 10% or less unless noted otherwise.
d. Minimum ballast factor of 0.87.
e. Transient immunity to voltage surges as specified by ANSI C62.41, 

Category A1.
f. Operate lamps with no visible flicker (<5% flicker index).
g. Tolerate sustained short circuit and open circuit conditions without ballast 

failure.
h. Class “P” protected by either a thermal switch for over-temperature 

protection or inherent thermal protection incorporated in the circuitry.
i. Electronic ballasts may use standard magnetic ballast sized enclosures 

or may be provided in low profile enclosures, at the manufacturer’s 
option.

2. Non-dimming and dimming linear T8 and T5 2 foot “biax” lamp ballast general 
requirements:
a. Rated for operation of 265mA lamps.
b. Maximum ballast inputs for an enclosed fixture as follows:

1) One nominal 4 foot T8 rapid start lamp:
a) 32W.
b) 0.30A at 120V.
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2) Two nominal 4 foot T8 rapid start lamps:
a) 63W.
b) 0.52A at 120V.

c. Rapid or instant start operation as noted on the Drawing Fixture 
Schedule.  If no specific operation is noted, provide rapid start with series 
lamp connection to provide extended lamp lifetime during shorter starting 
intervals.

d. Designed for full compatibility with the specified fixture lamp(s).
e. Components packaged in same housing as standard magnetic ballast 

unless approved otherwise.
f. Guaranteed for a minimum of two years from any defects.
g. Ballasts per fixture as follows:

1) Provide 2 separate ballasts for split-wired fixtures.  Refer to the 
Drawings to determine which fixtures are split-wired.  Split-wired 
fixtures shall be connected with the outboard lamps operated 
separately from the inboard lamp(s).

2) To minimize the Owner’s inventory of ballasts, a single ballast 
shall not operate more than 2 lamps in any fixture unless noted 
otherwise on the Fixture Schedule.  Single “universal” ballasts 
that operate from 1 to 4 lamps without modification may be used 
in a fixture with up to 4 lamps provided that the fixture is not split-
wired.

h. Pre-approved non-dimming ballasts:
1) Advance “Improved” Mark V or “Centium” series.
2) Magnetek “Triad” or “Low Profile High Performance” series.
3) Motorola #MX-RN-T8-1LL series.
4) Osram Sylvania “Quicktronic” series.
5) General Electric “UltraMax” series.

3. Additional requirements for dimming linear fluorescent T8, T5HO, and nominal 2 
foot T5 “biax” lamp electronic ballasts:
a. Include all general requirements for electronic fluorescent ballasts.
b. Ballast shall dim in a smooth continuous range from 100% down to 10% 

or less of nominal lamp lumen output.
c. Dimming shall be complete throughout the range without producing 

noticeable flicker.
d. Control ballast through one of the following methods:

1) Adjustment of the “hot” line voltage input to the ballast (2 wire 
line voltage control).

2) Control of an additional line voltage lead input to the ballast (3 
wire line voltage control).

3) Control of two separate low voltage (0-10V) control leads 
(Separate low voltage control).

e. All dimming ballasts provided on a project for the same type of lamp 
construction (i.e. T8, T5, or Biax) must have the same type of ballast 
control.

f. Compatible with wall dimmer controls.
g. Where both dimming and non-dimming ballasts are provided in the same 

fixture, the dimming ballast shall operate the inside lamp(s) unless noted 
otherwise.

h. Pre-approved ballasts:
1) Lutron:

a) “HI-Lume” series.
b) “ECO-10” series (T8 and biax).

2) Advance:
a) “Mark VII Controllable” series.
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b) “Mark X Architectural” series.
3) Osram Sylvania Quicktronic.
4) GE Cat. #BX32R.

4. Additional requirements for dimming compact fluorescent ballasts (refer to 2. 
above for general requirements of all linear fluorescent electronic ballasts):
a. Provide same characteristics as standard electronic ballasts except for 

dimming capability.
b. Ballast shall dim in a smooth continuous range from 100% down to at 

least 10% of nominal lamp lumen output.
c. Dimming shall be complete throughout the range without producing 

noticeable flicker.
d. Control ballast through one of the following methods:

1) Adjustment of the “hot” line voltage input to the ballast.
2) Control of an additional line voltage lead input to the ballast.
3) Control of two separate low voltage (0-10V) control leads.

e. Compatible with wall dimmer controls.
f. Pre-approved ballasts:

1) Lutron “HI-Lume” series.
2) Prescolite “Intelect” series.
3) Advance “Mark X” series.

2.4 FLUORESCENT LAMPS

A. Manufacturers:
1. General Electric Co.
2. Phillips.
3. Osram Sylvania.
4. Substitutions: Not Permitted.

B. Product Description: 
1. Refer to the Drawings for details on the general color temperature of lamps.  All 

lamps in the building shall be of the same color unless noted otherwise.
2. Linear fluorescent T5 lamps in suspended indirect lighting fixtures shall be the 

color selected, either standard or high output as scheduled.
3. Nominal energy saving F32 lamps shall be T8 medium bi-pin, rapid start, with 

nominal lengths of 2, 3, or 4 foot as scheduled, capable of being operated with 
electronic ballasts.

4. Nominal energy saving F39, 2 ft. “biax” lamps shall be T5 with pin count to match 
lamp socket and ballast type (rapid start or instant start).

5. Refer to the drawings for requirements of compact fluorescent and biax lamps.  
Verify pin number on all compact fluorescent lamps.

6. All lamps containing mercury or other potentially toxic metals shall meet Current 
Federal EPA CLP standards to allow disposal of used lamps by standard means.

PART 3 EXECUTION

3.1 INSTALLATION

A. Install suspended luminaires using pendants supported from swivel hangers. Install 
pendant length required to suspend luminaire at indicated height.

B. Support luminaires larger than 2 x 4 foot size independent of ceiling framing.

C. Locate recessed ceiling luminaires as indicated on reflected ceiling plan.

D. Install surface mounted luminaires plumb and adjust to align with building lines and with 
each other. Secure to prevent movement.
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E. Install recessed luminaires to permit removal from below.

F. Install recessed luminaires using accessories and firestopping materials to meet 
regulatory requirements for fire rating.

G. Install clips to secure recessed grid-supported luminaires in place.

H. Install wall-mounted luminaires at height as indicated on Drawings or as scheduled.

I. Install accessories furnished with each luminaire.

J. Connect luminaires to branch circuit outlets provided under Section 16130 using flexible 
conduit.

K. Make wiring connections to branch circuit using building wire with insulation suitable for 
temperature conditions within luminaire.

L. Install specified lamps in each luminaire.

M. Ground and bond interior luminaires in accordance with Section 16060.

3.2 FIELD QUALITY CONTROL

A. Operate each luminaire after installation and connection. Inspect for proper connection 
and operation.

3.3 ADJUSTING

A. Aim and adjust luminaires as indicated on Drawings.

3.4 CLEANING

A. Section 01700 – Contract Closeout: Final cleaning.

B. Remove dirt and debris from enclosures.

C. Clean photometric control surfaces as recommended by manufacturer.

D. Clean finishes and touch up damage.

3.5 PROTECTION OF FINISHED WORK

A. Section 01700 - Contract Closeout: Protecting finished work.

B. Relamp luminaires having failed lamps at Substantial Completion.

END OF SECTION
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SECTION 16520

EXTERIOR LUMINAIRES

PART 1 GENERAL

1.1 SUMMARY

A. Section includes exterior luminaries and accessories.

1.2 REFERENCES

A. American National Standards Institute:
1. ANSI C82.1 - American National Standard for Lamp Ballast-Line Frequency 

Fluorescent Lamp Ballast.
2. ANSI C82.4 - American National Standard for Ballasts-for High-Intensity-

Discharge and Low-Pressure Sodium Lamps (Multiple-Supply Type).

1.3 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Shop Drawings: Indicate dimensions and components for each luminaire not standard 
Product of manufacturer.

C. Product Data: Submit dimensions, ratings, and performance data.

1.4 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Section 01600 – Materials and Equipment: Product storage and handling requirements.

1.6 COORDINATION

A. Section 01600 – Construction Facilities and Temporary Controls: Coordination and 
project conditions.

1.7 WARRANTY

A. Magnetic type ballast warranted for proper operation for at least 2 years from the date of 
acceptance of the project by the Owner.

1.8 MAINTENANCE MATERIALS

A. Section 01700 – Contract Closeout: Spare parts and maintenance products.

B. Furnish two of each lamp installed.

C. Furnish two ballasts of each lamp type installed.

PART 2 PRODUCTS

2.1 LUMINARIES

A. Product Description: Complete exterior luminaire assemblies, with features, options, and 
accessories as scheduled.

B. Refer to Section 01600 – Materials and Equipment for product options. Substitutions are 
not permitted.
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2.2 HIGH INTENSITY DISCHARGE (HID) BALLASTS

A. Manufacturers:
1. Advance Transformer Co.
2. Valmont.
3. GE/Magnetek.
4. Substitutions: Not Permitted.

B. Product Description: 
1. ANSI C82.4, mercury vapor metal halide suitable for lamp and environmental 

conditions specified, with voltage to match luminaire voltage.
2. Isolated for vibration.
3. Not to exceed 90 degrees F operating temperature.
4. Suitable for 0 degrees F operating temperature.

2.3 HID LAMPS

A. Manufacturers:
1. General Electric Co.
2. Philips Electronic North America.
3. Osram Sylvania.
4. Venture Lighting.
5. Substitutions: Not Permitted.

2.4 LIGHTING FIXTURES

A. Connect fixture ballast to correct voltage tap.  Install “wire nuts” or other suitable 
protection for any unused leads on multi-tap HID ballasts.

B. Wall Mounted fixtures:
1. Provide cast junction boxes for surface mounted fixtures.
2. Provide gaskets for recessed junction boxes.
3. Boxes shall be approved for either damp or wet location installation (as required).

C. Fuses:
1. Install in the following locations:

a. For “wall-pack” type fixtures where schedules on the Drawings to be 
provided with fuses.

2. Coordinate fuse and fuseholder installation in “wall-pack” fixtures to assure that 
fuses are provided by either the Contractor of the fixture manufacturer.

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify foundations are ready to receive fixtures.

3.2 INSTALLATION

A. Install lamps in each luminaire.

B. Bond and ground luminaries and metal accessories in accordance with Section 16060.

3.3 FIELD QUALITY CONTROL

A. Operate each luminaire after installation and connection. Inspect for improper 
connections and operation.

B. Measure illumination levels to verify conformance with performance requirements.
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C. Take measurements during night sky, without moon or with heavy overcast clouds 
effectively obscuring moon.

3.4 ADJUSTING

A. Section 16950 – Electrical System Testing: Testing, adjusting, and balancing.

B. Aim and adjust luminaries to provide illumination levels and distribution as indicated on 
Drawings.

3.5 CLEANING

A. Section 01700 - Contract Closeout: Final cleaning.

B. Clean photometric control surfaces as recommended by manufacturer.

C. Clean finishes and touch up damage.

3.6 PROTECTION OF FINISHED WORK

A. Section 01700 - Contract Closeout: Protecting finished work.

B. Relamp luminaries having failed lamps at Substantial Completion.

END OF SECTION
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SECTION 16530

EMERGENCY LIGHTING

PART 1 GENERAL

1.1 SUMMARY

A. Section includes emergency lighting units and exit signs.

B. Related Sections:

C. Section 16510 - Interior Luminaires: Exit signs.

1.2 REFERENCES

A. National Electrical Manufacturers Association:
1. NEMA WD 6 - Wiring Devices-Dimensional Requirements.

1.3 SUBMITTALS

A. Section 01330 - Submittal Procedures: Submittal procedures.

B. Product Data: Submit dimensions, ratings, and performance data.

1.4 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section 
with minimum three years experience.

PART 2 PRODUCTS

2.1 EXIT SIGNS

A. Manufacturers:
1. Lithonia.
2. McPhilben.
3. Sure-Lites.
4. Dual-Lite.
5. Substitutions: Not Permitted.

B. Product Description: Exit sign fixture suitable for use as emergency lighting unit.

C. Housing: Die-cast aluminum.

D. Face: Aluminum face with red letters on a white background

E. Directional Arrows: As indicated on Drawings. Universal type for field adjustment.

F. Mounting: As indicated on Drawings. Wall, Ceiling or Pendant. Universal for field 
selection.

G. Battery: 12 volt, nickel-cadmium lead calcium type, with 1.5 hour capacity.

H. Battery Charger: Dual-rate type, with sufficient capacity to recharge discharged battery 
to full charge within twelve hours.

I. Lamps: LED standard.

J. Input Voltage: 120 volts.
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2.2 FLUORESCENT LAMP EMERGENCY POWER SUPPLY

A. General requirements:
1. Produce published rated light output for a minimum of 90 minutes.
2. Compatible with fixture lamps.
3. Automatically switch to emergency battery powered mode on loss of normal AC 

power, and switch from battery powered mode to normal AC power once AC 
power is restored.

4. Automatically revert to battery charging mode after AC power is restored.
5. Utilize high temperature nickel-cadmium sealed no maintenance battery.
6. Additional features:

a. Complete with visible LED charging indicator.
b. Complete with visible test switch for manual testing in emergency mode.

7. Warranted for proper operation for at least 2 years from the data of 
acceptance of the project by the Owner.

B. Location:
1. Locate in fixture ballast wireway for strips and troffers.
2. Locate on fixture mounting pan or in ceiling adjacent to fixture for downlights.

C. T8 fluorescent lamp emergency ballasts:

1. Standard size case ballasts:
a. Equal to Bodine B50
b. Capable of producing a total lumen output of not less than 1,100 lumens 

from either one or two nominal 4 ft. or 8 ft. fluorescent T8 lamps.
c. Connected in series for 2 lamp operation (one-half of total light output 

from each lamp).
d. Complete with 5 year warranty.

2. Low profile size case ballasts:
a. Equal to Bodine LP600
b. Capable of producing a total lumen output of no less than 1,323 lumens 

from either one or two nominal 4 ft. fluorescent T8 or T5 lamps.
c. Connected in series for 2 lamp operation (one half of total light output 

from each lamp).
d. Complete with 5 year warranty.
e. Used for indirect lighting fixtures or any other type requiring a smaller 

than normal ballast channel.

D. Quad or triple tube fluorescent ballasts:
1. Bodine B84C, B426, B94C, B463, B413, or equal as required to produce the 

following lumen output:
a. Minimum of 1000 lumens from a 42W triple tube lamp.
b. Minimum of 950 lumens from a 26W or 32W 4 pin lamp.
c. Complete with 2 year warranty.

2. Provide damp label emergency ballasts where fluorescent emergency fixtures 
are located in exterior soffits.

PART 3 EXECUTION

3.1 INSTALLATION

A. Exit signs:
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1. Exit signs shall generally be ceiling or wall mounted as indicated on the Drawings 
and Fixture Schedule or as required by the mounting surfaces and wall 
treatments.

2. The Contractor is responsible for verifying door schedules and room finishes to 
insure proper clearances from obstructions such as door openings.

B. Emergency ballasted fixtures:
1. Fluorescent troffers, wraps, and similar fixtures:

a. Factory furnished and wired.
b. Charging indicator visible through fixture lens or mounted to side of 

fixture where viewable when the fixture is installed.
2. Compact fluorescent fixtures with field add-on emergency ballasts:

a. Field mount remote test switch/charging indicators in face of ceiling tile 
or other accessible location.

b. Emergency ballasts shall be accessible for future repair or servicing 
without removing portions of the ceiling.

c. Connect according to charger/ballast wiring diagram.

C. Connect exit and emergency fixtures to:
1. Unswitched lighting circuit from exit switch or panel lock-on circuit breaker(s), or 
2. Emergency powered panel branch circuit as noted on the Drawings.

D. Exit and emergency fixtures that are uncircuited on the Drawings shall be uniformly 
balanced between the available number of emergency/ exit lighting circuits.

E. Minimum conductor size for all exit circuits is #10AWG.

F. Contractor may elect to leave emergency fixtures with charger/ battery packs 
disconnected prior to the energization of the system to avoid complete discharge of the 
battery packs.  Connect all fixtures prior to final inspection.

3.2 FIELD QUALITY CONTROL

A. Section 16950 – Electrical Systems Testing: Testing, adjusting, and balancing.

B. Operate each unit after installation and connection. Inspect for proper connection and 
operation.

3.3 ADJUSTING

A. Section 16950 – Electrical Systems Testing: Testing, adjusting, and balancing.

B. Aim and adjust lamp fixtures as indicated on Drawings.

C. Position exit sign directional arrows as indicated on Drawings.

3.4 PROTECTION OF FINISHED WORK

A. Section 01700 – Contract Closeout: Protecting finished work.

B. Relamp emergency lighting units and exit signs having failed lamps at Substantial 
Completion.

END OF SECTION
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SECTION 16721

FIRE ALARM AND DETECTION SYSTEM

PART 1 GENERAL

1.1 SUMMARY

A. Furnish and install a conventional manual and automatic fire alarm system that is 
electrically supervised, non coded, NFPA Style 4, low voltage.

B. This section of the specification includes the furnishing, installation, connection and 
testing of the microprocessor controlled, intelligent reporting fire alarm equipment 
required to form a complete, operative, coordinated system. It shall include, but not be 
limited to, alarm initiating devices, alarm notification appliances, Fire Alarm Control Panel 
(FACP), auxiliary control devices, annunciators, and wiring as shown on the drawings 
and specified herein.

C. The fire alarm system shall comply with requirements of NFPA Standard 72 for Protected 
Premises Signaling Systems except as modified and supplemented by this specification. 
The system shall be electrically supervised and monitor the integrity of all conductors. 

D. The fire alarm system shall be manufactured by an ISO 9001 certified company and meet 
the requirements of BS EN9001: ANSI/ASQC Q9001-1994.

E. The FACP and peripheral devices shall be manufactured 100% by a single U.S. 
manufacturer (or division thereof).

F. The system and its components shall be Underwriters Laboratories, Inc. listed under the 
appropriate UL testing standard as listed herein for fire alarm applications and the 
installation shall be in compliance with the UL listing.

G. The installing company shall employ NICET (minimum Level IV Fire Alarm Technology) 
technicians on site to guide the final checkout and to ensure the systems integrity.

H. Related Sections:
1. Section 16123 - Building Wire and Cable.

1.2 QUALITY ASSURANCE

A. Contractor must be a firm normally engaged in fire alarm and detection work and shall be 
factory authorized by the manufacturer of the equipment offered to install and service that 
particular product line.

B. Contractor shall have a permanently staffed service office within a 60 mile radius of the 
project site.

C. Installation of the system shall be subject to the approval, inspection, and testing of all 
authorities having jurisdiction.

D. All components of the system, and their installation, shall conform to the approval 
requirements of the Underwriters Laboratories and the National Fire Protection 
Association. 

E. Upon completion of the installation of the fire alarm system, the Electrical Contractor shall 
provide to the Architect a signed written statement equal to the following:  “The 
undersigned, having been engaged as the Electrical Contractor on the New Addition and 
Renovation for Faith City Mission at Mission 2.0 Project, confirms that the fire alarm 
equipment was installed in accordance with the Specifications and also in accordance 
with wiring diagrams, instructions and/or directions provided to us by the manufacturer.”
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1.3 SCOPE

A. A new intelligent reporting, microprocessor controlled fire detection system shall be 
installed in accordance to the project specifications and drawings.

B. Basic Performance:
1. Alarm, trouble and supervisory signals from all intelligent reporting devices shall 

be encoded on NFPA Style 4 (Class B) Signaling Line Circuits (SLC).
2. Initiation Device Circuits (IDC) shall be wired Class A (NFPA Style D) as part of 

an addressable device connected by the SLC Circuit.
3. Notification Appliance Circuits (NAC) shall be wired Class B as part of an 

addressable device connected by the SLC Circuit.
4. On Style 6 or 7 (Class A) configurations a single ground fault or open circuit on 

the system Signaling Line Circuit shall not cause system malfunction, loss of 
operating power or the ability to report an alarm.

5. Alarm signals arriving at the FACP shall not be lost following a primary power 
failure (or outage) until the alarm signal is processed and recorded.

C. BASIC SYSTEM FUNCTIONAL OPERATION
1. When a fire alarm condition is detected and reported by one of the system 

initiating devices, the following functions shall immediately occur:
a. The system alarm LED on the system display shall flash.
b. A local piezo electric signal in the control panel shall sound.
c. A backlit LCD display shall indicate all information associated with the 

fire alarm condition, including the type of alarm point and its location 
within the protected premises.

d. Printing and history storage equipment shall log the information 
associated each new fire alarm control panel condition, along with time 
and date of occurrence.

e. All system output programs assigned via control-by-event interlock 
programming to be activated by the particular point in alarm shall be 
executed, and the associated system outputs (notification appliances 
and/or relays) shall be activated.

f. Activate UDACT for off premise monitoring.

1.4 SUBMITTALS

A. Section 01300 - Submittals: Submittal procedures.

B. Product Data: Submit catalog data showing electrical characteristics and connection 
requirements demonstrating compliance with these specifications.

C. Shop Drawings:
1. Sufficient information, clearly presented, shall be included to determine 

compliance with drawings and specifications.
2. Include manufacturer's name(s), model numbers, ratings, power requirements, 

equipment layout, device arrangement, complete wiring point-to-point diagrams, 
and conduit layouts.

3. Show annunciator layout, configurations, and terminations.

D. Manuals:
1. Submit simultaneously with the shop drawings, complete operating and 

maintenance manuals listing the manufacturer's name(s), including technical 
data sheets.

2. Wiring diagrams shall indicate internal wiring for each device and the 
interconnections between the items of equipment.

3. Provide a clear and concise description of operation that gives, in detail, the 
information required to properly operate the equipment and system.
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E. Software Modifications
1. Provide the services of a factory trained and authorized technician to perform all 

system software modifications, upgrades or changes.  Response time of the 
technician to the site shall not exceed 4 hours.

2. Provide all hardware, software, programming tools and documentation necessary 
to modify the fire alarm system on site. Modification includes addition and 
deletion of devices, circuits, zones and changes to system operation and custom 
label changes for devices or zones. The system structure and software shall 
place no limit on the type or extent of software modifications on-site. 

F. Certifications:
1. Together with the shop drawing submittal, submit a certification from the major 

equipment manufacturer indicating that the proposed supervisor of the 
installation and the proposed performer of contract maintenance is an authorized 
representative of the major equipment manufacturer. Include names and 
addresses in the certification.

1.5 CLOSEOUT SUBMITTALS

A. Section 01700 – Contract Closeout: Closeout procedures.

B. Project Record Documents: Record actual locations of each item of equipment, and show 
interconnecting wiring.

C. Operation and Maintenance Data: Submit operator instructions for each required mode of 
operation, routine troubleshooting procedures, and manufacturer's operation and 
maintenance manual for each item of equipment and accessory.

1.6 WARRANTY:
All work performed and all material and equipment furnished under this contract shall be free from 
defects and shall remain so for a period of at least one (1) year from the date of acceptance. The 
full cost of maintenance, labor and materials required to correct any defect during this one year 
period shall be included in the submittal bid.

1.7 POST CONTRACT MAINTENANCE:

A. Complete maintenance and repair service for the fire alarm system shall be available 
from a factory trained authorized representative of the manufacturer of the major 
equipment for a period of five (5) years after expiration of the guaranty.

B. As part of the bid/proposal, include a quote for a maintenance contract to provide all 
maintenance, tests, and repairs described below. Include also a quote for unscheduled 
maintenance/repairs, including hourly rates for technicians trained on this equipment, and 
response travel costs for each year of the maintenance period. Submittals that do not 
identify all post contract maintenance costs will not be accepted. Rates and costs shall be 
valid for the period of five (5) years after expiration of the guaranty.

C. Maintenance and testing shall be on a semiannual basis or as required by the AHJ. A 
preventive maintenance schedule shall be provided by the contractor describing the 
protocol for preventive maintenance. The schedule shall include:
1. Systematic examination, adjustment and cleaning of all detectors, manual fire 

alarm stations, control panels, power supplies, relays, waterflow switches and all 
accessories of the fire alarm system.

2. Each circuit in the fire alarm system shall be tested semiannually.
3. Each smoke detector shall be tested in accordance with the requirements of 

NFPA 72 Chapter 7.
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1.8 POST CONTRACT EXPANSIONS:

A. The contractor shall have the ability to provide parts and labor to expand the system 
specified, if so requested, for a period of five (5) years from the date of acceptance.

B. As part of the submittal, include a quotation for all parts and material, and all installation 
and test labor as needed to increase the number of intelligent or addressable devices by 
ten percent (10%). This quotation shall include intelligent smoke detectors, intelligent 
heat detectors, addressable manual stations, addressable monitor modules and 
addressable modules equal in number to one tenth of the number required to meet this 
specification (list actual quantity of each type).

C. The quotation shall include installation, test labor, and labor to reprogram the system for 
this 10% expansion. If additional FACP hardware is required, include the material and 
labor necessary to install this hardware.

D. Do not include cost of conduit or wire or the cost to install conduit or wire except for labor 
to make final connections at the FACP and at each intelligent addressable device. Do not 
include the cost of conventional peripherals or the cost of initiating devices or notification 
appliances connected to the addressable monitor/control modules.

E. Submittals that do not include this estimate of post contract expansion cost will not be 
accepted.

1.9 STANDARDS AND CODES

A. The fire alarm system, including both equipment and installation, shall comply with the 
following codes and standards:
1. NFPA 72.
2. NEC Article 760.
3. Applicable UL listings.

PART 2 PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Manufacturers:
1. Notifier.
2. Substitutions: As permitted by the Engineer.

2.2 CONTROL PANEL REQUIREMENTS

A. Main FACP or network node shall be a NOTIFIER Model NFS2-640 and shall contain a 
microprocessor based Central Processing Unit (CPU) and power supply in an economical 
space saving single board design. The CPU shall communicate with and control the 
following types of equipment used to make up the system: intelligent addressable smoke 
and thermal (heat) detectors, addressable modules, printer, annunciators, and other 
system controlled devices.

B. Operator Control
1. Acknowledge Switch:

a. Activation of the control panel acknowledge switch in response to new 
alarms and/or troubles shall silence the local panel piezo electric signal 
and change the alarm and trouble LEDs from flashing mode to steady-
ON mode. If multiple alarm or trouble conditions exist, depression of this 
switch shall advance the LCD display to the next alarm or trouble 
condition.

b. Depression of the Acknowledge switch shall also silence all remote 
annunciator piezo sounders.



16720 - 5

2. Alarm Silence Switch: 
a. Activation of the alarm silence switch shall cause all programmed alarm 

notification appliances and relays to return to the normal condition after 
an alarm condition. The selection of notification circuits and relays that 
are silenceable by this switch shall be fully field programmable within the 
confines of all applicable standards. The FACP software shall include 
silence inhibit and auto-silence timers.

3. Alarm Activate (Drill) Switch:
a. The Alarm Activate switch shall activate all notification appliance circuits. 

The drill function shall latch until the panel is silenced or reset.
4. System Reset Switch: 

a. Activation of the System Reset switch shall cause all electronically-
latched initiating devices, appliances or software zones, as well as all 
associated output devices and circuits, to return to their normal condition.

5. Lamp Test:
a. The Lamp Test switch shall activate all local system LEDs, light each 

segment of the liquid crystal display and display the panel software 
revision for service personal.

C. System Capacity and General Operation
1. The control panel or each network node shall provide, or be capable of 

expansion to 636 intelligent/addressable devices.
2. The control panel or each network node shall include Form-C alarm, trouble, 

supervisory, and security relays rated at a minimum of 2.0 amps @ 30 VDC.
3. It shall also include four Class B (NFPA Style Y) or Class A (NFPA Style Z) 

programmable Notification Appliance Circuits.
4. The Notification Appliance Circuits shall be programmable to Syncronize with 

System Sensor, Gentex and Wheelock Notification Appliances.
5. The system shall include a full featured operator interface control and 

annunciation panel that shall include a backlit Liquid Crystal Display (LCD), 
individual color coded system status LEDs, and an alphanumeric keypad with 
easy touch rubber keys for the field programming and control of the fire alarm 
system.

6. The system shall be programmable, configurable, and expandable in the field 
without the need for special tools, PROM programmers or PC based 
programmers. It shall not require replacement of memory ICs to facilitate 
programming changes.

7. The system shall allow the programming of any input to activate any output or 
group of outputs. Systems that have limited programming (such as general 
alarm), have complicated programming (such as a diode matrix), or require a 
laptop personal computer are not considered suitable substitutes. 

8. The FACP shall support up to 20 logic equations, including "and," "or," and "not," 
or time delay equations to be used for advanced programming.  Logic equations 
shall require the use of a PC with a software utility designed for programming.

9. The FACP or each network node shall provide the following features:
a. Drift compensation to extend detector accuracy over life. Drift 

compensation shall also include a smoothing feature, allowing transient 
noise signals to be filtered out.

b. Detector sensitivity test, meeting requirements of NFPA 72, Chapter 7.
c. Maintenance alert, with two levels (maintenance alert/maintenance 

urgent), to warn of excessive smoke detector dirt or dust accumulation.
d. Nine sensitivity levels for alarm, selected by detector. The alarm level 

range shall be .5 to 2.35 percent per foot for photoelectric detectors and 
0.5 to 2.5 percent per foot for ionization detectors.  The system shall also 
support sensitive advanced detection laser detectors with an alarm level 
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range of .03 percent per foot to 1.0 percent per foot.  The system shall 
also include up to nine levels of Prealarm, selected by detector, to 
indicate impending alarms to maintenance personnel.  

e. The ability to display or print system reports.
f. Alarm verification, with counters and a trouble indication to alert 

maintenance personnel when a detector enters verification 20 times.
g. PAS presignal, meeting NFPA 72 3-8.3 requirements.
h. Rapid manual station reporting (under 3 seconds) and shall meet NFPA 

72 Chapter 1 requirements for activation of notification circuits within 10 
seconds of initiating device activation.

i. Periodic detector test, conducted automatically by the software.
j. Self optimizing pre-alarm for advanced fire warning, which allows each 

detector to learn its particular environment and set its prealarm level to 
just above normal peaks.

k. Cross zoning with the capability of counting: two detectors in alarm, two 
software zones in alarm, or one smoke detector and one thermal 
detector.

l. Walk test, with a check for two detectors set to same address.
m. Control-by-time for non-fire operations, with holiday schedules.
n. Day/night automatic adjustment of detector sensitivity.
o. Device blink control for sleeping areas.

10. The FACP shall be capable of coding main panel node notification circuits in 
March Time (120 PPM), Temporal (NFPA 72 A-2-2.2.2), and California Code.  
Panel notification circuits (NAC 1,2,3 and 4) shall also support Two-Stage 
operation, Canadian Dual Stage (3 minutes) and Canadian Dual Stage (5 
minutes).  Two stage operation shall allow 20 Pulses Per Minute (PPM) on alarm 
and 120 PPM after 5 minutes or when a second device activates.  Canadian Dual 
stage is the same as Two-Stage except will only switch to second stage by 
activation of Drill Switch 3 or 5 minute timer.  The panel shall also provide a 
coding option that will synchronize specific strobe lights designed to accept a 
specific "sync pulse."

11. Network Communication
a. The FACP shall be capable of communicating on a Local Area Network 

(LAN), a firmware package that utilizes a peer-to-peer, inherently 
regenerative communication format and protocol.

D. Central Microprocessor
1. The microprocessor shall be a state-of-the-art, high speed, 16-bit RISC device 

and it shall communicate with, monitor and control all external interfaces. It shall 
include an EPROM for system program storage, Flash memory for building-
specific program storage, and a "watch dog" timer circuit to detect and report 
microprocessor failure.

2. The microprocessor shall contain and execute all control-by-event programs for 
specific action to be taken if an alarm condition is detected by the system. 
Control-by-event equations shall be held in non-volatile programmable memory, 
and shall not be lost even if system primary and secondary power failure occurs.

3. The microprocessor shall also provide a real-time clock for time annotation of 
system displays, printer, and history file. The time-of-day and date shall not be 
lost if system primary and secondary power supplies fail. The real time clock may 
also be used to control non-fire functions at programmed time-of-day, day-of-
week, and day-of-year.

4. A special program check function shall be provided to detect common operator 
errors.

5. An auto-program (self-learn) function shall be provided to quickly install initial 
functions and make the system operational.
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6. For flexibility and to ensure program validity, an optional Windows(TM) based 
program utility shall be available. This program shall be used to off-line program 
the system with batch upload/download, and have the ability to upgrade the 
manufacturers (FLASH) system code changes. This program shall also have a 
verification utility, which scans the program files, identifying possible errors. It 
shall also have the ability to compare old program files to new ones, identifying 
differences in the two files to allow complete testing of any system operating 
changes. This shall be in incompliance with the NFPA 72 requirements for testing 
after system modification.

E. System Display 
1. The system shall support the following display mode options:

a. The CPU with no display option shall allow the fire alarm control panel to 
function as a data-gathering panel when the panel is connected to a 
network with a Network Control Station (NCS) or Network Control 
Annunciator (NCA).  In this application, the NCS or NCA shall provide all 
of the necessary controls and indicators to be used by the system 
operator.  Programming of the CPU may be accomplished from the NCS 
or by use of a laptop PC with the software programming utility connected 
directly to the CPU.

b. 80 character display option.  The display shall include an 80-character 
backlit alphanumeric Liquid Crystal Display (LCD) and a full PC style 
QWERTY keypad.

c. 640-character display option.  The design of the CPU shall provide for a 
configuration with the 640 Character display mounted on the front of the 
CPU in place of the standard 80-character display.

2. The display shall provide all the controls and indicators used by the system 
operator:
a. The 80-character display shall include the following operator control 

switches: ACKNOWLEDGE, ALARM SILENCE, ALARM ACTIVATE 
(drill), SYSTEM RESET, and LAMP TEST.

b. The 640-character display shall include the following operator control 
switches: ACKNOWLEDGE, ALARM SILENCE, ALARM ACTIVATE 
(drill), SYSTEM RESET, and LAMP TEST.

3. The display shall annunciate status information and custom alphanumeric labels 
for all intelligent detectors, addressable modules, internal panel circuits, and 
software zones.

4. The display shall also provide Light-Emitting Diodes.
a. The 80-character display shall provide 12 Light-Emitting-Diodes (LEDs), 

that indicate the status of the following system parameters: AC POWER, 
FIRE ALARM, PREALARM WARNING, SECURITY ALARM, 
SUPERVISORY SIGNAL, SYSTEM TROUBLE, DISABLED POINTS, 
ALARM SILENCED, Controls Active, Pre-Discharge, Discharge and 
Abort.

5. The 640-character display shall provide 11 Light-Emitting-Diodes (LEDs), that 
indicate the status of the following system parameters: AC POWER, FIRE 
ALARM, PREALARM WARNING, SECURITY ALARM, SUPERVISORY EVENT, 
SYSTEM TROUBLE, ALARM SILENCED, DISABLED POINTS, OTHER 
EVENTS, CPU FAILURE and Controls Active.

6. The display shall have QWERTY type keypad.
a. The 80-character display keypad shall be an easy to use QWERTY type 

keypad, similar to a PC keyboard. This shall be part of the standard 
system and have the capability to command all system functions, entry of 
any alphabetic or numeric information, and field programming. Two 
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different password levels shall be provided to prevent unauthorized 
system control or programming.

b. The 640-character display shall use 10 "soft" keys for screen navigation 
or to accomplish dedicated programming functions.  Full programming 
access shall require use of a laptop and the proper programming utility.  

7. The system shall support the display of battery charging current and voltage on 
the 80-character LCD display.

F. Signaling Line Circuits (SLC)
1. Each FACP or FACP network node shall support up to two SLCs. Each SLC 

interface shall provide power to and communicate with up to 159 intelligent 
detectors (ionization, photoelectric or thermal) and 159 intelligent modules 
(monitor or control) for a loop capacity of 318 devices. The addition of the 
optional second loop shall double the device capacity, supporting a total of 636 
devices.  Each SLC shall be capable of NFPA 72 Style 4, Style 6, or Style 7 
(Class A or B) wiring.

2. CPU shall receive analog information from all intelligent detectors to be 
processed to determine whether normal, alarm, prealarm, or trouble conditions 
exist for each detector. The software shall automatically maintain the detector's 
desired sensitivity level by adjusting for the effects of environmental factors, 
including the accumulation of dust in each detector. The analog information shall 
also be used for automatic detector testing and for the automatic determination of 
detector maintenance requirements.

G. Serial Interfaces
1. The system shall include two serial EIA-232 interfaces. Each interface shall be a 

means of connecting UL Listed Information Technology Equipment (ITE) 
peripherals.
a. One EIA-232 interface shall be used to connect an UL-Listed 40 or 80 

column printer. Printers that are not UL-Listed are not considered 
acceptable substitutes.

b. One EIA-232 interface shall be used to connect an UL-Listed 40 or 80 
column printer. Printers that are not UL-Listed are not considered 
acceptable substitutes.

c. One EIA-232 interface shall be used to connect a UL-listed CRT 
terminal. This interface shall include special protocol methods that allow 
off-site monitoring of the FACP over standard dial-up phone lines. This 
ancillary capability shall allow remote readout of all status information, 
including analog values, and shall not interfere with or degrade FACP 
operations when used. It shall allow remote FACP Acknowledge, Reset, 
or Signal Silence in this mode. It shall also allow adjustment of detector 
sensitivity and readout of the history file.

d. The system shall include an EIA-485 port for the serial connection of 
optional annunciators and remote LCD displays.

e. The EIA-485 interface may be used for network connection to a 
proprietary-receiving unit.

H. Enclosures:
1. The control panel shall be housed in a UL-listed cabinet suitable for surface or 

semi-flush mounting. The cabinet and front shall be corrosion protected, given a 
rust-resistant prime coat, and manufacturer's standard finish.

2. The back box and door shall be constructed of 0.060 steel with provisions for 
electrical conduit connections into the sides and top. 

3. The door shall provide a key lock and shall include a glass or other transparent 
opening for viewing of all indicators. For convenience, the door may be site 
configured for either right or left hand hinging.
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I. Power Supply:
1. A high tech off-line switching power supply shall be available for the fire alarm 

control panel or network node and provide 6.0 amps of available power for the 
control panel and peripheral devices. 

2. Provisions will be made to allow the audio-visual power to be increased as 
required by adding modular expansion audio-visual power supplies. 

3. Positive-Temperature-Coefficient (PTC) thermistors, circuit breakers, or other 
over-current protection shall be provided on all power outputs. The power supply 
shall provide an integral battery charger for use with batteries up to 55 AH or may 
be used with an external battery and charger system. Battery arrangement may 
be configured in the field.

4. The power supply shall continuously monitor all field wires for earth ground 
conditions, and shall have the following LED indicators:
a. Ground Fault LED
b. AC Power Fail LED
c. NAC on LED (4)

5. The main power supply shall operate on 120 VAC, 60 Hz, and shall provide all 
necessary power for the FACP.

6. The main power supply shall provide a battery charger using dual-rate charging 
techniques for fast battery recharge and be capable of charging batteries up to 
200 AH.

7. All circuits shall be power-limited, per UL864 requirements.

J. Auxiliary Field Power Supply - Addressable
1. The auxiliary addressable power supply is a remote 24 VDC power supply used 

to power Notification Devices and field devices that require regulated 24VDC 
power. The power supply shall also include and charge backup batteries. 

2. The addressable power supply for the fire alarm system shall provide up a 
minimum of 6.0 amps of 24 volt DC regulated power for Notification Appliance 
Circuit (NAC) power or 5 amps of 24 volt DC general power. The power supply 
shall have an additional .5 amp of 24 VDC auxiliary power for use within the 
same cabinet as the power supply. It shall include an integral charger designed 
to charge 7.0 - 25.0 amp hour batteries.

3. The addressable power supply shall provide four individually addressable 
Notification Appliance Circuits that may be configured as two Class "A" and two 
Class "B" or four Class "B" only circuits. All circuits shall be power-limited per UL 
864 requirements.

4. The addressable power supply shall provide built-in synchronization for certain 
Notification Appliances on each circuit without the need for additional 
synchronization modules. The power supply's output circuits shall be individually 
selected for synchronization. A single addressable power supply shall be capable 
of supporting both synchronized and non-synchronized Notification Devices at 
the same time.   

5. The addressable power supply shall operate on 120 or 240 VAC, 50/60 Hz. 
6. The interface to the power supply from the Fire Alarm Control Panel (FACP) shall 

be via the Signaling Line Circuit (SLC) or other multiplexed means Power 
supplies that do not use an intelligent interface are not suitable substitutes.  The 
required wiring from the FACP to the addressable power supply shall be a single 
unshielded twisted pair wire. Data on the SLC shall be transmitted between 24 
VDC, 5 VDC and 0 VDC at approximately 3.33k baud. 

7. The addressable power supply shall supervise for battery charging failure, AC 
power loss, power brownout, battery failure, NAC loss, and optional ground fault 
detection. In the event of a trouble condition, the addressable power supply shall 
report the incident and the applicable address to the FACP via the SLC. 
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8. The addressable power supply shall have an AC Power Loss Delay option. If this 
option is utilized and the addressable power supply experiences an AC power 
loss, reporting of the incident to the FACP will be delayed.  A delay time of eight 
or sixteen hours shall be Dip-switch selected. 

9. The addressable power supply shall have an option for Canadian Trouble 
Reporting and this option shall be Dip-switch selectable. 

10. The addressable power supply mounts in either the FACP backbox or it's own 
dedicated surface mounted backbox with cover.

11. Each of the power supply's four output circuits shall be DIP-switch selected for 
Notification Appliance Circuit or General Purpose 24 VDC power. Any output 
circuit shall be able to provide up to 2.5 amps of 24 VDC power.

12. The addressable power supply's output circuits shall be individually supervised 
when they are selected to be either a Notification Appliance Circuit when wired 
Class "A" or by the use of and end-of-line resistor. When the power supply's 
output circuit is selected as General 24VDC power, the circuit shall be 
individually supervised when an end-of-line relay is used.

13. When selected for Notification Appliance Circuits, the output circuits shall be 
individually DIP-switch selectable for Steady, March Time, Dual Stage or 
Temporal. 

14. When selected as a Notification Appliance Circuit, the output circuits of the 
addressable power supply shall have the option to be coded by the use of a 
universal zone coder.

15. The addressable power supply shall interface and synchronize with other power 
supplies of the same type. The required wiring to interface multiple addressable 
power supplies shall be a single unshielded, twisted pair wire. 

16. An individual or multiple interfaced addressable power supplies shall have the 
option to use an external charger for battery charging. Interfaced power supplies 
shall have the option to share backup battery power.

K. Field Charging Power Supply (FCPS)
The FCPS is a device designed for use as either a remote 24 volt power supply or used 
to power Notification Appliances.
1. The FCPS shall offer up to 6.0 amps (4.0 amps continuous) of regulated 24 volt 

power. It shall include an integral charger designed to charge 7.0 amp hour 
batteries and to support 60 hour standby.

2. The Field Charging Power Supply shall have two input triggers. The input trigger 
shall be a Notification Appliance Circuit (from the fire alarm control panel) or a 
relay. Four outputs (two Style Y or Z and two style Y) shall be available for 
connection to the Notification devices.

3. The FCPS shall include an attractive surface mount backbox.
4. The Field Charging Power Supply shall include the ability to delay the AC fail 

delay per NFPA requirements.
5. The FCPS include power limited circuitry, per 1995 UL standards.

L. Specific System Operations
1. Smoke Detector Sensitivity Adjust:  A means shall be provided for adjusting the 

sensitivity of any or all addressable intelligent detectors in the system from the 
system keypad. Sensitivity range shall be within the allowed UL window and 
have a minimum of 9 levels.

2. Alarm Verification: Each of the intelligent addressable smoke detectors in the 
system may be independently selected and enabled to be an alarm verified 
detector. The alarm verification delay shall be programmable from 5 to 30 
seconds and each detector shall be able to be selected for verification. The 
FACP shall keep a count of the number of times that each detector has entered 
the verification cycle. These counters may be displayed and reset by the proper 
operator commands.
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3. Point Disable: Any addressable device or conventional circuit in the system may 
be enabled or disabled through the system keypad.

4. Point Read: The system shall be able to display or print the following point status 
diagnostic functions:
a. Device status
b. Device type
c. Custom device label
d. View analog detector values
e. Device zone assignments
f. All program parameters

5. System Status Reports: Upon command from an operator of the system, a status 
report will be generated and printed, listing all system status.

6. System History Recording and Reporting: The fire alarm control panel shall 
contain a history buffer that will be capable of storing up to 800 events. Up to 200 
events shall be dedicated to alarm and the remaining events are general 
purpose. Systems that do not have dedicated alarm storage, where events are 
overridden by non-alarm type events, are not suitable substitutes.  Each of these 
activations will be stored and time and date stamped with the actual time of the 
activation. The contents of the history buffer may be manually reviewed, one 
event at a time, or printed in its entirety.  The history buffer shall use non-volatile 
memory. Systems that use volatile memory for history storage are not acceptable 
substitutes.

7. Automatic Detector Maintenance Alert: The fire alarm control panel shall 
automatically interrogate each intelligent detector and shall analyze the detector 
responses over a period of time. If any intelligent detector in the system responds 
with a reading that is above or below normal limits, then the system will enter the 
trouble mode, and the particular detector will be annunciated on the system 
display, and printed on the optional printer. This feature shall in no way inhibit the 
receipt of alarm conditions in the system, nor shall it require any special 
hardware, special tools or computer expertise to perform.

8. Pre-Alarm Function: The system shall provide two levels of pre-alarm warning to 
give advance notice of a possible fire situation. Both pre-alarm levels shall be 
fully field adjustable. The first level shall give an audible indication at the panel. 
The second level shall give an audible indication and may also activate control 
relays. The system shall also have the ability to activate local detector sounder 
bases at the pre-alarm level, to assist in avoiding nuisance alarms.

9. Software Zones: The FACP shall provide 100 software zones, 10 additional 
special function zones, 10 releasing zones, and 20 logic zones. 

10. The fire alarm control panel shall include a walk test feature. It shall include the 
ability to test initiating device circuits and notification appliance circuits from the 
field without returning to the panel to reset the system. Operation shall be as 
follows:
a. Alarming an initiating device shall activate programmed outputs, which 

are selected to participate in walk test, for 3 seconds.
b. Introducing a trouble into the initiating device shall activate the 

programmed outputs for 8 seconds.
c. All devices tested in walk test shall be recorded in the history buffer.

11. Waterflow Operation
An alarm from a waterflow detection device shall activate the appropriate alarm 
message on the main panel display, turn on all programmed notification 
appliance circuits and shall not be affected by the signal silence switch.

12. Supervisory Operation
An alarm from a supervisory device shall cause the appropriate indication on the 
system display, light a common supervisory LED, but will not cause the system to 
enter the trouble mode.
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13. Signal Silence Operation
The FACP shall have the ability to program each output circuit (notification, relay, 
speaker etc) to deactivate upon depression of the signal silence switch.

14. Non-Alarm Input Operation
Any addressable initiating device in the system may be used as a non-alarm 
input to monitor normally open contact type devices. Non-alarm functions are a 
lower priority than fire alarm initiating devices.

15. Combo Zone
A special type code shall be available to allow waterflow and supervisory devices 
to share a common addressable module.  Waterflow devices shall be wired in 
parallel, supervisory devices in series.

2.3 ADDRESSABLE DEVICES - GENERAL

A. Requirements:
1. Addressable devices shall use simple to install and maintain decade, decimal 

address switches.  Devices shall be capable of being set to an address in a 
range of 001 to 159.

2. Addressable devices, which use a binary-coded address setting method, such as 
a DIP-switch, are not an allowable substitute.

3. Addressable devices which require special equipment to address are not an 
allowable substitute.

4. Detectors shall be intelligent (analog) and addressable, and shall connect with 
two wires to the fire alarm control panel Signaling Line Circuits.

5. Addressable smoke and thermal detectors shall provide dual alarm and 
power/polling LEDs. Both LEDs shall flash green under normal conditions, 
indicating that the detector is operational and in regular communication with the 
control panel, and both LEDs shall be placed into steady red illumination by t6he 
control panel, indicating that an alarm condition has been detected. If required, 
the LED flash shall have the ability to be removed from the system program. An 
output connection shall also be provided in the base to connect an external 
remote alarm LED.

6. The fire alarm control panel shall permit detector sensitivity adjustment through 
field programming of the system. The panel on a time-of-day basis shall 
automatically adjust sensitivity.

7. Using software in the FACP, detectors shall automatically compensate for dust 
accumulation and other slow environmental changes that may affect their 
performance. The detectors shall be listed by UL as meeting the calibrated 
sensitivity test requirements of NFPA Standard 72, Chapter 7.

8. The detectors shall be ceiling-mount and shall include a separate twist-lock base 
with tamper proof feature. Bases shall include a sounder base with a built-in 
(local) sounder rated at 85 DBA minimum, a relay base and an isolator base 
designed for Style 7 applications.  

9. The detectors shall provide a test means whereby they will simulate an alarm 
condition and report that condition to the control panel. Such a test may be 
initiated at the detector itself (by activating a magnetic switch) or initiated 
remotely on command from the control panel.

10. Detectors shall also store an internal identifying type code that the control panel 
shall use to identify the type of device (ION, PHOTO, THERMAL).

11. Detectors will operate in an analog fashion, where the detector simply measures 
its designed environment variable and transmits an analog value to the FACP 
based on real-time measured values. The FACP software, not the detector, shall 
make the alarm/normal decision, thereby allowing the sensitivity of each detector 
to be set in the FACP program and allowing the system operator to view the 
current analog value of each detector.
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12. Addressable devices shall store an internal identifying code that the control panel 
shall use to identify the type of device. 

13. A magnetic test switch shall be provided to test detectors and modules. 
Detectors shall report an indication of an analog value reaching 100% of the 
alarm threshold.

14. Addressable modules shall mount in a 4-inch square (101.6 mm square), 2-1/8 
inch (54 mm) deep electrical box.  An optional surface mount Lexan enclosure 
shall be available.

2.4 AUXILIARY CONTROL AND MONITORING MODULES:

A. Requirements:
1. Addressable monitor modules shall be provided to connect one supervised IDC 

zone of conventional alarm initiating devices (any N.O. dry contact device) to one 
of the fire alarm control panel SLCs.

2. The IDC zone shall be suitable for Style D or Style B operation. An LED shall be 
provided that shall flash under normal conditions, indicating that the monitor 
module is operational and in regular communication with the control panel.

3. For difficult to reach areas, the monitor module shall be available in a miniature 
package and shall be no larger than 2-3/4 inch (70 mm) x 1-1/4 inch (31.7 mm) x 
1/2 inch (12.7 mm). This version need not include Style D or an LED.

4. The Addressable Dry Contact Monitor Module shall be a FMM-1

2.5 MANUAL PULL STATIONS:

A. Manual Fire Alarm Stations 
1. Manual fire alarm stations shall be non-code, non-breakglass type, equipped with 

key lock so that they may be tested without operating the handle. 
2. Stations must be designed such that after an actual activation, they cannot be 

restored to normal except by key reset. 
3. An operated station shall automatically condition itself so as to be visually 

detected, as operated, at a minimum distance of 100 feet (30.5 m) front or side.
4. Manual stations shall be constructed of high impact Lexan, with operating 

instructions provided on the cover. The word FIRE shall appear on the manual 
station in letters one half inch (12.7 mm) in size or larger.

5. Addressable manual fire alarm boxes shall, on command from the control panel, 
send data to the panel representing the state of the manual switch and the 
addressable communication module status. They shall use a key operated test-
reset lock, and shall be designed so that after actual emergency operation, they 
cannot be restored to normal use except by the use of a key.

6. The Addressable Manual Fire Alarm Box shall be a NBG-12lX

2.6 CONVENTIONAL PHOTOELECTRIC AREA SMOKE DETECTORS:

A. Requirements:
1. Photoelectric smoke detectors shall be a 24 VDC, two wire, ceiling-mounted, light 

scattering type using an LED light source. 
2. Each detector shall contain a remote LED output and a built-in test switch. 
3. Detector shall be provided on a twist-lock base.
4. It shall be possible to perform a calibrated sensitivity and performance test on the 

detector without the need for the generation of smoke.  The test method shall test 
all detector circuits.

5. A visual indication of an alarm shall be provided by dual latching Light Emitting 
Diodes (LEDs), on the detector, which may be seen from ground level over 360 
degrees. These LEDs shall flash at least every 10 seconds, indicating that power 
is applied to the detector.  
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6. The detector shall not go into alarm when exposed to air velocities of up to 3000 
feet (914.4 m) per minute.

7. The detector screen and cover assembly shall be easily removable for field 
cleaning of the detector chamber.

8. All field wire connections shall be made to the base through the use of a 
clamping plate and screw.

9. The Intelligent Photoelectric Smoke Detector shall be a FSP-851

2.7 CONVENTIONAL IONIZATION TYPE AREA SMOKE DETECTORS:

A. Requirements:
1. Ionization type smoke detectors shall be a two wire, 24 VDC type using a dual 

unipolar chamber. 
2. Each detector shall contain a remote LED output and a built-in test switch. 
3. Detector shall be provided on a twist-lock base. 
4. It shall be possible to perform a calibration sensitivity and performance test on 

the detector without the need for the generation of smoke.
5. A visual indication of an alarm shall be provided by dual latching Light Emitting 

Diodes (LEDs) over 360 degrees, on the detector, which may be seen from 
ground level. This LED shall flash every 10 seconds, indicating that power is 
applied to the detector.

6. The detector shall not alarm when exposed to air velocities of up to 1,200 feet 
(365.76 m) per minute. The detector screen and cover assembly shall be easily 
removable for field cleaning of the detector chamber.

7. All field wire connections shall be made to the base through the use of a 
clamping plate and screw.

8. The Intelligent Ionization Smoke Detector shall be a FSI-851

2.8 AUTOMATIC CONVENTIONAL HEAT DETECTORS:

A. Requirements:
1. Automatic heat detectors shall have a combination rate of rise and fixed 

temperature rated at 135 degrees Fahrenheit (57.2 Celsius) for areas where 
ambient temperatures do not exceed 100 degrees (37.7 Celsius), and 200 
degrees (93.33 Celsius) for areas where the temperature does not exceed 150 
degrees (65.5 Celsius).

2. Automatic heat detectors shall be a low profile, ceiling mount type with positive 
indication of activation. 

3. The rate of rise element shall consist of an air chamber, a flexible metal 
diaphragm, and a factory calibrated, moisture-proof, trouble free vent, and shall 
operate when the rate of temperature rise exceeds 15 degrees F (9.4 degrees C) 
per minute. 

4. The fixed temperature element shall consist of a fusible alloy retainer and 
actuator shaft. 

5. Automatic heat detectors shall have a smooth ceiling rating of 2500 square feet 
(762 square meters).

6. The Intelligent Thermal Detectors shall be a FST-851

2.9 LOW FREQUENCY SOUNDER BASE

A. Requirements:
1. The low frequency sounder base appliance shall be model B200S-LF.
2. he low frequency sounder base shall be listed to UL 268 and UL 464.
3. The low frequency sounder shall have an option to switch between a temporal 

three-pattern, temporal four-pattern, non-temporal (continuous) or march time 
pattern.

4. The low frequency sounder base shall offer two volume levels.
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5. The alarm current shall not exceed 140 mA at 16 VDC.
6. The low frequency sounder base shall operate between 10% and 93% relative 

humidity.
7. The appliance shall mount to a standard 4 × 4 × 1½-inch back box, 4- inch 

octagon back box,3 ½ - inch octagon back box, double-gang back box or single-
gang back box. A pre-wire mounting plate shall be used for mounting products.

8. The wiring shall terminate at the pre-wire mounting plate.
9. The low frequency sounder base shall have the ability to synchronize with 

notification devices without the use of added accessories.
10. A manual locking feature shall be available to prevent removal of the attached 

sensor head.

2.10 WATERFLOW INDICATOR:

A. Requirements:
1. Waterflow Switches shall be an integral, mechanical, non-coded, non-

accumulative retard type.
2. Waterflow Switches shall have an alarm transmission delay time which is 

conveniently adjustable from 0 to 60 seconds. Initial settings shall be 30-45 
seconds.

3. All waterflow switches shall come from a single manufacturer and series.
4. Waterflow switches shall be provided and connected under this section but 

installed by the mechanical contractor.
5. Where possible, locate waterflow switches a minimum of one (1) foot from a 

fitting which changes the direction of the flow and a minimum of three (3) feet 
from a valve.

2.11 SPRINKLER AND STANDPIPE VALVE SUPERVISORY SWITCHES:

A. Requirements:
1. Each sprinkler system water supply control valve riser, zone control valve, and 

standpipe system riser control valve shall be equipped with a supervisory switch. 
Standpipe hose valves, and test and drain valves shall not be equipped with 
supervisory switches.

2. PIV (post indicator valve) or main gate valves shall be equipped with a 
supervisory switch.

3. The switch shall be mounted so as not to interfere with the normal operation of 
the valve and adjusted to operate within two revolutions toward the closed 
position of the valve control, or when the stem has moved no more than one-fifth 
of the distance from its normal position.

4. The supervisory switch shall be contained in a weatherproof aluminum housing, 
which shall provide a 3/4 inch (19 mm) conduit entrance and incorporate the 
necessary facilities for attachment to the valves.

5. The switch housing shall be finished in red baked enamel.
6. The entire installed assembly shall be tamper proof and arranged to cause a 

switch operation if the housing cover is removed, or if the unit is removed from its 
mounting.

7. Valve supervisory switches shall be provided and connected under this section 
and installed by mechanical contractor.
a. This unit shall provide for each zone: alarm indications, using a red alarm 

an yellow trouble long-life LEDs and control switches for the control of 
fire alarm control panel functions. The annunciator will also have an ON-
LINE LED, local piezo electric signal, local acknowledge/lamp test 
switch, and custom slide-in zone/function identification labels.

b. Switches shall be available for remote annunciation and control of output 
points in the system, system acknowledge, telephone zone select, 
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speaker select, global signal silence, and global system reset within the 
confines of all applicable standards.

2.12 TWO WIRE DETECTOR MONITOR MODULE:

A. Requirements:
1. Addressable monitor modules shall be provided to connect one supervised IDC 

zone of conventional 2-wire smoke detectors or alarm initiating devices (any N.O. 
dry contact device).

2. The IDC zone may be wired for Class A or B (Style D or Style B) operation. An 
LED shall be provided that shall flash under normal conditions, indicating that the 
monitor module is operational and in regular communication with the control 
panel.

3. The Two Wire Detector Monitor Module shall be a FZM-1.

2.13 ADDRESSABLE CONTROL MODULE:

A. Requirements:
1. Addressable control modules shall be provided to supervise and control the 

operation of one conventional NACs of compatible, 24 VDC powered, polarized 
audio/visual notification appliances. 

2. The control module NAC may be wired for Style Z or Style Y (Class A/B) with up 
to 1 amp of inductive A/V signal, or 2 amps of resistive A/V signal operation. 

3. Audio/visual power shall be provided by a separate supervised power circuit from 
the main fire alarm control panel or from a supervised UL listed remote power 
supply.

4. The control module shall be suitable for pilot duty applications and rated for a 
minimum of 0.6 amps at 30 VDC.

5. The Addressable Control Module shall be a FCM-1.

2.14 ADDRESSABLE RELAY MODULE:

A. Requirements:
1. Addressable Relay Modules shall be available for HVAC control and other 

building functions.  The relay shall be form C and rated for a minimum of 2.0 
Amps resistive or 1.0 Amps inductive.  The relay coil shall be magnetically 
latched to reduce wiring connection requirements, and to insure that 100% of all 
auxiliary relay or NACs may be energized at the same time on the same pair of 
wires.

2. The Addressable Relay Module shall be a FRM-1.

2.15 ISOLATOR MODULE:

A. Requirements:
1. Isolator modules shall be provided to automatically isolate wire-to-wire short 

circuits on an SLC Class A or Class B branch. The isolator module shall limit the 
number of modules or detectors that may be rendered inoperative by a short 
circuit fault on the SLC loop segment or branch. At least one isolator module 
shall be provided for each floor or protected zone of the building.

2. If a wire-to-wire short occurs, the isolator module shall automatically open-circuit 
(disconnect) the SLC. When the short circuit condition is corrected, the isolator 
module shall automatically reconnect the isolated section.

3. The isolator module shall not require address-setting, and its operations shall be 
totally automatic. It shall not be necessary to replace or reset an isolator module 
after its normal operation.

4. The isolator module shall provide a single LED that shall flash to indicate that the 
isolator is operational and shall illuminate steadily to indicate that a short circuit 
condition has been detected and isolated.
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5. The  Isolator Module shall be an ISO-X.

2.16 EXTERIOR HORN:

A. Requirements:
1. Minimum 90 dB horn output.
2. Weatherproof box, surface mounted.
3. Grille cover front.
4. Fire red enamel finish.

B. Equal to Notifier MBG-FR/WPBB.

2.17 ALPHANUMERIC LCD TYPE ANNUNCIATOR:  

A. Requirements:
1. The alphanumeric display annunciator shall be a supervised, remotely located 

back-lit LCD display containing a minimum of eighty (80) characters for alarm 
annunciation in clear English text.

2. The LCD annunciator shall display all alarm and trouble conditions in the system.  
3. An audible indication of alarm shall be integral to the alphanumeric display.
4. The display shall be UL listed for fire alarm application.
5. It shall be possible to connect up to 32 LCD displays and be capable of wiring 

distances up to 6,000 feet from the control panel.
6. The annunciator shall connect to a separate, dedicated "terminal mode" EIA-485 

interface. This is a two-wire loop connection and shall be capable of distances to 
6,000 feet. Each terminal mode LCD display shall mimic the main control panel. 

7. The system shall allow a minimum of 32 terminal mode LCD annunciators. Up to 
10 LCD annunciators shall be capable of the following system functions: 
Acknowledge, Signal Silence and Reset, which shall be protected from 
unauthorized use by a keyswitch or password.

8. The LED annunciator shall offer an interface to a graphic style annunciator and 
provide each of the features listed above.

2.18 UNIVERSAL DIGITAL ALARM COMMUNICATOR TRANSMITTER (UDACT):
The UDACT is an interface for communicating digital information between a fire alarm 
control panel and an UL-Listed central station.
1. The UDACT shall be compact in size, mounting in a standard module position of 

the fire alarm control cabinet. Optionally, the UDACT shall have the ability for 
remote mounting, up to 6,000 feet from the fire alarm control panel. The wire 
connections between the UDACT and the control panel shall be supervised with 
one pair for power and one pair for multiplexed communication of overall system 
status.  Systems that utilize relay contact closures are not acceptable.

2. The UDACT shall include connections for dual telephone lines (with voltage 
detect), per UL/NFPA/FCC requirements. It shall include the ability for split 
reporting of panel events up to three different telephone numbers.

3. The UDACT shall be completely field programmable from a built-in keypad and 4 
character red, seven segment display.

4. The UDACT shall be capable of transmitting events in at least 15 different 
formats. This ensures compatibility with existing and future transmission formats.

5. Communication shall include vital system status such as:
- Independent Zone (Alarm, trouble, non-alarm, supervisory)

- Independent Addressable Device Status

- AC (Mains) Power Loss

- Low Battery and Earth Fault

- System Off Normal

- 12 and 24 Hour Test Signal

- Abnormal Test Signal (per UL requirements)
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- EIA-485 Communications Failure

- Phone Line Failure

6. The UDACT shall support independent zone/point reporting when used in the 
Contact ID format. In this format the UDACT shall support transmission of up to 
2,040 points. This enables the central station to have exact details concerning 
the origin of the fire or response emergency.

2.19 BATTERIES:

A. The battery shall have sufficient capacity to power the fire alarm system for not less than 
twenty-four hours plus 5 minutes of alarm upon a normal AC power failure.

B. The batteries are to be completely maintenance free. No liquids are required. Fluid level 
checks for refilling, spills, and leakage shall not be required.

C. If necessary to meet standby requirements, external battery and charger systems may be 
used.

2.20 CONDUIT AND WIRE:

A. Conduit:
1. Conduit shall be in accordance with The National Electrical Code (NEC), local 

and state requirements.
2. All wiring shall be installed in conduit or raceway.  Conduit fill shall not exceed 40 

percent of interior cross sectional area where three or more cables are contained 
within a single conduit.

3. Cable must be separated from any open conductors of power, or Class 1 circuits, 
and shall not be placed in any conduit, junction box or raceway containing these 
conductors, per NEC Article 760-55.

4. Wiring for 24 volt DC control, alarm notification, emergency communication and 
similar power-limited auxiliary functions may be run in the same conduit as 
initiating and signaling line circuits. All circuits shall be provided with transient 
suppression devices and the system shall be designed to permit simultaneous 
operation of all circuits without interference or loss of signals.  

5. Conduit shall not enter the fire alarm control panel, or any other remotely 
mounted control panel equipment or backboxes, except where conduit entry is 
specified by the FACP manufacturer.

6. Conduit shall be 3/4-inch (19.1 mm) minimum.

B. Wire:
1. All fire alarm system wiring shall be new.
2. Wiring shall be in accordance with local, state and national codes (e.g., NEC 

Article 760) and as recommended by the manufacturer of the fire alarm system. 
Number and size of conductors shall be as recommended by the fire alarm 
system manufacturer, but not less than 18 AWG (1.02 mm) for Initiating Device 
Circuits and Signaling Line Circuits, and 14 AWG (1.63 mm) for Notification 
Appliance Circuits.

3. All wire and cable shall be listed and/or approved by a recognized testing agency 
for use with a protective signaling system.

4. Wire and cable not installed in conduit shall have a fire resistance rating suitable 
for the installation as indicated in NFPA 70 (e.g., FPLR).

5. Wiring used for the multiplex communication circuit (SLC) shall be twisted and 
unshielded and support a minimum wiring distance of 12,500 feet. The design of 
the system shall permit use of IDC and NAC wiring in the same conduit with the 
SLC communication circuit. 

6. All field wiring shall be electrically supervised for open circuit and ground fault.
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7. The fire alarm control panel shall be capable of t-tapping Class B (NFPA Style 4) 
Signaling Line Circuits (SLCs). Systems that do not allow or have restrictions in, 
for example, the amount of t-taps, length of t-taps etc., are not acceptable.

C. Terminal Boxes, Junction Boxes and Cabinets:
All boxes and cabinets shall be UL listed for their use and purpose.

D. Initiating circuits shall be arranged to serve like categories (manual, smoke, waterflow). 
Mixed category circuitry shall not be permitted except on signaling line circuits connected 
to intelligent reporting devices.

E. The fire alarm control panel shall be connected to a separate dedicated branch circuit, 
maximum 20 amperes. This circuit shall be labeled at the main power distribution panel 
as FIRE ALARM. Fire alarm control panel primary power wiring shall be 12 AWG. The 
control panel cabinet shall be grounded securely to either a cold water pipe or grounding 
rod.

PART 3 EXECUTION

3.1 INSTALLATION

A. General:
1. Installation shall comply with Article 760 of the National Electric Code and NFPA 

72.
2. All wiring shall be installed in conduit.
3. Coordinate locations of all ceiling mounted devices with other trades, including 

ceiling and HVAC installations. Contact Engineer for resolution if the indicated 
location of ceiling devices conflicts with work of other trades.

4. Connect all initiation and annunciation wiring so that the conductors are broken 
at the device and not wrapped around a termination screw.

5. Smoke detector installation sequence:
a. No smoke detector head shall be installed until adverse construction 

conditions, such as dust, dirt, fumes, and related potential nuisance 
alarm sources, are removed.

b. This provision does not prohibit the installation of the detector bases, 
wiring, or ancillary items that are not affected by contaminates.

c. This provision is waived only if the authority having jurisdiction requires 
the operation of the detectors during construction. If installed and 
activated when construction contaminates are present, the Contractor 
shall retest 100% of the devices to ensure that all are operating within 
correct parameters. Replace devices, without cost to the Owner, that are 
found to be outside the listed and marked sensitivity range.

B. Control panel power circuit:
1. Feed fire alarm control panel with a dedicated 120V branch circuit “primary 

source” composed of a hot, neutral, and ground conductor. Minimum conductor 
size is #12AWG.

2. Connect primary source feed to a dedicated 20A 1 pole circuit breaker in the 
panelboard noted on the Drawings or determined by the Engineer.

3. Label circuit breaker on panel directory as “FIRE ALARM CIRCUIT CONTROL” 
as required by NFPA 72.

C. Annunciation and initiation circuits:
1. Fire alarm installer is responsible for determining the appropriate sizes of 

conductors to limit voltage drop, during alarm and initiation, to a maximum of 5% 
of the nominal voltage of circuits. 

2. See Part 2 above for minimum conductor sizes.
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D. Fire alarm control panel:
1. Install the control panel surface mounted in the location as indicated on the 

Drawings.
2. Install the back-up batteries and connect to the battery charger. Battery shall be 

appropriately sized per NFPA with sizing calculations provided with the fire alarm 
submittal. 

3. Install output relays for control of any equipment or connection to other 
equipment as necessary.

4. Connect all initiation and annunciation circuits. Test all circuits for continuity and 
operation.

5. Provide all programming, detector and pull station addressing, alarm sequencing, 
and similar work required for service.

6. Adjust sensitivity of all smoke and heat detector sensitivity to required levels. 
Replace any detectors that do no meet required levels. 

7. Password protect the software and hardware against unauthorized changes. 
8. Tie to remote annunciator.

E. Initiation devices:
1. Install manual pull stations in the locations indicated on the Drawings.
2. Connect to each fire sprinkler flow and tamper switches as follows:

a. Switches shall be furnished with the fire sprinkler control valves. 
b. Manual closing a tamper switch shall provide a trouble signal to the 

control panel.
c. Water flow closing of a flow switch shall provide an alarm signal to the 

control panel. Water flow switch activation of the control panel may be 
time delayed in accordance with NFPA requirements (maximum of 90 
second delay with flow equal to one sprinkler head) to prevent nuisance 
tripping from water hammer, surges, or variable pressure problems in the 
fire sprinkler system.

3.2 OPERATION

A. The operation of any corridor, common area, closet, or similarly located automatic or 
manual alarm initiating device, including but not limited to smoke detectors, duct 
detectors, or pull stations, shall initiate the following:
1. Put fire alarm control panel into alarm condition and sound audible/visual signals 

until it is manually silenced. This alarm shall annunciate speaker/strobe and 
strobe units in the wing or administrative area in which the detector is located, or 
if so selected by the Owner, a general alarm for the entire facility.

2. Indicate alarm origin by device location designation on the fire alarm control 
panel display.

3. Close all fire and smoke dampers, or, if so directed, on those dampers 
associated with the sensed area of smoke.

4. Notify security control system for any release of security doors or locks held 
closed by electrical means.

B. Fire alarm system shall include voice evacuation as the means of system notification.

3.3 TESTING AND DEMONSTRATION

A. Testing of new equipment:
1. Manual Testing:

a. Field test all smoke detectors in the entire system to initiate an alarm. 
Utilize canned smoke, aerosol, Gemini smoke generator, or other 
approved device or equipment that simulates smoke particles and is 
acceptable for testing the installed equipment.

b. Replace all devices that operate outside of approved range.
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c. All alarm and initiation circuits shall test free of ground.
2. Completion certificate:

a. After testing is completed and all defective equipment replaced, provide 
and complete a certificate posted at or near the main control panel.

b. Certificate shall identify the standards applicable and certification of 
compliance with the applicable standards. If approved variances are 
allowed, document these variations with the certificate.

c. Contractor shall retain one copy for his records, forward one copy to the 
authority having jurisdiction, and one copy to the State Fire Marshall’s 
office.

3.4 DOCUMENTATION AND SPARE PARTS

A. Provide all documentation including:
1. For Owner:

a. At least on operation and parts manual delivered to Owner. O&M manual 
shall include listing of parts and components by description and part 
number.

b. Provide a record for all software and hardware version numbers at the 
fire alarm control panel.

c. Complete a copy of the “Record of Completion” found in NFPA 72 and 
deliver to the Owner.

d. Provide a recommended list of preventative maintenance and suggested 
intervals for future testing of equipment.

2. For Architect or Engineer:
a. Record drawings showing the location of all devices.

3. For State of Texas:
a. Complete and forward to the State of Texas Office of the State Fire 

Marshall a copy of the “Certificate of Installation” form.

B. Provide the Owner a minimum of 6 keys for resetting manual pull stations.

C. Demonstration:
1. Provide Owner training in the operation and capabilities of the entire fire alarm 

system at the conclusion of the project.
2. Training shall be on the Owner’s premises at mutually agreed dates and times. 

Notify the Owner at least 5 working days prior to the demonstration.
3. Training shall be for a period of not less than 4 continuous hours, or additional 

time, not to exceed 4 additional hours, if so required by the Owner.
4. Inadequate or incomplete training shall be repeated at the Contractor’s expense.

END OF SECTION
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SECTION 16950

ELECTRICAL SYSTEMS TESTING

PART 1 GENERAL

1.1 SUMMARY

A. Provide all work required to test the electrical systems as required by these 
Specifications.

1.2 SCOPE OF WORK

A. The following systems will require written test reports submitted to the Engineer or 
Architect:
1. Fire Alarm Systems (for publicly required documentation.)
2. Megger Tests.
3. Grounding Test.

B. Test all wiring installed or connected by Division 16 for absence from damage, short 
circuits, accidental ground, and continuity. Report any instances of improper installation 
to the Engineer.

C. Test all remaining electrical equipment and systems. Perform equipment and system 
tests on site with equipment in installed position and as left for permanent use. The 
Contractor may keep his own knots as to the scope of items tested, date of tests, and a 
record of his findings provided they are complete, accurate, and reproducible.

1.3 SUBMITTALS

A. Where required, certify that test were performed, that systems tested performed 
successfully, and list conditions and names of persons present.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Provide all test equipment, temporary wiring, labor, etc., required to fully perform required 
or requested testing.

B. No additional compensation will be given to the Contractor for testing of electrical 
systems installed under this division of the specifications.

PART 3 - EXECUTION

3.01 REQUIRED TESTS

A. Conductor megger tests:
1. After wires and cables are installed in conduits or raceways, but before being 

connected to devices and equipment, test the wiring systems for unintentional 
shorts, open circuits, or grounds by means of an approved type of portable 
“megger” tester.

2. Do not subject ground fault circuit interrupter type breakers or receptacle to 
megger tester.

B. Electrical measurements:
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1. With the system energized, make line voltage and current measurements at all 
switchboards, panelboards, motors, HVAC equipment, and other electrically 
operated equipment under full load conditions.

2. Notify Engineer of all unusual readings or results, such as voltages above or 
below normal bands or operation or currents that exceed equipment or conductor 
ratings.

C. Equipment tests and adjustments:
1. Test feeder circuits to ensure that panelboards and related equipment are 

connected to the proper feeder breakers or switches.
2. Compare actual conductors installed with those required on the Drawings. Notify 

the Engineer of any deviation from the Drawings.
3. Check all branch circuits to determine if wiring is connected to the proper circuit 

and identified correctly on the panelboard circuit label.
4. Test all branch circuit receptacles for proper polarity and to make sure that they 

are correctly energized.
5. Check dry-type transformer output voltages. Ensure that neutrals are properly 

grounded to the system ground. Adjust taps if necessary.
6. Check lighting fixtures for proper lamping and full light output from all lamps.
7. Set any circuit breakers with adjustable trip functions to the values selected by 

the Engineer or recommended by the manufacturer.
8. Set ground fault protective device time and current trip levels as selected by the 

Engineer.
9. Install thermal overload elements in all electro-mechanical starters, as 

determined from the manufacturer’s charts and actual motor running load 
amperage.

10. Adjust any solid state overload relays in starters as determined from 
manufacturer’s charts and actual motor running load amperage. 

11. Program, test and adjust fire alarm system components.
12. Test other items of electrical equipment to insure that each and every one is 

properly connected and that voltage is properly applied to the device.
13. Make other special tests where specified under other Sections of Division 16.

D. Grounding system:
1. Test resistance to ground as follows:

a. For single point system ground, such as a single grounding electrode 
conductor connection to ground rod or similar device, a clip-on ground 
leakage/ground resistance tester, positioned on the grounding electrode 
conductor, may be used.

b. For a multi-point system ground, such as several connections may be to 
water lines, reinforcing steel, etc., use one of the following methods:
1) Three-point method utilizing the electrode to be tested plus two 

additional temporary fixed electrodes.
2) Fall-of-potential method utilizing the electrode to be tested plus 

one additional temporary fixed electrode plus one moveable 
electrode for voltage measurement.

c. Consult the Engineer if particular site obstructions require modifying the 
standard test measurement procedures.

2. Use appropriate instrumentation for the test, such as “Megger” Digital Earth 
Tester or Ideal ground resistance meters.

3. Make measurements at least 60 days after the permanent electrode has been 
installed to allow time for soil stabilization.

4. Record the values obtained for the test and reproduce the results when required. 
5. If the measured resistance to ground exceeds 5 ohms, provide additional 

grounding equipment to lower resistance reading to below 5 ohms. See Section 
16060 for grounding enhancement procedures.
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E. Remove and replace any electrical wiring that is damaged by unintentional grounding or 
shorting, faulty connection, or during the testing process.

F. Special system testing:
1. Fire alarm and other special systems shall be tested by the system installer or 

supplier.
2. Other special systems shall be tested by the system installer or supplier.
3. Refer to other Sections of the Specifications for performance requirements of 

these systems.
4. Any portion of these systems that require programming, setting, initialization, 

identification, or related work shall be performed by the Contractor to place the 
system in complete, adjusted working order.

G. Submit three copies of all required written test, certified by the Contractor for approval. 
Test data shall include the name of the building, location, Architect and Engineer, 
Contractor’s name, equipment supplier, and other pertinent data required.

H. Provide any instruction to the Owner or Owner’s Representative regarding operation of 
equipment, systems, or features, and assist as required in informing and educating the 
Owner regarding the electrical equipment’s operating parameters.

I. Demonstrate the proper operation of all the electrical systems in the presence of the 
Architect, the Engineer, or the Architect’s designated representative. All systems shall 
perform to the Architect’s complete satisfaction.

END OF SECTION



Faith City Mission  SITE CLEARING 
Mission 2.0  Section 311000 - Page 1 of 3 

SPM Architects  4 June 2018 
  100% Construction Documents 

SECTION 311000 

SITE CLEARING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Removing existing vegetation. 
2. Clearing and grubbing. 
3. Stripping and stockpiling topsoil. 
4. Removing above- and below-grade site improvements. 

B. Related Requirements: 
1. Section 015000 "Construction Facilities and Temporary Controls" for temporary 

erosion- and sedimentation-control measures. 

1.3 DEFINITIONS 

A. Subsoil: Soil beneath the level of subgrade; soil beneath the topsoil layers of a naturally 
occurring soil profile, typified by less than 1 percent organic matter and few soil 
organisms. 

B. Topsoil: Top layer of the soil profile consisting of existing native surface topsoil or existing 
in-place surface soil; the zone where plant roots grow. 

1.4 MATERIAL OWNERSHIP 

A. Except for materials indicated to be stockpiled or otherwise remain Owner's property, 
cleared materials shall become Contractor's property and shall be removed from Project 
site. 

1.5 FIELD CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent 
occupied or used facilities during site-clearing operations. 
1. Do not close or obstruct streets, walks, or other adjacent occupied or used 

facilities without permission from Owner and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by 

Owner or authorities having jurisdiction. 

B. Utility Locator Service: Notify utility locator service for area where Project is located 
before site clearing. 

C. Do not commence site clearing operations until temporary erosion- and sedimentation-
control measures are in place. 

D. Soil Stripping, Handling, and Stockpiling: Perform only when the soil is dry or slightly 
moist. 
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PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Satisfactory Soil Material: Requirements for satisfactory soil material are specified in 
Section 312000 "Earth Moving." 
1. Obtain approved borrow soil material off-site when satisfactory soil material is not 

available on-site. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect and maintain benchmarks and survey control points from disturbance during 
construction. 

B. Protect existing site improvements to remain from damage during construction. 
1. Restore damaged improvements to their original condition, as acceptable to 

Owner. 

3.2 TEMPORARY EROSION AND SEDIMENTATION CONTROL 

A. Provide temporary erosion- and sedimentation-control measures to prevent soil erosion 
and discharge of soil-bearing water runoff or airborne dust to adjacent properties and 
walkways, according to erosion- and sedimentation-control Drawings and requirements of 
authorities having jurisdiction. 

B. Verify that flows of water redirected from construction areas or generated by construction 
activity do not enter or cross protection zones. 

C. Inspect, maintain, and repair erosion- and sedimentation-control measures during 
construction until permanent vegetation has been established. 

D. Remove erosion and sedimentation controls, and restore and stabilize areas disturbed 
during removal. 

3.3 EXISTING UTILITIES 

A. Interrupting Existing Utilities: Do not interrupt utilities serving facilities occupied by Owner 
or others, unless permitted under the following conditions and then only after arranging to 
provide temporary utility services according to requirements indicated: 
1. Notify Owner and Architect not less than five days in advance of proposed utility 

interruptions. 
2. Do not proceed with utility interruptions without Architect's written permission. 

3.4 CLEARING AND GRUBBING 

A. Remove obstructions, trees, shrubs, and other vegetation to permit installation of new 
construction. 
1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be 

relocated. 
2. Grind down stumps and remove roots larger than 3 inches in diameter, 

obstructions, and debris to a depth of 18 inches below exposed subgrade. 
3. Use only hand methods or air spade for grubbing within protection zones. 
4. Chip removed tree branches and dispose of off-site. 

B. Fill depressions caused by clearing and grubbing operations with satisfactory soil 
material unless further excavation or earthwork is indicated. 
1. Place fill material in horizontal layers not exceeding a loose depth of 8 inches, 

and compact each layer to a density equal to adjacent original ground. 
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3.5 TOPSOIL STRIPPING 

A. Remove sod and grass before stripping topsoil. 

B. Strip topsoil to depth of 6 inches in a manner to prevent intermingling with underlying 
subsoil or other waste materials. 
1. Remove subsoil and nonsoil materials from topsoil, including clay lumps, gravel, 

and other objects larger than 2 inches in diameter; trash, debris, weeds, roots, 
and other waste materials. 

C. Stockpile topsoil away from edge of excavations without intermixing with subsoil or other 
materials. Grade and shape stockpiles to drain surface water. Cover to prevent 
windblown dust and erosion by water. 
1. Limit height of topsoil stockpiles to 72 inches. 
2. Do not stockpile topsoil within protection zones. 
3. Dispose of surplus topsoil. Surplus topsoil is that which exceeds quantity 

indicated to be stockpiled or reused. 
4. Stockpile surplus topsoil to allow for respreading deeper topsoil. 

3.6 SITE IMPROVEMENTS 

A. Remove existing above- and below-grade improvements as indicated and necessary to 
facilitate new construction. 

B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated. 
1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut 

along line of existing pavement to remain before removing adjacent existing 
pavement. Saw-cut faces vertically. 

2. Paint cut ends of steel reinforcement in concrete to remain with two coats of 
antirust coating, following coating manufacturer's written instructions. Keep paint 
off surfaces that will remain exposed. 

3.7 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus soil material, unsuitable topsoil, obstructions, demolished materials, and 
waste materials including trash and debris, and legally dispose of them off Owner's 
property. 

END OF SECTION 
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SECTION 312000 

EARTH MOVING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Excavating and filling for rough grading the Site. 
2. Preparing subgrades for slabs-on-grade, walks, pavements, turf and grasses, 

and plants. 
3. Excavating and backfilling for buildings and structures. 
4. Drainage course for concrete slabs-on-grade. 
5. Subbase course for concrete walks and pavements. 
6. Subbase course and base course for asphalt paving. 
7. Excavating and backfilling trenches for utilities. 

B. Related Requirements: 
1. Section 033000 "Cast-in-Place Concrete" for granular course if placed over vapor 

retarder and beneath the slab-on-grade. 
2. Section 311000 "Site Clearing" for site stripping, grubbing, stripping and 

stockpiling topsoil. 

1.3 DEFINITIONS 

A. Backfill: Soil material or controlled low-strength material used to fill an excavation. 
1. Initial Backfill: Backfill placed beside and over pipe in a trench, including 

haunches to support sides of pipe. 
2. Final Backfill: Backfill placed over initial backfill to fill a trench. 

B. Base Course: Aggregate layer placed between the subbase course and hot-mix asphalt 
paving. 

C. Bedding Course: Aggregate layer placed over the excavated subgrade in a trench before 
laying pipe. 

D. Borrow Soil: Satisfactory soil imported from off-site for use as fill or backfill. 

E. Drainage Course: Aggregate layer supporting the slab-on-grade that also minimizes 
upward capillary flow of pore water. 

F. Excavation: Removal of material encountered above subgrade elevations and to lines 
and dimensions indicated. 
1. Authorized Additional Excavation: Excavation below subgrade elevations or 

beyond indicated lines and dimensions as directed by Architect. Authorized 
additional excavation and replacement material will be paid for according to 
Contract provisions for changes in the Work. 

2. Unauthorized Excavation: Excavation below subgrade elevations or beyond 
indicated lines and dimensions without direction by Architect. Unauthorized 
excavation, as well as remedial work directed by Architect, shall be without 
additional compensation. 

G. Fill: Soil materials used to raise existing grades. 
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H. Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, 
mechanical and electrical appurtenances, or other man-made stationary features 
constructed above or below the ground surface. 

I. Subbase Course: Aggregate layer placed between the subgrade and base course for hot-
mix asphalt pavement, or aggregate layer placed between the subgrade and a cement 
concrete pavement or a cement concrete or hot-mix asphalt walk. 

J. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill 
immediately below subbase, drainage fill, drainage course, or topsoil materials. 

K. Utilities: On-site underground pipes, conduits, ducts, and cables as well as underground 
services within buildings. 

1.4 FIELD CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent 
occupied or used facilities during earth-moving operations. 
1. Do not close or obstruct streets, walks, or other adjacent occupied or used 

facilities without permission from Owner and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by 

Owner or authorities having jurisdiction. 

B. Utility Locator Service: Notify utility locator service for area where Project is located 
before beginning earth-moving operations. 

C. Do not commence earth-moving operations until temporary site fencing and erosion- and 
sedimentation-control measures specified in Section 015000 "Temporary Facilities and 
Controls" are in place. 

PART 2 - PRODUCTS 

2.1 SOIL MATERIALS 

A. General: Provide borrow soil materials when sufficient satisfactory soil materials are not 
available from excavations. 

B. Excavated Soil: Material obtained from foundation excavation. 

C. Topsoil: Soil previously removed from building site and stockpiled.  Such soil shall be 
used for final 6 inches of fill at areas for planting, not covered by building or paving. 

D. Cushionfill: Clean well-graded sand or gravely sand. P.I. of 8 or less, with no silts.  Such 
material shall be placed to a depth of 2 inches under all concrete slabs including 
sidewalks. 

E. Borrow Fill (Select Fill): Material brought in from another site free of rock or other 
deleterious material with a plasticity index between 4 and 15. 

F. Backfill Material: A TXDOT Item 247 Type B Grade 1 or 2 sand and gravel flexible base 
material or free draining crushed stone material or coarse aggregate meeting ASTM C-33 
No. 467. 

G. Alternate Backfill Material: Concrete sand (ASTM C-33 fine aggregate) as a free draining 
backfill. 

2.2 ACCESSORIES 

A. Detectable Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape 
manufactured for marking and identifying underground utilities, a minimum of 6 inches 
wide and 4 mils thick, continuously inscribed with a description of the utility, with metallic 
core encased in a protective jacket for corrosion protection, detectable by metal detector 
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when tape is buried up to 30 inches deep; colored to comply with local practice or 
requirements of authorities having jurisdiction. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage 
caused by settlement, lateral movement, undermining, washout, and other hazards 
created by earth-moving operations. 

B. Protect and maintain erosion and sedimentation controls during earth-moving operations. 

C. Protect subgrades and foundation soils from freezing temperatures and frost. Remove 
temporary protection before placing subsequent materials. 

3.2 DEWATERING 

A. Prevent surface water from entering excavations, from ponding on prepared subgrades, 
and from flooding Project site and surrounding area. 

B. Protect subgrades from softening, undermining, washout, and damage by rain or water 
accumulation. 
1. Reroute surface water runoff away from excavated areas. Do not allow water to 

accumulate in excavations. Do not use excavated trenches as temporary 
drainage ditches. 

3.3 EXCAVATION, GENERAL 

A. Unclassified Excavation: Excavate to subgrade elevations regardless of the character of 
surface and subsurface conditions encountered. Unclassified excavated materials may 
include rock, soil materials, and obstructions. No changes in the Contract Sum or the 
Contract Time will be authorized for rock excavation or removal of obstructions. 
1. If excavated materials intended for fill and backfill include unsatisfactory soil 

materials and rock, replace with satisfactory soil materials. 

3.4 EXCAVATION FOR STRUCTURES 

A. Excavate to indicated elevations and dimensions within a tolerance of plus or minus 1 
inch. If applicable, extend excavations a sufficient distance from structures for placing 
and removing concrete formwork, for installing services and other construction, and for 
inspections. 
1. Excavations for Footings and Foundations: Do not disturb bottom of excavation. 

Excavate by hand to final grade just before placing concrete reinforcement. Trim 
bottoms to required lines and grades to leave solid base to receive other work. 

3.5 EXCAVATION FOR WALKS AND PAVEMENTS 

A. Excavate surfaces under walks and pavements to indicated lines, cross sections, 
elevations, and subgrades. 

3.6 EXCAVATION FOR UTILITY TRENCHES 

A. Excavate trenches to indicated gradients, lines, depths, and elevations. 
1. Beyond building perimeter, excavate trenches to allow installation of top of pipe 

below frost line. 

B. Excavate trenches to uniform widths to provide the following clearance on each side of 
pipe or conduit. Excavate trench walls vertically from trench bottom to 12 inches higher 
than top of pipe or conduit unless otherwise indicated. 
1. Clearance: 12 inches each side of pipe or conduit. 
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C. Trench Bottoms: Excavate and shape trench bottoms to provide uniform bearing and 
support of pipes and conduit. Shape subgrade to provide continuous support for bells, 
joints, and barrels of pipes and for joints, fittings, and bodies of conduits. Remove 
projecting stones and sharp objects along trench subgrade. 
1. For pipes and conduit less than 6 inches in nominal diameter, hand-excavate 

trench bottoms and support pipe and conduit on an undisturbed subgrade. 
2. For flat-bottomed, multiple-duct conduit units, hand-excavate trench bottoms and 

support conduit on an undisturbed subgrade. 
3. Excavate trenches 6 inches deeper than elevation required in rock or other 

unyielding bearing material to allow for bedding course. 

3.7 SUBGRADE INSPECTION 

A. Notify Architect when excavations have reached required subgrade. 

B. If Architect determines that unsatisfactory soil is present, continue excavation and 
replace with compacted backfill or fill material as directed. 

C. Proof-roll subgrade below the building slabs and pavements with a pneumatic-tired and 
loaded 10-wheel, tandem-axle dump truck weighing not less than 15 tons to identify soft 
pockets and areas of excess yielding. Do not proof-roll wet or saturated subgrades. 
1. Completely proof-roll subgrade in one direction, repeating proof-rolling in 

direction perpendicular to first direction. Limit vehicle speed to 3 mph. 
2. Excavate soft spots, unsatisfactory soils, and areas of excessive pumping or 

rutting, as determined by Architect, and replace with compacted backfill or fill as 
directed. 

D. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated 
water, or construction activities, as directed by Architect, without additional 
compensation. 

3.8 UNAUTHORIZED EXCAVATION 

A. Fill unauthorized excavation under foundations or wall footings by extending bottom 
elevation of concrete foundation or footing to excavation bottom, without altering top 
elevation. Lean concrete fill, with 28-day compressive strength of 2500 psi, may be used 
when approved by Architect. 
1. Fill unauthorized excavations under other construction, pipe, or conduit as 

directed by Architect. 

3.9 STORAGE OF SOIL MATERIALS 

A. Stockpile borrow soil materials and excavated satisfactory soil materials without 
intermixing. Place, grade, and shape stockpiles to drain surface water. Cover to prevent 
windblown dust. 
1. Stockpile soil materials away from edge of excavations. 

3.10 BACKFILL 

A. Place and compact backfill in excavations promptly, but not before completing the 
following: 
1. Removing concrete formwork. 
2. Removing trash and debris. 

B. Place backfill on subgrades free of mud, frost, snow, or ice. 

3.11 UTILITY TRENCH BACKFILL 

A. Place backfill on subgrades free of mud, frost, snow, or ice. 

B. Place and compact bedding course on trench bottoms and where indicated. Shape 
bedding course to provide continuous support for bells, joints, and barrels of pipes and 
for joints, fittings, and bodies of conduits. 
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C. Trenches under Footings: Backfill trenches excavated under footings and within 18 
inches of bottom of footings with satisfactory soil; fill with concrete to elevation of bottom 
of footings. Concrete is specified in Section 033000 "Cast-in-Place Concrete." 

D. Trenches under Paved Areas: Provide 4-inch-thick, concrete-base slab support for piping 
or conduit less than 30 inches below surface of roadways. After installing and testing, 
completely encase piping or conduit in a minimum of 4 inches of concrete before 
backfilling or placing roadway subbase course. Concrete is specified in Section 033000 
"Cast-in-Place Concrete." 

E. Initial Backfill: 
1. Soil Backfill: Place and compact initial backfill of subbase material, free of 

particles larger than 1 inch in any dimension, to a height of 12 inches over the 
pipe or conduit. 
a. Carefully compact initial backfill under pipe haunches and compact 

evenly up on both sides and along the full length of piping or conduit to 
avoid damage or displacement of piping or conduit. Coordinate 
backfilling with utilities testing. 

F. Final Backfill: 
1. Soil Backfill: Place and compact final backfill of satisfactory soil to final subgrade 

elevation. 

G. Warning Tape: Install warning tape directly above utilities, 12 inches below finished 
grade, except 6 inches below subgrade under pavements and slabs. 

3.12 SUBGRADE PREPARATION 

A. The top 6-inches of in-place soil should be plowed or scarified, processed to near 
optimum moisture content (±2%), and compacted to at least 95% of maximum dry density 
as determined by a standard proctor (ASTM Designation D698) when tested in 
accordance with ASTM Designation D2922. 

B. The site should be proof rolled to detect soft areas which should be removed and 
properly replaced, processed, and recompacted to 95% of standard proctor maximum dry 
density (ASTM D698) and ±2% of optimum moisture content when tested in accordance 
with ASTM Designation D2922. 

3.13 FOUNDATION PREPARATION 

A. All select fill material should have a Plasticity Index of 4-15 and should be placed in 8-
inch loose to 6-inch maximum compacted lifts. All soil for select fill material should be 
free of large rock (larger than 2") or other deleterious material and should be processed 
to near optimum moisture content (+1-2%) and compacted to a minimum of 95% of 
maximum dry density as determined by a standard proctor (ASTM Designation D698) 
and when tested in accordance with ASTM Designation D2922. Each lift must be tested 
and accepted prior to placing the next lift. The Plasticity Index and Liquid Limit of material 
used as select, less-expansive fill should be routinely verified during fill placement using 
laboratory tests. Visual observation and classification should not be relied upon to 
confirm the material to be used as select, less-expansive fill satisfies the above Atterberg 
Limits criteria. 
1. Do not place backfill or fill soil material on surfaces that are muddy, frozen, or 

contain frost or ice. 
2. Remove and replace, or scarify and air dry, otherwise satisfactory soil material 

that exceeds optimum moisture content by +2 percent and is too wet to compact 
to specified dry unit weight. 

B. The site should be proof rolled to detect soft areas which should be removed and 
properly replaced to 95% of standard proctor maximum dry density (ASTM D698) and 
±2% of optimum moisture content when tested in accordance with ASTM Designation 
D2922. 



EARTH MOVING  Faith City Mission 
Section 312000 - Page 6 of 7   Mission 2.0 

4 June 2018  SPM Architects 
100% Construction Documents 

C. Due to the placement of backfill then select fill materials, differing amounts of settlement 
can occur. This settlement can be as low as 1/2 percent (1/2%) for shallow amounts less 
than 3 feet to as much as 1 1/2 percent (1 1/2%) for thicknesses greater than 3 feet. 

D. Each lift should be tested by a qualified laboratory technician under the supervision of a 
registered professional engineer specializing in geotechnical studies. 

E. The top 2-inches of fill should be sand, or other free draining soil, in the area beneath the 
slab. The sand cushion or other free draining soil, should be damp and compacted prior 
to placing the fresh concrete, and should have a Plasticity Index of 8 or less. 

F. Note: Structural concrete should be placed as soon as possible when the soil preparation 
is completed. 

3.14 GRADING 

A. General: Uniformly grade areas to a smooth surface, free of irregular surface changes. 
Comply with compaction requirements and grade to cross sections, lines, and elevations 
indicated. 
1. Provide a smooth transition between adjacent existing grades and new grades. 
2. Cut out soft spots, fill low spots, and trim high spots to comply with required 

surface tolerances. 

B. Site Rough Grading: Slope grades to direct water away from buildings and to prevent 
ponding. Finish subgrades to elevations required to achieve indicated finish elevations, 
within the following subgrade tolerances: 
1. Turf or Unpaved Areas: Plus or minus 1 inch. 
2. Walks: Plus or minus 1 inch. 
3. Pavements: Plus or minus 1/2 inch. 

C. Grading inside Building Lines: Finish subgrade to a tolerance of 1/2 inch when tested with 
a 10-foot straightedge. 

3.15 SUBBASE AND BASE COURSES UNDER PAVEMENTS AND WALKS 

A. Cut and shape the existing subbase course to required elevations and cross-slope 
grades. 

B. If after achieving final soil elevation in the parking and drive areas and before the flexible 
base placement the soils possess PI values greater than 15, the exposed surface of the 
soil shall be scarified to a depth of 6 inches and mixed with hydrated lime or CKD. The 
actual amount of lime or CKD required shall be confirmed by laboratory testing, but shall 
be enough to reduce the PI to less than 15. 

C. The stabilization procedures shall extend at least 1 foot beyond the edge of the pavement 
to reduce the effects of seasonal shrinking and swelling upon the extreme edges of the 
pavement. The soil stabilization mixture shall be compacted to at least 100 percent of 
standard proctor maximum dry density (ASTM D698) and within the range of 0 to +4 
percentage points above the mixture's optimum moisture content. 

D. In all areas where stabilization is used to stabilize the final soil, routine Atterberg Limit 
tests shall be performed to assure the resulting Plasticity Index of the mixture is at/or 
below 15. 

3.16 DRAINAGE COURSE UNDER CONCRETE SLABS-ON-GRADE 

A. Place drainage course on subgrades free of mud, frost, snow, or ice. 

B. On prepared subgrade, place and compact drainage course under cast-in-place concrete 
slabs-on-grade as follows: 
1. Place drainage course 6 inches or less in compacted thickness in a single layer. 
2. Place drainage course that exceeds 6 inches in compacted thickness in layers of 

equal thickness, with no compacted layer more than 6 inches thick or less than 3 
inches thick. 
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3. Compact each layer of drainage course to required cross sections and 
thicknesses to not less than 95 percent of maximum dry unit weight according to 
ASTM D 698. 

3.17 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified geotechnical engineering testing agency 
to perform tests and inspections. 

B. Allow testing agency to inspect and test subgrades and each fill or backfill layer.  Proceed 
with subsequent earth moving only after test results for previously completed work 
comply with requirements. 

C. Earthwork:  At least one moisture-density (proctor) test, Atterberg Limits test and percent 
finer than #200 sieve test should be performed per each soil type such as subgrade and 
select fill material. In the proposed structure area at least 1 density and moisture content 
test per 2,000 square feet of surface area should be performed on the subgrade soils and 
at least 1 density and moisture content test per 2,000 square feet of surface area should 
be performed for each compacted 6-inch thick layer of select fill material. Testing backfill 
trenches should be at least 1 density and moisture content test per 100 linear feet of 
trench per 6-inch compacted backfill thickness. 

D. A minimum of four (4) density and moisture content tests should be performed in the 
proposed structure area on the subgrade soils and a minimum of four (4) density and 
moisture content tests should be performed per 6-inch compacted thickness of select fill 
material in the structure area. Testing of backfilled trenches should be at least 1 density 
and moisture content test per 100 linear feet of trench per 6-inch compacted backfill 
thickness. 

E. It is required that a qualified field technician be on-site during all soil processing and 
placement. 

F. When testing agency reports that subgrades, fills, or backfills have not achieved degree 
of compaction specified, scarify and moisten or aerate, or remove and replace soil 
materials to depth required; recompact and retest until specified compaction is obtained. 

3.18 PROTECTION 

A. Protecting Graded Areas: Protect newly graded areas from traffic, freezing, and erosion. 
Keep free of trash and debris. 

B. Repair and reestablish grades to specified tolerances where completed or partially 
completed surfaces become eroded, rutted, settled, or where they lose compaction due 
to subsequent construction operations or weather conditions. 
1. Scarify or remove and replace soil material to depth as directed by Architect; 

reshape and recompact. 

C. Where settling occurs before Project correction period elapses, remove finished 
surfacing, backfill with additional soil material, compact, and reconstruct surfacing. 
1. Restore appearance, quality, and condition of finished surfacing to match 

adjacent work, and eliminate evidence of restoration to greatest extent possible. 

3.19 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove surplus satisfactory soil and waste materials, including unsatisfactory soil, trash, 
and debris, and legally dispose of them off Owner's property. 

END OF SECTION 
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SECTION 313116 

TERMITE CONTROL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Soil treatment with termiticide at interior and exterior foundation perimeter. 

1.3 UNIT PRICES  (NOT APPLICABLE) 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of termite control product. 
1. Include the EPA-Registered Label for termiticide products. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Product Certificates:  For termite control products, from manufacturer. 

C. Soil Treatment Application Report:  After application of termiticide is completed, submit 
report for Owner's records and include the following: 
1. Date and time of application. 
2. Moisture content of soil before application. 
3. Termiticide brand name and manufacturer. 
4. Quantity of undiluted termiticide used. 
5. Dilutions, methods, volumes used, and rates of application. 
6. Areas of application. 
7. Water source for application. 

D. Warranties:  Sample of special warranties. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications:  A specialist who is licensed according to regulations of authorities 
having jurisdiction to apply termite control treatment and products in jurisdiction where 
Project is located. 

B. Regulatory Requirements:  Formulate and apply termiticides according to the EPA-
Registered Label. 

C. Source Limitations:  Obtain termite control products from single source. 

1.7 PROJECT CONDITIONS 

A. Environmental Limitations:  To ensure penetration, do not treat soil that is water saturated 
or frozen.  Do not treat soil while precipitation is occurring.  Comply with requirements of 
the EPA-Registered Label and requirements of authorities having jurisdiction. 

B. Coordinate soil treatment application with excavating, filling, grading, and concreting 
operations.  Treat soil under footings, grade beams, and ground-supported slabs before 
construction. 

1.8 WARRANTY 

A. Soil Treatment Special Warranty:  Manufacturer's standard form, signed by Applicator and 
Contractor, certifying that termite control work, consisting of applied soil termiticide 
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treatment, will prevent infestation of subterranean termites.  If subterranean termite activity 
or damage is discovered during warranty period, re-treat soil and repair or replace damage 
caused by termite infestation. 
1. Warranty Period:  Three years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 SOIL TREATMENT 

A. Termiticide:  Provide an EPA-Registered termiticide, complying with requirements of 
authorities having jurisdiction, in an aqueous solution formulated to prevent termite 
infestation.  Provide quantity required for application at the label volume and rate for the 
maximum termiticide concentration allowed for each specific use, according to product's 
EPA-Registered Label. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. BASF Corporation, Agricultural Products; Termidor. 
b. Bayer Environmental Science; Premise 75. 
c. FMC Corporation, Agricultural Products Group; Dragnet FT. 
d. Syngenta; Demon TC. 

2. Service Life of Treatment:  Soil treatment termiticide that is effective for not less 
than three years against infestation of subterranean termites. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Applicator present, for compliance with 
requirements for moisture content of soil per termiticide label requirements, interfaces with 
earthwork, slab and foundation work, landscaping, utility installation, and other conditions 
affecting performance of termite control. 

B. Proceed with application only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. General:  Comply with the most stringent requirements of authorities having jurisdiction 
and with manufacturer's written instructions for preparation before beginning application of 
termite control treatment.  Remove all extraneous sources of wood cellulose and other 
edible materials such as wood debris, tree stumps and roots, stakes, formwork, and 
construction waste wood from soil within and around foundations. 

B. Soil Treatment Preparation:  Remove foreign matter and impermeable soil materials that 
could decrease treatment effectiveness on areas to be treated.  Loosen, rake, and level 
soil to be treated except previously compacted areas under slabs and footings.  
Termiticides may be applied before placing compacted fill under slabs if recommended in 
writing by termiticide manufacturer. 
1. Fit filling hose connected to water source at the site with a backflow preventer, 

complying with requirements of authorities having jurisdiction. 

3.3 APPLICATION, GENERAL 

A. General:  Comply with the most stringent requirements of authorities having jurisdiction 
and with manufacturer's EPA-Registered Label for products. 

3.4 APPLYING SOIL TREATMENT 

A. Application:  Mix soil treatment termiticide solution to a uniform consistency.  Provide 
quantity required for application at the label volume and rate for the maximum specified 
concentration of termiticide, according to manufacturer's EPA-Registered Label, to the 
following so that a continuous horizontal and vertical termiticidal barrier or treated zone is 
established around and under building construction.  Distribute treatment evenly. 
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1. Slabs-on-Grade and Basement Slabs:  Under ground-supported slab construction, 
including footings, building slabs, and attached slabs as an overall treatment.  
Treat soil materials before concrete footings and slabs are placed. 

2. Foundations:  Adjacent soil, including soil along the entire inside perimeter of 
foundation walls; along both sides of interior partition walls; around plumbing pipes 
and electric conduit penetrating the slab; around interior column footers, piers, and 
chimney bases; and along the entire outside perimeter, from grade to bottom of 
footing.  Avoid soil washout around footings. 

3. Penetrations:  At expansion joints, control joints, and areas where slabs will be 
penetrated. 

B. Avoid disturbance of treated soil after application.  Keep off treated areas until completely 
dry. 

C. Protect termiticide solution, dispersed in treated soils and fills, from being diluted until 
ground-supported slabs are installed.  Use waterproof barrier according to EPA-Registered 
Label instructions. 

D. Post warning signs in areas of application. 

E. Reapply soil treatment solution to areas disturbed by subsequent excavation, grading, 
landscaping, or other construction activities following application. 

END OF SECTION 
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SECTION 320516 

AGGREGATE MATERIALS 

 PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SECTION INCLUDES 

A. Aggregate materials. 

1.3 REFERENCES 

A. ASTM C33 – Standard Specifications for Concrete Aggregates. 

B. ASTM C136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates. 

C. ASTM D698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil 
Using Stand Effort. 

D. ASTM D2487 – Standard Classification of Soils for Engineering Purposes. 

E. ASTM D2922 –Standard Test Methods for Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth). 

F. ASTM D3017 – Standard Test Method for Water Content of Soil and Rock in Place by 
Nuclear Methods (Shallow Depth). 

G. ASTM D4318 – Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils. 

H. Texas Department of Transportation – Standard Specifications for Construction of 
Highways, Streets, and Bridges. 

1.4 SUBMITTALS 

A. Submittals shall be in accordance with Section 013000 – Submittals. 

B. Submit sources of materials. 

C. Submit a sieve analysis of each material to be used if requested by the Engineer. 

D. Submit a 10 lb. sample of each material to the testing laboratory in an airtight container if 
requested by the Engineer. 

1.5 QUALITY ASSURANCE 

A. Perform work in accordance with plans, specifications, and the Owner’s standards. 

 PART 2 - PRODUCTS 

2.1 COARSE AGGREGATE MATERIALS 

A. Aggregate Type A1 - Drain Rock 
1. Drain rock shall be clean, washed, sound, durable, well-graded crushed rock, 

crushed gravel, or natural stone gravel. 
2. Drain rock shall conform to ASTM C33 Size No. 3 coarse aggregate as shown in 

the following table. 
 

 



AGGREGATE MATERIALS  Faith City Mission 
Section 320516 - Page 2 of 3   Mission 2.0 

4 June 2018  SPM Architects 
100% Construction Documents 

Sieve Size 
Percent Passing 

(By Weight) 
2 1/2 in. 100

2 in. 90-100
1 1/2 in. 35-70

1 in. 0-15
1/2 in. 0-5 

 

B. Aggregate Type A2 – Type 1 Pipe Embedment 
1. Type 1 pipe embedment shall be clean, washed, sound, durable, well-graded 

crushed rock, crushed gravel, or natural stone gravel. 
2. Type 1 pipe embedment shall conform to ASTM C33 Size No. 57 coarse 

aggregate as shown in the following table. 
 

Sieve Size 
Percent Passing 

(By Weight) 
1 1/2 in. 100

1 in. 95-100
1/2 in. 25-60
No. 4 0-10
No. 8 0-5 

 

C. Aggregate Type A3 – Type 2 Pipe Embedment 
1. Type 2 pipe embedment shall consist of a well-graded, angular, crushed rock 

with a maximum particle size of 3/4 inch. No more than 10% of the material shall 
pass the No. 200 sieve. 

D. Aggregate Type A4 - Pea Gravel 
1. Pea gravel shall be natural gravel that is washed and free of clay, shale, and 

organic matter. It shall be graded in accordance with ASTM C136 to the following 
limits: 

2. Minimum Size: 1/4 inch 
3. Maximum Size: 5/8 inch 

E. Aggregate Type A5 – Flexible Base 
1. Flexible base material shall be crushed stone produced from oversize quarried 

aggregate, sized by crushing, and produced from a naturally occurring single 
source. Crushed gravel or uncrushed gravel shall not be acceptable. No blending 
of sources or additive materials will be allowed in flexible base. 

2. Flexible base material shall conform to TxDOT Item No. 247 Type A – D, Grade 
1, 2, or 5. 

2.2 FINE AGGREGATE MATERIAL 

A. Aggregate Type A6 - Sand 
1. Sand shall be natural river or bank sand that is free of silt, clay, loam, friable or 

soluble materials, and organic matter. 
2. Sand shall conform to the gradation shown in the following table. 

 

Sieve Size 
Percent Passing 

(By Weight) 
No. 4 100

No. 16 80-100
No. 50 20-60
No. 100 10-40
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No. 200 0-10 
 

2.3 SOURCE QUALITY CONTROL 

A. Perform testing and analysis of materials in accordance with ASTM C33 and ASTM 
D698. 

B. If tests indicate materials do not meet specified requirements, change material or material 
source and retest. 

C. Provide materials of each type from one source throughout the project. A change in 
source requires sampling and testing at the Contractor’s expense and approval by the 
Engineer. 

PART 3 – EXECUTION 

3.1 STOCKPILING 

A. Stockpile materials on site at locations designated by the Engineer. 

B. Stockpile in sufficient quantities to meet project schedule and requirements. 

C. Separate differing materials with dividers or stockpile apart to prevent mixing. 

D. Direct surface water away from stockpile site so as to prevent erosion or deterioration of 
materials. 

3.2 STOCKPILE CLEANUP 

A. Remove the stockpile. Leave the area in a clean and neat condition. Grade the site to 
prevent freestanding surface water. 

B. If a borrow area is indicated, leave the area in a clean and neat condition. Grade the site 
to prevent freestanding surface water. 

END OF SECTION 
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SECTION 321123 

FLEXIBLE BASE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SECTION INCLUDES 

A. Furnishing and placing of flexible base course. 

1.3 REFERENCES 

A. Texas Department of Transportation – Standard Specifications for Construction of 
Highways, Streets, and Bridges. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Flexible base material temporarily stockpiled for construction purposes shall be located in 
an area approved by the Owner. 

B. Rock riprap materials shall be stockpiled in a way that prevents their contamination with 
debris, other stockpiled materials, or soil. 

PART 2 - PRODUCTS 

2.1 FLEXIBLE BASE 

A. 8.0 inches Flexible Base — TxDOT Item 247- Type "A"-"D" Grade "1"-"2" or "5". 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Excavate and shape the parking area bed. Remove unstable or otherwise objectionable 
material from the subgrade and replace with approved material. Fill holes, ruts, and 
depressions with approved material. Sprinkle the subgrade, if necessary, and reshape 
and roll to the extent directed in order to place the subgrade in an acceptable condition to 
receive the base material. The surface of the subgrade shall be smooth and conform to 
line, grade, and typical sections. Prepare sufficient subgrade in advance to insure 
satisfactory prosecution of the work. 

B. Utilize material excavated in the preparation of the subgrade in the construction of 
adjacent shoulders and slopes or otherwise disposed of as directed. Secure any 
additional material required for the completion of the shoulders and slopes from sources 
indicated or designated by the Architect. 

3.2 PLACEMENT 

A. Place flexible base material in accordance with TX DOT Item 247 to the lines, grades, 
and thickness shown on the plans and as indicated in 2.1 above. 

B. The flexible base should be placed in two (2) equal lifts. Each lift should be compacted to 
a minimum of 100% and within ±2% of optimum moisture content as determined by 
ASTM D698. The first lift must be tested and accepted prior to placement of the next lift. 

END OF SECTION 





Faith City Mission  PAVEMENT MARKINGS 
Mission 2.0  Section 321723 - Page 1 of 2 

SPM Architects  4 June 2018 
  100% Construction Documents 

SECTION 321723 

PAVEMENT MARKINGS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes painted markings applied to asphalt pavement. 

B. Related Requirements: 
1. Section 099113 "Exterior Painting" for painting exterior concrete surfaces other 

than pavement. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include technical data and tested physical and performance properties. 

B. Shop Drawings: For pavement markings. 
1. Indicate pavement markings, colors, lane separations, defined parking spaces, 

and dimensions to adjacent work. 
2. Indicate, with international symbol of accessibility, spaces allocated for people 

with disabilities. 

1.4 QUALITY ASSURANCE 

A. Regulatory Requirements: Comply with materials, workmanship, and other applicable 
requirements of City of Amarillo for pavement-marking work. 
1. Measurement and payment provisions and safety program submittals included in 

standard specifications do not apply to this Section. 

1.5 FIELD CONDITIONS 

A. Environmental Limitations: Proceed with pavement marking only on clean, dry surfaces 
and at a minimum ambient or surface temperature of 40 deg. F for alkyd materials, and 
not exceeding 95 deg. F. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Colorado Paint Company. 
2. PPG Architectural Coating. 
3. Sherwin Williams Company (The). 

2.2 PAVEMENT-MARKING PAINT 

A. Pavement-Marking Paint: Alkyd-resin type, lead and chromate free, ready mixed, 
complying with AASHTO M 248, Type N; colors complying with FS TT-P-1952. 
1. Color: White and Blue to match existing. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that pavement is dry and in suitable condition to begin pavement marking 
according to manufacturer's written instructions. 

B. Proceed with pavement marking only after unsatisfactory conditions have been corrected. 

3.2 PAVEMENT MARKING 

A. Do not apply pavement-marking paint until layout, colors, and placement have been 
verified with Architect. 

B. Allow paving to age for a minimum of 30 days before starting pavement marking. 

C. Sweep and clean surface to eliminate loose material and dust. 

D. Apply paint with mechanical equipment to produce pavement markings, of dimensions 
indicated, with uniform, straight edges. Apply at manufacturer's recommended rates to 
provide a minimum wet film thickness of 15 mils. 
1. Apply graphic symbols and lettering with paint-resistant, die-cut stencils, firmly 

secured to pavement. Mask an extended area beyond edges of each stencil to 
prevent paint application beyond the stencil. Apply paint so that it cannot run 
beneath the stencil. Match existing graphic symbols. 

3.3 PROTECTING AND CLEANING 

A. Protect pavement markings from damage and wear during remainder of construction 
period. 

B. Clean spillage and soiling from adjacent construction using cleaning agents and 
procedures recommended by manufacturer of affected construction. 

END OF SECTION 
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SECTION 323115 

WOOD FENCES & GATES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SECTION INCLUDES 

A. Steel Post for wood fencing system. 

B. Wood rails, pickets, and cap. 

C. Galvanized fencing accessories. 

D. Gate hardware. 

1.3 RELATED SECTIONS 

A. Section 033000: Cast-In-Place Concrete. 

B. Section 099113: Exterior Painting. 

1.4 SUBMITTALS: 

A. Shop Drawings:  Layout of fence and gates with dimensions, details and finishes of 
component accessories and post foundations. 

B. Product Data:  Manufacturer’s catalogue cuts indicating material compliance and 
specified options. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. All wood materials shall be treated wood, or wood of a natural resistance to decay. 
Materials shall be free from loose knots, cracks, and other imperfections. 

2.2 STEEL POST 

A. Post:  3” ASTM F1083 Schedule 40 galvanized steel pipe, welded construction, minimum 
yield strength of 25 ksi; coating conforming to ASTM F1234 Type A on pipe exterior and 
interior with round galvanized post cap. 

2.3 WOOD BOARDS OR SLATS 

A. 2 inch x 4 inch and 2 inch x 6 inch Heavy Duty Red Cedar Rails. 

B. No. 1 – Western Red Cedar Pickets, 1 inch x 4 inch, 6 feet long with flat tops. 

2.4 SETTING MATERIAL 

A. Concrete: Minimum 28 day compressive strength of 3,000 psi (20 Mpa). 

2.5 ACCESSORIES 

A. WAP-OZ standard hot-dipped galvanized steel fence mounting brackets with 1-1/4 inch 
galvanized lag screws. 

B. 1 7/8" & 2 1/4" Screw Shank Galvanized nails. 

C. 24 Ga. Prefinished metal fence cap with 1/4 inch hemmed drip edge each side. 

2.6 GATE HARDWARE 
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A. Gate hardware including, but not limited to, latches, hinges, stops and bolts shall be 
stainless steel, powder coated black, or galvanized. 

B. Hinges and Pins shall be heavy duty and sized as per manufacturer's recommendations. 

C. For truck gates (double-leaf), a drop rod or stop shall be installed on one leaf, include at 
least one guide and shall extend into concrete base or similarly solid base. 

D. Dual access (accessible and lockable from either side) latch and lock systems are 
required on all gates. 
1. The following dual access latch and lock systems are allowed and must be 

approved in writing by the District prior to installation: 
a. Lock ThruTM Latch (website: 

http://www.hooverfence.com/woodfence/lockthru.htm); 
b. or Equal. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify areas to receive fencing are completed to final grades and elevations. 

B. Ensure property lines and legal boundaries of work are clearly established. 

3.2 INSTALLATION 

A. Space posts uniformly at 8’ OC maximum unless otherwise indicated. 

B. Concrete Set Posts:  Drill hole in firm, undisturbed or compacted soil. Holes shall have 
diameter 4 times greater than nominal outside dimension of post, and depths 
approximately 6” (152 mm) deeper than post bottom. Excavate deeper as required for 
adequate support in soft and loose soils, and for posts with heavy lateral loads. Set post 
bottom 24” (610 mm) below surface when in firm, undisturbed soil. Place concrete around 
post in a continuous pour. Trowel finish around posts and slope to direct water away from 
posts. 
1. Gate Posts and Hardware:  Set keepers, stops, sleeves and other accessories 

into concrete. 

C. Surface mount (wall mount) posts with mounting plates where indicated. Fasten with lag 
bolts and shields. 

D. Check each post for vertical and top alignment and maintain in position during placement 
and finishing operation. 

E. Install rails into mounting brackets at each rail to post connection. Install at the height and 
in the manner as detailed on the drawings. 

G. Pickets: Space, attach, and position as detailed on the drawings. Use six (6) galvanized 
nails per picket. 

3.3 GATE INSTALLATION 

A. Install gates plumb, level and secure for full opening without interference. 

B. Attach hardware by means which will prevent unauthorized removal. 

C. Adjust hardware for smooth operation. 

3.3 CLEANING 

A. Clean up debris and unused material and remove from site. 

END OF SECTION 


