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SECTION 15010 
SUMMARY OF MECHANICAL WORK 

 
PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions, Division 1 Specification Sections and other Division 15 Specification Sections, 
apply to this Section. 

 
1.2 WORK COVERED BY CONTRACT DOCUMENTS 

 
A. The following Summary of Work is intended as an aid to achieve an understanding of the 

various elements of work included in the project, as is not intended to be all-inclusive. Detailed 
descriptions of work and requirements are given in drawings and specifications. 

 
B. Mechanical Contract Documents were prepared for the Project by: 
 
 Trinity MEP Engineering, LLC 
 3533 Moreland Dr. Ste. A  
 Weslaco, Texas 78596 
 Phone Number: (956) 973-0500 
 Contact Person: Leonardo Munoz, P.E. 

 
 

C. General Scope of Work: 
1. Install AC equipment and ductwork as shown on the contract documents.  Refer to 

drawings for schedule of equipment that will be installed.  After installing equipment, 
connect power to unit.  

 
2. HVAC

 

: Provide all materials and labor associated with a complete operational 
installation of new HVAC systems including, but not limited to: 

• DX Roof Top Units 
• Exhaust fans  
• Sheet metal, Ductwork 
• Diffusers and Grilles 
• Duct accessories, including grilles, and louvers 
• Air Test and Balance 

 
3. Plumbing

 

: Provide all materials and labor associated with a complete operational 
installation of new Plumbing systems including, but not limited to: 

• Plumbing Fixtures for facility 
• Piping for Sanitary Sewer and Vent Systems 
• Piping for Domestic water and Hot Water Systems. 
 

1.3 CONTINGENCY 
 

1. Refer to architectural specifications for Mechanical Contingencies. 
 
1.4 COORDINATION 

A. All mechanical work shall be done under sub-contract to a General Contractor. Mechanical 
Contractor shall coordinate all work through General Contractor, even in areas where only 
mechanical work is to take place. 
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B. Coordination between all trades shall take place on a regular basis to avoid conflicts between 
disciplines and equipment clearances.   

C. Work shall take place with minimal disruption to Owner’s operations in areas surrounding the 
new building.  

 
D. Cooperate fully with other contractors so that work under those contracts may be carried out 

smoothly, without interfering with or delaying work under this Contract. 
 
E. Fully coordinate with electrical contractor for providing power to mechanical equipment. 
 
F. Mechanical Contractor is responsible for all control wiring including thermostat(s).  This includes 

all conduit, wire, and accessories both low voltage and source voltage for the controls' system.  
Mechanical Contractor will provide all the necessary actuators, relays, software, hardware, and 
all necessary accessories required for a fully functional controls' system.     

 
1.5 UTILITIES 
 

1. Coordinate with power, water, telephone, cable and gas utilities to locate all utilities prior 
to digging in any area.  

2. Obtain any approvals required from utilities to relocate utilities.  
3. Cost of relocating or bypassing utilities indicated on drawings shall be included in Base 

Bid.  
 

1.6 CONTRACTOR USE OF PREMISES 
 
A. Use of the Site: Limit use of the premises to work in areas indicated.  Confine operations to 

areas within contract limits indicated.  Do not disturb portions of the site beyond the areas in 
which the Work is indicated. 
1. Owner Occupancy: Allow for Owner occupancy and use by the public. 
2. Driveways and Entrances: Keep driveways and entrances serving the premises, clear 

and available to the Owner, the Owner's employees, and emergency vehicles at all time.  
Do not use these areas for parking or storage of materials.  Schedule deliveries to 
minimize space and time requirements for storage of materials and equipment on-site. 

 
B. Site Safety: Take every precaution to ensure the site does not present a threat to the safety of 

occupants and/or workers. Minimal safety requirements include, but are not limited to the 
following: 
 
1. Temporary fencing around construction areas. 
2. Yellow caution tape and construction barricades along open trenches during the day. 

Trenches shall be covered at night and warning lights provided on construction 
barricades. 

3. Temporary fencing around equipment while site work is in progress. 
 

1.7 SUBMITTALS 
1. To extradite the submittal process more efficiently, DO NOT piece-meal the submittals.  

Submit entire mechanical or plumbing in a bound enclosure.  This will eliminate delays in 
the submittal process. 

1.8 CONTINGENCY FUND 
Refer to architectural specifications for all project contingencies. 

                                           END OF SECTION 
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SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

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 following basic mechanical materials and methods to complement 
other Division 15 Sections. 

1. Piping materials and installation instructions common to most piping systems. 
2. Concrete base construction requirements. 
3. Escutcheons. 
4. Dielectric fittings. 
5. Flexible connectors. 
6. Mechanical sleeve seals. 
7. Equipment nameplate data requirements. 
8. Nonshrink grout for equipment installations. 
9. Field-fabricated metal and wood equipment supports. 
10. Installation requirements common to equipment specification sections. 
11. Cutting and patching. 
12. Touchup painting and finishing. 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred 
spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawl spaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors, or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and in duct shafts. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and physical contact by building occupants, but subject to outdoor ambient temperatures.  
Examples include installations within unheated shelters. 

F. The following are industry abbreviations for plastic materials:  
1. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 
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1. EPDM:  Ethylene propylene diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For dielectric fittings, flexible connectors, mechanical sleeve seals, and 
identification materials and devices. 

B. Coordination Drawings:  Detail major elements, components, and systems of mechanical 
equipment and materials in relationship with other systems, installations, and building 
components.  Show space requirements for installation and access.  Indicate if sequence and 
coordination of installations are important to efficient flow of the Work.  Include the following: 

1. Planned piping layout, including valve and specialty locations and valve-stem movement. 
2. Clearances for servicing and maintaining equipment, accessories, and specialties, 

including space for disassembly required for periodic maintenance. 
3. Sizes and location of required concrete pads and bases. 
4. Floor plans, elevations, and details to indicate penetrations in floors, walls, and ceilings 

and their relationship to other penetrations and installations. 
5. Reflected ceiling plans to coordinate and integrate installation of air outlets and inlets, 

light fixtures, communication system components, sprinklers, and other ceiling-mounted 
items. 

1.5 QUALITY ASSURANCE 

A. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of 
identification devices. 

B. Equipment Selection:  Equipment of higher electrical characteristics, physical dimensions, 
capacities, and ratings may be furnished provided such proposed equipment is approved in 
writing and connecting mechanical and electrical services, circuit breakers, conduit, motors, 
bases, and equipment spaces are increased.  Additional costs shall be approved in advance by 
appropriate Contract Modification for these increases.  If minimum energy ratings or efficiencies 
of equipment are specified, equipment must meet design and commissioning requirements. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and prevent entrance of dirt, debris, and 
moisture. 

B. Protect stored pipes, ductwork, equipment, and tubes from moisture and dirt.  Elevate above 
grade.  Do not exceed structural capacity of floor, if stored inside. 

C. Protect flanges, fittings, and piping specialties from moisture and dirt. 

D. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

1.7 SEQUENCING AND SCHEDULING 

A. Coordinate mechanical equipment installation with other building components. 
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B. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction to allow for mechanical installations. 

C. Coordinate installation of required supporting devices and set sleeves in poured-in-place 
concrete and other structural components, as they are constructed. 

D. Sequence, coordinate, and integrate installations of mechanical materials and equipment for 
efficient flow of the Work.  Coordinate installation of large equipment requiring positioning 
before closing in building. 

E. Coordinate connection of mechanical systems with exterior underground and overhead utilities 
and services.  Comply with requirements of governing regulations, franchised service 
companies, and controlling agencies. 

F. Coordinate requirements for access panels and doors if mechanical items requiring access are 
concealed behind finished surfaces.  Access panels and doors are specified in Division 8. 

G. Coordinate installation of identifying devices after completing covering and painting, if devices 
are applied to surfaces.  Install identifying devices before installing acoustical ceilings and 
similar concealment. 

1.8 OPERATION PRIOR TO ACCEPTANCE 

A. When any equipment is operable, and it is to the advantage of the Contractor to operate the 
equipment, he may do so provided that he properly supervises the operation, and retains full 
responsibility for the equipment operated. 

B. Regardless of whether or not the equipment has or has not been operated, the Contractor shall 
clean the equipment properly, make required adjustments, and complete punch list items before 
final acceptance by the Owner. 

C. The date of acceptance by the Engineer, for beneficial use by the Owner, shall be the beginning 
date of the warranty period. 

1.9 SPACE AND EQUIPMENT ARRANGEMENT 

A. The size of each item of mechanical equipment shown on the Drawings is based on the 
dimensions of a particular manufacturer as indicated.  While other manufacturers may be 
acceptable, it shall be the responsibility of the Contractor to determine whether or not the 
equipment he proposes to furnish will fit into the space.  Shop drawings shall be prepared when 
required by the engineer to indicate a suitable arrangement. 

B. Install equipment in a manner to permit access to all surfaces.  Install valves, motors, drives, 
lubricating devices, filters, and other accessory items in a position to allow removal for service 
without requiring the disassembly of another part. 

C. Provide access panels acceptable to the Engineer for equipment that is concealed above ceiling 
space. 

D. Large equipment assemblies or components which will be installed in the building, and which 
are too large to permit access through doorways, stairways or shafts, shall be brought to the 
site and placed in the appropriate spaces before the enclosing structure is completed.  
Provisions shall be implemented by the Contractor to insure that the equipment will not be 
damaged in any way during the associated construction procedures. 
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1.10 START-UP OF EQUIPMENT AND SYSTEMS 

A. Whenever the manufacturer of a particular item of equipment or a particular system makes 
available a start-up service after completion of the installation, such manufacturer’s start-up 
service (rendered by the manufacturer or his authorized representative) shall be provided. 

B. Witnessing and explanations of start-up services shall be included as part of the “Instruction of 
Owner’s Personnel” as specified below. 

1.11 INSTRUCTION OF OWNER’S PERSONNEL 

A. Provide the services of competent engineers or technicians acceptable to the Engineer to 
instruct representatives of the Owner in complete and detailed operation and maintenance of 
each item of equipment, and each system.  These instructions shall be provided for whatever 
periods may be necessary to accomplish the desired results.  Upon completion of these 
instructions, the Contractor shall obtain a letter of release, acknowledged by the Owner or his 
authorized representative, stating the dates on which the various kinds of instruction were 
given, and the personnel to whom the instructions were given. 

B. The Contractor shall be fully responsible for proper maintenance of equipment and systems 
until the instructions have been given to the Owner’s personnel and the letter of release 
acknowledged. 

C. In providing the instructions to the Owner’s personnel, the written operating and maintenance 
manuals shall be followed in all instances, and the Owner’s personnel shall be familiarized with 
such manuals.  Operating and maintenance manuals used for instructions shall include piping 
diagrams, valve identification charts, control and interlocking wiring diagrams, manufacturers’ 
operation and maintenance manuals, parts lists (with sources identified), and other data as 
appropriate for each system, and as required elsewhere in the Specifications to be furnished to 
the Owner prior to final acceptance of the project. 

D. Provide the Owner with three (3) complete sets of all maintenance manuals, pamphlets, 
brochures or instructions.  This material shall be catalogued, indexed and bound into books. 

1.12 ACCEPTABLE MANUFACTURERS 

A. Provide equipment and materials from listed manufacturers listed within this specification.  
Deviations from this specification will not be acceptable.  When one manufacturer is listed, 
alternate materials and equipment may be provided “equal to” the listed.  When more than one 
manufacturer is listed, equipment and material must be provided by one of the listed 
manufacturers. 

PART 2 - PRODUCTS 

2.1 STANDARD PRODUCTS 

A. Each item of equipment furnished under this Division of the Specifications shall be essentially 
the standard product of the manufacturer.  Where two or more units of the same kind or class of 
equipment are required, these shall be the products of a single manufacturer; however, the 
component parts of the equipment need not be the products of one manufacturer. 

B. Materials and equipment shall be of the base quality normally used in good commercial 
practice, and shall be the products of reputable domestic manufacturers unless otherwise 
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specified.  Each major component shall bear a nameplate giving the name and address of the 
manufacturer, and the catalog number or designation of the component. 

2.2 QUALITY AND CLASSIFICATION OF MATERIALS 

A. Materials and equipment shall be new and of the quality specified, and shall be free from 
defects at the time of installation.  Materials or equipment damaged in shipment or otherwise 
damaged prior to installation shall not be repaired at the job site, but shall be replaced with new 
materials or equipment identical with those damaged. 

B. Wherever a UL standard has been established for a particular type of material or equipment, 
each such material or equipment provided on this project shall meet the requirements of the UL 
standard in every way and shall be UL listed and labeled. 

2.3 LOCAL PARTS AND SERVICE 

A. Each item of equipment furnished on this project shall have local representation, factory-
authorized service, and an adequate stock of repair parts.  “Local” shall be defined, for this 
purpose, as “within 50 miles of the project site.” 

2.4 FLAME SPREAD PROPERTIES OF MATERIALS 

A. Materials used for insulation, acoustical linings, adhesives, jackets and coatings, and 
combinations of these materials, shall each have a flame spread rating of 25 or less, and a 
smoke developed rating of 50 or less, as determined by an independent testing laboratory in 
accordance with NFPA-255. 

2.5 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Dielectric Unions: 
 
a. Watts Industries, Inc.; Water Products Div. 
b. Zurn Industries, Inc.; Wilkins Div. 

2. Mechanical Sleeve Seals: 

a. Calpico, Inc. 
b. Metraflex Co. 
c. Thunderline/Link-Seal. 

2.6 PIPE AND PIPE FITTINGS 

A. Refer to individual Division 15 piping Sections for pipe and fitting materials and joining methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 
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2.7 JOINING MATERIALS 

A. Refer to individual Division 15 piping Sections for special joining materials not listed below. 

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 

 maximum thickness, unless 
thickness or specific material is indicated. 

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

 thick, unless otherwise indicated; and full-face or 
ring type, unless otherwise indicated. 

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping 
system manufacturer, unless otherwise indicated. 

E. Solder Filler Metals:  ASTM B 32. 

1. Alloy Sn95 or Alloy Sn94:  Approximately 95 percent tin and 5 percent silver, with 0.10 
percent lead content. 

F. Brazing Filler Metals:  AWS A5.8. 

1. BCuP Series:  Copper-phosphorus alloys. 
2. BAg1:  Silver alloy. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 
thickness and chemical analysis of steel pipe being welded. 

H. Solvent Cements:  Manufacturer's standard solvent cements for the following: 
 
1. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 
2. PVC to ABS Piping Transition:  ASTM D 3138. 

I. Plastic Pipe Seals:  ASTM F 477, elastomeric gasket. 

J. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts:  AWWA C110, rubber gasket, carbon-steel 
bolts and nuts. 

K. Couplings:  Iron-body sleeve assembly, fabricated to match OD of plain-end, pressure pipes. 

1. Sleeve:  ASTM A 126, Class B, gray iron. 
2. Followers:  ASTM A 47
3. Gaskets:  Rubber. 

 malleable iron or ASTM A 536 ductile iron. 

4. Bolts and Nuts:  AWWA C111. 
5. Finish:  Enamel paint. 

2.8 DIELECTRIC FITTINGS 
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A. General:  Assembly or fitting with insulating material isolating joined dissimilar metals, to 
prevent galvanic action and stop corrosion. 

B. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld-neck 
end types and matching piping system materials. 

C. Insulating Material:  Suitable for system fluid, pressure, and temperature. 

D. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig minimum working pressure 
at 180 deg F

2.9 MECHANICAL SLEEVE SEALS 

. 

A. Description:  Modular design, with interlocking rubber links shaped to continuously fill annular 
space between pipe and sleeve.  Include connecting bolts and pressure plates. 

2.10 PIPING SPECIALTIES 

A. Sleeves:  The following materials are for wall, floor, slab, and roof penetrations: 

1. Steel Sheet Metal:  0.0239-inch

2. Steel Pipe:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends. 

 minimum thickness, galvanized, round tube closed with 
welded longitudinal joint. 

3. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with 
plain ends and integral waterstop, unless otherwise indicated. 

4. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  
Include clamping ring and bolts and nuts for membrane flashing. 

a. Underdeck Clamp:  Clamping ring with set screws. 

B. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type if required to 
conceal protruding fittings and sleeves. 

1. ID:  Closely fit around pipe, tube, and insulation of insulated piping. 
2. OD:  Completely cover opening. 
3. Cast Brass:  One piece, with set screw. 

a. Finish:  Rough brass. 
b. Finish:  Polished chrome-plate. 

 
4. Cast-Iron Floor Plate:  One-piece casting. 

2.11 GROUT 

A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B. 

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout, 
nonstaining, noncorrosive, nongaseous, and recommended for interior and exterior 
applications. 

2. Design Mix:  5000-psig
3. Packaging:  Premixed and factory packaged. 

, 28-day compressive strength. 
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PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. General:  Install piping as described below, unless piping Sections specify otherwise.  Individual 
Division 15 piping Sections specify unique piping installation requirements. 

B. General Locations and Arrangements:  Drawing plans, schematics, and diagrams indicate 
general location and arrangement of piping systems.  Indicated locations and arrangements 
were used to size pipe and calculate friction loss, expansion, pump sizing, and other design 
considerations.  Install piping as indicated, unless deviations to layout are approved on 
Coordination Drawings. 

C. Install piping at indicated slope. 

D. Install components with pressure rating equal to or greater than system operating pressure. 

E. Install piping in concealed interior and exterior locations, except in equipment rooms and 
service areas. 

F. Install piping free of sags and bends. 

G. Install exposed interior and exterior piping at right angles or parallel to building walls.  Diagonal 
runs are prohibited, unless otherwise indicated. 

H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements.  Allow 
sufficient space above removable ceiling panels to allow for ceiling panel removal. 

I. Install piping to allow application of insulation plus 1-inch

J. Locate groups of pipes parallel to each other, spaced to permit valve servicing. 

 clearance around insulation. 

K. Install fittings for changes in direction and branch connections. 

L. Install couplings according to manufacturer's written instructions. 

M. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board 
partitions, and suspended ceilings according to the following: 

1. Chrome-Plated Piping:  Cast brass, one piece, with set screw, and polished chrome-
plated finish.   

2. Uninsulated Piping Wall Escutcheons:  Cast brass or stamped steel, with set screw. 
3. Uninsulated Piping Floor Plates in Utility Areas:  Cast-iron floor plates. 
4. Insulated Piping:  Cast brass or stamped steel; with concealed hinge, spring clips, and 

chrome-plated finish. 
5. Piping in Utility Areas:  Cast brass or stamped steel, with set-screw or spring clips. 

N. Sleeves are not required for core drilled holes. 

O. Install sleeves for pipes passing through concrete and masonry walls, and concrete floor and 
roof slabs. 

P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs. 
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1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or 
other wet areas 2 inches

2. Build sleeves into new walls and slabs as work progresses. 

 above finished floor level.  Extend cast-iron sleeve fittings 
below floor slab as required to secure clamping ring if ring is specified. 

3. Install sleeves large enough to provide 1/4-inch annular clear space between sleeve and 
pipe or pipe insulation.  Use the following sleeve materials:Steel Pipe Sleeves:  For pipes 

smaller than 6-inch NPS
b. Steel, Sheet-Metal Sleeves:  For pipes 

. 
6-inch NPS

4. Except for underground wall penetrations, seal annular space between sleeve and pipe 
or pipe insulation, using elastomeric joint sealants.  Refer to Division 7 for materials. 

 and larger, penetrating 
gypsum-board partitions. 

5. Use Type S, Grade NS, Class 25, Use O, neutral-curing silicone sealant, unless 
otherwise indicated. 

Q. Aboveground, Exterior-Wall, Pipe Penetrations:  Seal penetrations using sleeves and 
mechanical sleeve seals.  Size sleeve for 1-inch

1. Install steel pipe for sleeves smaller than 

 annular clear space between pipe or pipe 
insulation and sleeve for installing mechanical sleeve seals. 

6 inches
2. Install cast-iron "wall pipes" for sleeves 

 in diameter. 
6 inches

3. Assemble and install mechanical sleeve seals according to manufacturer's written 
instructions.  Tighten bolts that cause rubber sealing elements to expand and make 
watertight seal. 

 in diameter and larger. 

R. Underground, Exterior-Wall, Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal 
pipe penetrations using mechanical sleeve seals.  Size sleeve for 1-inch

1. Assemble and install mechanical sleeve seals according to manufacturer's written 
instructions.  Tighten bolts that cause rubber sealing elements to expand and make 
watertight seal. 

 annular clear space 
between pipe and sleeve for installing mechanical sleeve seals. 

S. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
pipe penetrations.  Seal pipe penetrations with firestopping materials.  Refer to Division 7 for 
materials. 

T. Verify final equipment locations for roughing-in. 

U. Refer to equipment specifications in other Sections of these Specifications for roughing-in 
requirements. 

V. Piping Joint Construction:  Join pipe and fittings as follows and as specifically required in 
individual piping specification Sections: 

1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 
3. Soldered Joints:  Construct joints according to AWS's "Soldering Manual," Chapter "The 

Soldering of Pipe and Tube"; or CDA's "Copper Tube Handbook." 
4. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe 

and Tube." 
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5. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  
Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs 
and restore full ID.  Join pipe fittings and valves as follows: 

a. Note internal length of threads in fittings or valve ends, and proximity of internal 
seat or wall, to determine how far pipe should be threaded into joint. 

b. Apply appropriate tape or thread compound to external pipe threads, unless dry 
seal threading is specified. 

c. Align threads at point of assembly. 
d. Tighten joint with wrench.  Apply wrench to valve end into which pipe is being 

threaded. 
e. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded 

or damaged.  Do not use pipe sections that have cracked or open welds. 

6. Welded Joints:  Construct joints according to AWS D10.12, "Recommended Practices 
and Procedures for Welding Low Carbon Steel Pipe," using qualified processes and 
welding operators according to "Quality Assurance" Article. 

7. Flanged Joints:  Align flange surfaces parallel.  Select appropriate gasket material, size, 
type, and thickness for service application.  Install gasket concentrically positioned.  
Assemble joints by sequencing bolt tightening to make initial contact of flanges and 
gaskets as flat and parallel as possible.  Use suitable lubricants on bolt threads.  Tighten 
bolts gradually and uniformly using torque wrench. 

8. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces by wiping with 
clean cloth or paper towels.  Join pipe and fittings according to the following: 

a. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and 
solvent cements. 

b. PVC Nonpressure Piping:  ASTM D 2855. 
c. PVC to ABS Nonpressure Transition Fittings:  Procedure and solvent cement 

according to ASTM D 3138. 

9. Plastic Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean 
cloth or paper towels.  Join according to ASTM D 2657 procedures and manufacturer's 
written instructions. 

a. Plain-End Pipe and Fittings:  Use butt fusion. 
b. Plain-End Pipe and Socket Fittings:  Use socket fusion. 

W. Piping Connections:  Make connections according to the following, unless otherwise indicated: 

1. Install unions, in piping 2-inch NPS and smaller, adjacent to each valve and at final 
connection to each piece of equipment with 2-inch NPS

2. Install flanges, in piping 

 or smaller threaded pipe 
connection. 

2-1/2-inch NPS

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of 
dissimilar metals. 

 and larger, adjacent to flanged valves and at final 
connection to each piece of equipment with flanged pipe connection. 

4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping 
materials of dissimilar metals. 

3.2 EQUIPMENT AND MATERIAL INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment and material to provide maximum possible headroom, if mounting heights are 
not indicated. 
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B. Install equipment according to approved submittal data.  Portions of the Work are shown only in 
diagrammatic form.  Refer conflicts to Architect. 

C. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated. 

D. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

E. Install equipment and ductwork giving right of way to piping installed at required slope. 

F. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel to 
equipment shafts if possible. 

3.3 PAINTING AND FINISHING 

A. Refer to Division 9 for paint materials, surface preparation, and application of paint. 

B. Do not paint piping specialties with factory-applied finish. 

C. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish. 

3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both 
directions than supported unit.  Follow supported equipment manufacturer's setting templates 
for anchor bolt and tie locations.  Use 3000-psig

3.5 ERECTION OF METAL SUPPORTS AND ANCHORAGE 

, 28-day compressive-strength concrete and 
reinforcement or as specified in Division 3. 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor mechanical materials and equipment. 

B. Field Welding:  Comply with AWS D1.1, "Structural Welding Code--Steel." 

3.6 CUTTING AND PATCHING 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for 
mechanical installations.  Perform cutting by skilled mechanics of trades involved. 

B. Repair cut surfaces to match adjacent surfaces. 

3.7 GROUTING 

A. Install nonmetallic, nonshrink, grout for mechanical equipment base bearing surfaces, pump 
and other equipment base plates, and anchors.  Mix grout according to manufacturer's written 
instructions. 
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B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placing of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases to provide smooth bearing surface for equipment. 

G. Place grout around anchors. 

H. Cure placed grout according to manufacturer's written instructions. 

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. This Section includes hangers and supports for mechanical system piping and equipment. 

B. Related Sections include the following: 

1. Division 5 Sections for materials for attaching hangers and supports to building structure. 
2. Division 13 Sections on fire-suppression piping for fire-suppression pipe hangers. 
3. Division 15 Section "Mechanical Vibration Controls and Seismic Restraints" for vibration 

isolation and seismic restraint devices. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society for the Valve and Fittings Industry. 

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and 
Supports." 

1.4 PERFORMANCE REQUIREMENTS 

A. Design channel support systems for piping to support multiple pipes capable of supporting 
combined weight of supported systems, system contents, and test water. 

B. Design heavy-duty steel trapezes for piping to support multiple pipes capable of supporting 
combined weight of supported systems, system contents, and test water. 

1.5 SUBMITTALS 

A. Product Data:  For each type of pipe hanger, channel support system component, and thermal-
hanger shield insert indicated. 

B. Shop Drawings:  Signed and sealed by a qualified professional engineer for multiple piping 
supports and trapeze hangers.  Include design calculations and indicate size and characteristics 
of components and fabrication details. 

1.6 QUALITY ASSURANCE 
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A. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for 
each multiple pipe support and trapeze by a qualified professional engineer. 

1. Professional Engineer Qualifications:  A professional engineer who is legally qualified to 
practice in jurisdiction where Project is located and who is experienced in providing 
engineering services of the kind indicated.  Engineering services are defined as those 
performed for installations of hangers and supports that are similar to those indicated for 
this Project in material, design, and extent. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Pipe Hangers: 
 
a. Globe Pipe Hanger Products, Inc. 
b. Grinnell Corp. 
c. Michigan Hanger Co., Inc. 

2.2 MANUFACTURED UNITS 

A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  Refer 
to "Hanger and Support Applications" Article in Part 3 for where to use specific hanger and 
support types. 

1. Galvanized, Metallic Coatings:  For piping and equipment that will not have field-applied 
finish. 

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are 
in direct contact with copper tubing. 

B. Channel Support Systems:  MFMA-2, factory-fabricated components for field assembly. 

1. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated. 
Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are in 
direct contact with copper tubing. 

2.3 MISCELLANEOUS MATERIALS 

A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities 
appropriate for supported loads and building materials where used. 

B. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 
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A. Specific hanger requirements are specified in Sections specifying equipment and systems. 

B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in 
piping system Specification Sections. 

C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 
piping system Specification Sections, install the following types: 

1. Adjustable Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 
insulated stationary pipes, NPS 1/2 to NPS 30

2. Adjustable Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated 
stationary pipes, 

. 

NPS 1/2 to NPS 2
3. Extension Hinged Clamps (MSS Type 12):  For suspension of noninsulated stationary 

pipes, 

. 

NPS 3/8 to NPS 3

D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 
Specification Sections, install the following types: 

. 

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, NPS 3/4 to 
NPS 20

E. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 
Specification Sections, install the following types: 

. 

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches
2. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 

 for heavy loads. 

3. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 
building attachments. 

4. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F

F. Building Attachments:  Unless otherwise indicated and except as specified in piping system 
Specification Sections, install the following types: 

 piping installations. 

 
1. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 

construction to attach to top flange of structural shape. 
2. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 

channels, or angles. 
3. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 
4. C-Clamps (MSS Type 23):  For structural shapes. 
5. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge. 
6. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-

beams for heavy loads. 
7. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching tobottom of steel I-

beams for heavy loads, with link extensions. 
8. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to 

structural steel. 

G. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 
Specification Sections, install the following types: 

1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 
insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40):  Of length recommended by manufacturer to prevent 
crushing insulation. 
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H. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping 
system Specification sections, install the following types: 

 
1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement. 
2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 1-

1/4 inches (32 mm). 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Pipe Hanger and Support Installation:  Comply with MSS SP-69 and MSS SP-89.  Install 
hangers, supports, clamps, and attachments as required to properly support piping from 
building structure. 

B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and 
support together on field-assembled channel systems. 

1. Field assemble and install according to manufacturer's written instructions. 

C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of horizontal piping 
and support together on field-fabricated, heavy-duty trapezes. 

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or 
install intermediate supports for smaller diameter pipes as specified above for individual 
pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  
Weld steel according to AWS D-1.1. 

D. Install building attachments within concrete slabs or attach to structural steel.  Space 
attachments within maximum piping span length indicated in MSS SP-69.  Install additional 
attachments at concentrated loads, including valves, flanges, guides, strainers, and expansion 
joints, and at changes in direction of piping.  Install concrete inserts before concrete is placed; 
fasten inserts to forms and install reinforcing bars through openings at top of inserts. 

E. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and 
other accessories. 

F. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units. 

G. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses 
from movement will not be transmitted to connected equipment. 

H. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum 
pipe deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded. 

I. Insulated Piping:  Comply with the following: 

1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature:  Clamp may project through 
insulation. 
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b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield 
insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits according to ASME B31.9. 

2. Shield Dimensions for Pipe:  Not less than the following: 

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch
b. 

 thick. 
NPS 4:  12 inches long and 0.06 inch

c. 
 thick. 

NPS 5 and NPS 6
d. 

:  18 inches long and 0.06 inch thick. 
NPS 8 to NPS 14

e. 
:  24 inches long and 0.075 inch thick. 

NPS 16 to NPS 24
 

:  24 inches long and 0.105 inch thick. 

5. Pipes NPS 8 and Larger:  Include wood inserts.   
 
6. Insert Material:  Length at least as long as protective shield. 
 

3.3 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure above or to support 
equipment above floor. 

B. Grouting:  Place grout under supports for equipment and make smooth bearing surface. 

3.4 ADJUSTING 

A. Hanger Adjustment:  Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe. 

END OF SECTION 
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SECTION 15140 
 

SUPPORTS AND ANCHORS 
 
PART 1 - GENERAL 
 
1.01 WORK INCLUDED 
 

A. Pipe, and equipment hangers, supports and associated anchors. 
 

B. Sleeves and seals. 
 

C. Flashing and sealing equipment and pipe stacks. 
 
1.02 RELATED WORK 
 

A. Section 15240 - Vibration Isolation. 
 

B. Section 15260 - Piping Insulation. 
 

C. Section 15280 - Equipment Insulation. 
 

D. Section 15330 – Wet Pipe Fire Protection Sprinkler System. 
 

E. Section 15410 - Plumbing Piping and Valves. 
 

F. Section 15510 - Hydronic Piping. 
 

G. Section 15530 – Refrigerant Piping 
 
1.03 REFERENCES 
 

A. ANSI/ASME B31.1 - Power Piping. 
 

B. NFPA 13 - Standard for the Installation of Sprinkler Systems. 
 

C. NFPA 14 - Standard for the Installation of Standpipe and Hose Systems. 
 
1.04 QUALITY ASSURANCE 
 

A. Supports for Sprinkler Piping: In conformance with NFPA 13. 
 

B. Supports for Standpipes: In conformance with NFPA 14. 
 
1.05 SUBMITTALS 
 

A. Submit shop drawings and product data under provisions of Division One. 
 

B. Indicate hanger and support framing and attachment methods. 
 
PART 2 - PRODUCTS 
 
2.01 PIPE HANGERS AND SUPPORTS 
 

A. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch Malleable iron, adjustable swivel, split ring. 
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B. Hangers for Pipe Sizes 2 to 4 Inches Carbon steel, adjustable, clevis. 
 

C. Hangers for Pipe Sizes 6 Inches and Over: Adjustable steel yoke, cast iron roll, double 
hanger. 

 
D. Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger rods; cast 

iron roll and stand for pipe sizes 6 inches and over. 
 

E. Wall Support for Pipe Sizes to 3 Inches: Cast iron hook. 
 

F. Wall Support for Pipe Sizes 4 Inches and over: adjustable steel yoke and cast iron roll. 
 

G. Vertical Support: Steel riser clamp. 
 

H. Floor Support for Pipe Sizes to 4 Inches: Cast iron adjustable pipe saddle, locknut nipple, 
floor flange, and concrete pier or steel support. 

 
I. Floor Support for Pipe Sizes 6 Inches and Over: Adjustable cast iron roll and stand, steel 

screws, and concrete pier or steel support. 
 
J. Roof Pipe Supports and Hangers:  Galvanized Steel Channel System as manufactured by 

Portable Pipe Hangers, Inc. or approved equal. 
  
 For pipes 2-1/2” and smaller –  Type PP10 with roller 
 For pipes 3” through 8” – Type PS 
 For multiple pipes – Type PSE - Custom 
 
K. Copper Pipe Support and Hangers:  Electro-galvanized with thermoplastic elastomer 

cushions; Unistrut “Cush-A-Clamp” or equal.    Hangers:  Plastic coated; Unistrut or equal. 
 

L. For installation of protective shields refer to specification section 15140-3.03. 
 

M. Shields for Vertical Copper Pipe Risers: Sheet lead. 

N. Pipe Rough-In Supports in Walls/Chases:  Provide preformed plastic pipe supports, Sioux 
Chief “Pipe Titan”, Holdrite or equal. 

 
2.02 HANGER RODS 
 

A. Galvanized Hanger Rods: Threaded both ends, threaded one end, or continuous 
threaded. 

 
2.03 INSERTS 
 

A. Inserts: Malleable iron case of galvanized steel shell and expander plug for threaded 
connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to 
forms; size inserts to suit threaded hanger rods. 

 
2.04 FLASHING 
 

A. Metal Flashing: 20 gage galvanized steel. 
 

B. Lead Flashing: 4 lb. /sq. ft. sheet lead for waterproofing; 1 lb. /sq. ft. sheet lead for 
soundproofing. 

 
C. Caps: Steel, 20 gage minimum; 16 gage at fire resistant elements. 
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D. Coordinate with roofing contractor/architect for type of flashing on metal roofs. 
 
2.05 EQUIPMENT CURBS 
 

A. Fabricate curbs of hot dipped galvanized steel. 
 

B. For metal roof construction, roof curbs shall be made of aluminum or stainless steel.  
Coordinate with architectural drawings and details. 

 
 
2.06 SLEEVES 
 

A. Sleeves for Pipes through Non-fire Rated Floors: Form with 18 gage galvanized steel, 
tack welded to form a uniform sleeve. 

 
B. Sleeves for Pipes through Non-fire Rated Beams, Walls, Footings, and Potentially Wet 

Floors: Form with steel pipe, schedule 40. 
 

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

 
D. Sleeves for Round Ductwork: Form with galvanized steel. 

 
E. Sleeves for Rectangular Ductwork: Form with galvanized steel. 

 
F. Fire Stopping Insulation: Glass fiber type, non-combustible, U.L. listed. 

 
G. Caulk: Paintable 25-year acrylic sealant. 

 
H. Pipe Alignment Guides:  Factory fabricated, of cast semi-steel or heavy fabricated steel, 

consisting of bolted, two-section outer cylinder and base with two-section guiding spider 
that bolts tightly to pipe.  Length of guides shall be as recommended by manufacturer to 
allow indicated travel. 

 
2.07 FABRICATION 
 

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

 
B. Design hangers without disengagement of supported pipe. 

 
C. Design roof supports without roof penetrations, flashing or damage to the roofing material. 

 
2.08 FINISH 
 

A. Prime coat exposed steel hangers and supports.  Hangers and supports located in crawl 
spaces, pipe shafts, and suspended ceiling spaces are not considered exposed. 

 
PART 3 - EXECUTION 
 
3.01 INSERTS 
 

A. Provide inserts for suspending hangers from reinforced concrete slabs and sides of 
reinforced concrete beams.  Coordinate with structural engineer for placement of inserts. 

 
B. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4 
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inches. 
 

C. Where concrete slabs form finished ceiling, provide inserts to be flush with slab surface. 
 

D. Where inserts are omitted, drill through concrete slab from below and provide thru-bolt 
with recessed square steel plate and nut recessed into and grouted flush with slab.  Verify 
with structural engineer prior to start of work. 

 
3.02 PIPE HANGERS AND SUPPORTS 
 

A. Support horizontal piping as follows: 
 

PIPE SIZE MAX. HANGER SPACING 
 

HANGER DIAMETER 

(Steel Pipe) 
1/2 to 1-1/4 inch 7’-0” 3/8" 
 
1-1/2 to 3 inch 10'-0"  3/8" 
 
4 to 6 inch 10'-0"  1/2" 
 
8 to 10 inch 10'-0" 5/8" 
 
12 to 14 inch 10'-0" 3/4" 
 
15 inch and over 10'-0" 7/8"  
 
(Copper Pipe) 
1/2 to 1-1/4 inch 5'-0" 3/8" 
 
1-1/2 to 2-1/2 inch 8'-0"  3/8" 
 
3 to 4 inch 10'-0" 3/8" 
 
6 to 8 inch 10'-0" 1/2" 
 
(Cast Iron) 
2 to 3 inch 5'-0" 3/8" 
 
4 to 6 inch 10'-0" 1/2" 
 
8 to 10 inch 10'-0" 5/8" 
 
12 to 14 inch 10'-0" 3/4" 
 
15 inch and over 10'-0" 7/8"  
 
(PVC Pipe) 
1-1/2 to 4 inch 4'-0"  3/8" 
 
6 to 8 inch 4'-0" 1/2" 
 
10 and over 4'-0" 5/8" 

 
B. Install hangers to provide minimum 1/2 inch space between finished covering and 

adjacent work. 
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C. Place a hanger within 12 inches of each horizontal elbow and at the vertical horizontal 

transition. 
 

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

E. Support horizontal cast iron pipe adjacent to each hub, with 5 feet maximum spacing 
between hangers. 

 
F. Support vertical piping at every floor.  Support vertical cast iron pipe at each floor at hub. 

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

trapeze hangers. 
 

H. Support riser piping independently of connected horizontal piping. 
 

I. Install hangers with nut at base and above hanger; tighten upper nut to hanger after final 
installation adjustments. 

 
J. Portable pipe hanger systems shall be installed per manufacturers’ instructions. 

 
K. Distances between supports are maximum distance.  Supports shall be provided to carry 

the pipe/equipment load. 
 
3.03 Insulated Piping:  Comply with the following installation requirements. 
 

A. Clamps:  Attach galvanized clamps, including spacers (if any), to piping with clamps 
projecting through insulation; do not exceed pipe stresses allowed by ASME B31.9. 

B. Saddles:  Install galvanized protection saddles MSS Type 39 where insulation without vapor 
barrier is indicated.  Fill interior voids with segments of insulation that match adjoining pipe 
insulation. 

C. Shields:  Install protective shields MSS Type 40 on cold and chilled water piping that has 
vapor barrier.  Shields shall span an arc of 180 degrees and shall have dimensions in inches 
not less than the following: 

 
NPS  LENGTH 
 

THICKNESS 

1/4 THROUGH 3-1/2 12 0.048 
4 12 0.060 
5 & 6 18 0.060 
8 THROUGH 14 24 0.075 
16 THROUGH 24 24 0.105 

 
D. Piping 2” and larger provide galvanized sheet metal shields with calcium silicate at 

hangers/supports. 

E. Insert material shall be at least as long as the protective shield. 

F. Thermal Hanger Shields:  Install where indicated, with insulation of same thickness as 
piping. 

 
3.04 EQUIPMENT BASES AND SUPPORTS 
 

A. Provide equipment bases of concrete. 



06/10 15140-6  

 
B. Provide templates, anchor bolts, and accessories for mounting and anchoring equipment. 

 
C. Construct support of steel members.  Brace and fasten with flanges bolted to structure. 
D. Provide rigid anchors for pipes after vibration isolation components are installed. 

 
3.05 FLASHING 
 

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

 
B. Flash vent and soil pipes projecting 8 inches minimum above finished roof surface with 

lead worked one 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 mop sink and all other drains watertight to adjacent materials. 
 

E. Provide curbs for mechanical roof installations 8 inches minimum high above roofing 
surface.  Contact architect for all flashing details and roof construction.  Seal penetrations 
watertight. 

 
3.06 SLEEVES 
 

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

B. Extend sleeves through floors minimum one inch above finished floor level.  Caulk 
sleeves full depth with fire rated thermfiber and 3M caulking and provide floor plate. 

 
C. Where piping or ductwork penetrates floor, ceiling, or wall, close off space between pipe 

or duct and adjacent work with U.L. listed fire stopping insulation and caulk seal air tight.  
Provide close fitting metal collar or escutcheon covers at both sides of penetration. 

 
D. Fire protection sleeves may be flush with floor of stairways. 

 
 

END OF SECTION 
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SECTION 15075 
MECHANICAL IDENTIFICATION 

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 following mechanical identification materials and their installation: 

1. Equipment nameplates. 
2. Equipment markers. 
3. Access panel and door markers. 
4. Pipe markers. 
5. Duct markers. 
6. Valve tags. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with location of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT IDENTIFICATION DEVICES 

A. Equipment Nameplates:  Metal, with data engraved or stamped, for permanent attachment on 
equipment. 

1. Data: 

a. Manufacturer, product name, model number, and serial number. 
b. Capacity, operating and power characteristics, and essential data. 
c. Labels of tested compliances. 
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2. Location:  Accessible and visible. 
3. Fasteners:  As required to mount on equipment. 

B. Equipment Markers:  Engraved, color-coded laminated plastic.  Include contact-type, permanent 
adhesive. 

1. Terminology:  Match schedules as closely as possible. 
2. Data: 

a. Name and plan number. 
b. Equipment service. 
c. Design capacity. 
d. Other design parameters such as pressure drop, entering and leaving conditions, 

and speed. 

3. Size:  2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and valves; 4-1/2 
by 6 inches (115 by 150 mm)

4. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive. 

 for equipment. 

2.2 PIPING IDENTIFICATION DEVICES 

A. Manufactured Pipe Markers, General:  Preprinted, color-coded, with lettering indicating service, 
and showing direction of flow. 

1. Colors:  Comply with ASME A13.1, unless otherwise indicated. 
2. Lettering:  Use piping system terms indicated and abbreviate only as necessary for each 

application length. 
3. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm)

4. Pipes with OD, Including Insulation, 

:  Full-band pipe 
markers extending 360 degrees around pipe at each location. 

6 Inches (150 mm)

5. Arrows:  Integral with piping system service lettering to accommodate both directions; or 
as separate unit on each pipe marker to indicate direction of flow. 

 and Larger:  Either full-band or 
strip-type pipe markers at least three times letter height and of length required for label. 

B. Pretensioned Pipe Markers:  Precoiled semirigid plastic formed to cover full circumference of 
pipe and to attach to pipe without adhesive. 

C. Shaped Pipe Markers:  Preformed semirigid plastic formed to partially cover circumference of 
pipe and to attach to pipe with mechanical fasteners that do not penetrate insulation vapor 
barrier. 

D. Self-Adhesive Pipe Markers:  Plastic with pressure-sensitive, permanent-type, self-adhesive 
back. 

E. Plastic Tape:  Continuously printed, vinyl tape at least 3 mils (0.08 mm)

1. Width for Markers on Pipes with OD, Including Insulation, Less Than 

 thick with pressure-
sensitive, permanent-type, self-adhesive back. 

6 Inches (150 mm):  
3/4 inch (19 mm)

2. Width for Markers on Pipes with OD, Including Insulation, 
 minimum. 

6 Inches (150 mm) or Larger:  
1-1/2 inches (38 mm) minimum. 
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2.3 DUCT IDENTIFICATION DEVICES 

A. Duct Markers:  Engraved, color-coded laminated plastic.  Include direction and quantity of 
airflow and duct service (such as supply, return, and exhaust).  Include contact-type, permanent 
adhesive. 

2.4 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch (6.4-mm) letters for piping system abbreviation 
and 1/2-inch (13-mm) numbers, with numbering scheme [approved by Architect] <Insert other>.  
Provide 5/32-inch (4-mm)
1. Material:  

 hole for fastener. 
3/32-inch- (2.4-mm-)

2. Valve-Tag Fasteners:  Brass wire-link or beaded chain; or S-hook. 

 thick laminated plastic with 2 black surfaces and white 
inner layer. 

PART 3 - EXECUTION 

3.1 APPLICATIONS, GENERAL 

A. Products specified are for applications referenced in other Division 15 Sections.  If more than 
single-type material, device, or label is specified for listed applications, selection is Installer's 
option. 

3.2 EQUIPMENT IDENTIFICATION 

A. Install and permanently fasten equipment nameplates on each major item of mechanical 
equipment that does not have nameplate or has nameplate that is damaged or located where 
not easily visible.  Locate nameplates where accessible and visible.  Include nameplates for the 
following general categories of equipment: 
1. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
2. Heat exchangers, coils, evaporators, and similar equipment. 
3. Fans, blowers, primary balancing dampers, and mixing boxes. 
4. Packaged HVAC central-station and zone-type units. 

B. Install equipment markers with permanent adhesive on or near each major item of mechanical 
equipment.  Data required for markers may be included on signs, and markers may be omitted if 
both are indicated. 

1. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 
24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm)

2. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety 
and emergency precautions, warn of hazards and improper operations, and identify units. 

, 
and proportionately larger lettering for greater viewing distances.  Include secondary 
lettering two-thirds to three-fourths the size of principal lettering. 

3. Locate markers where accessible and visible.  Include markers for the following general 
categories of equipment: 

a. Main control and operating valves, including safety devices and hazardous units 
such as gas outlets. 

b. Fire department hose valves and hose stations. 
c. Meters, gages, thermometers, and similar units. 
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d. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
e. Heat exchangers, coils, evaporators, and similar equipment. 
f. Fans, blowers, primary balancing dampers, and mixing boxes. 
g. Packaged HVAC central-station and zone-type units. 
h. Strainers, filters, humidifiers, water-treatment systems, and similar equipment. 

C. Install equipment signs with screws or permanent adhesive on or near each major item of 
mechanical equipment.  Locate signs where accessible and visible. 

1. Identify mechanical equipment with equipment markers in the following color codes: 

a. Green:  For cooling equipment and components. 
b. Yellow:  For heating equipment and components. 
c. Orange:  For combination cooling and heating equipment and components. 

2. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 
24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm)

3. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety 
and emergency precautions, warn of hazards and improper operations, and identify units. 

, 
and proportionately larger lettering for greater viewing distances.  Include secondary 
lettering two-thirds to three-fourths the size of principal lettering. 

4. Include signs for the following general categories of equipment: 

a. Main control and operating valves, including safety devices. 
b. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
c. Heat exchangers, coils, evaporators, and similar equipment. 
d. Fans, blowers, primary balancing dampers, and mixing boxes. 
e. Packaged HVAC central-station and zone-type units. 
f. Tanks and pressure vessels. 
g. Strainers, filters, humidifiers, water-treatment systems, and similar equipment. 

D. Install access panel markers with screws on equipment access panels. 

3.3 PIPING IDENTIFICATION 

A. Install manufactured pipe markers indicating service on each piping system.  Install with flow 
indication arrows showing direction of flow. 

1. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm)

2. Pipes with OD, Including Insulation, 

:  Pretensioned pipe 
markers.  Use size to ensure a tight fit. 

6 Inches (150 mm) and Larger:  Self-adhesive pipe 
markers.  Use color-coded, self-adhesive plastic tape, at least 1-1/2 inches (38 mm) 
wide, lapped at least 3 inches (75 mm)

B. Locate pipe markers and color bands where piping is exposed in finished spaces; machine 
rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior 
nonconcealed locations as follows: 

 at both ends of pipe marker, and covering full 
circumference of pipe. 

1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and nonaccessible enclosures. 
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4. At access doors, manholes, and similar access points that permit view of concealed 
piping. 

5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 50 feet (15 m) along each run.  Reduce intervals to 25 

feet (7.6 m)
7. On piping above removable acoustical ceilings.  Omit intermediately spaced markers. 

 in areas of congested piping and equipment. 

3.4 DUCT IDENTIFICATION 

A. Install duct markers with permanent adhesive on air ducts in the following color codes: 

1. Green:  For cold-air supply ducts. 
2. Blue:  For exhaust-, outside-, relief-, return-, and mixed-air ducts. 
3. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 
4. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 

24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm)

B. Locate markers near points where ducts enter into concealed spaces and at maximum intervals 
of 

, 
and proportionately larger lettering for greater viewing distances.  Include secondary 
lettering two-thirds to three-fourths the size of principal lettering. 

50 feet (15 m)

3.5 VALVE-TAG INSTALLATION 

 in each space where ducts are exposed or concealed by removable ceiling 
system. 

A. Install tags on valves and control devices in piping systems, except check valves; valves within 
factory-fabricated equipment units; plumbing fixture supply stops; shutoff valves; faucets; 
convenience and lawn-watering hose connections; and HVAC terminal devices and similar 
roughing-in connections of end-use fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and 
with captions similar to those indicated in the following: 

1. Valve-Tag Size and Shape: 

a. Cold Water:  1-1/2 inches (38 mm)
b. Hot Water:  

, round. 
1-1/2 inches (38 mm)

c. Fire Protection:  
, round. 

2 inches (50 mm)

2. Valve-Tag Color: 

, round. 

a. Cold Water:  Green. 
b. Hot Water:  Yellow. 
c. Fire Protection:  Red. 

3. Letter Color: 

a. Cold Water:  White. 
b. Hot Water:  White. 
c. Fire Protection:  White. 

3.6 VALVE-SCHEDULE INSTALLATION 
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A. Mount valve schedule on wall in accessible location in each major equipment room. 

3.7 ADJUSTING 

A. Relocate mechanical identification materials and devices that have become visually blocked by 
other work. 

CLEANING 

B. Clean faces of mechanical identification devices and glass frames of valve schedules. 

END OF SECTION 
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SECTION 15081 
DUCT INSULATION 

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 semirigid and flexible duct, plenum, and breeching insulation; insulating 
cements; field-applied jackets; accessories and attachments; and sealing compounds. 

B. Related Sections include the following: 

1. Division 7 Sections for firestopping materials and requirements for penetrations through 
fire and smoke barriers. 

2. Division 15 Section "Pipe Insulation" for insulation for piping systems. 
3. Division 15 Section "Metal Ducts" for duct liner. 

1.3 SUBMITTALS 

A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field 
applied, if any), for each type of product indicated. 

1.4 QUALITY ASSURANCE 

A. Fire-Test-Response Characteristics:  As determined by testing materials identical to those 
specified in this Section according to ASTM E 84, by a testing and inspecting agency 
acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and 
sealer and cement material containers with appropriate markings of applicable testing and 
inspecting agency. 

1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed 
rating of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and smoke-developed 
rating of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate 
ASTM specification designation, type and grade, and maximum use temperature. 

B. Deliver and store all insulation with protective material until installation.  Any material left 
exposed to moisture and/or particulates shall be removed and replaced. 
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C. Any installed insulation left temporarily incomplete shall be covered with protective material until 
final connections can be installed. 

1.6 COORDINATION 

A. Coordinate clearance requirements with duct Installer for insulation application. 

1.7 SCHEDULING 

A. Schedule insulation application after testing duct systems.  Insulation application may begin on 
segments of ducts that have satisfactory test results. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 
b. Knauf FiberGlass GmbH. 
c. Owens-Corning Fiberglas Corp. 
d. Schuller International,Inc. 

2.2 INSULATION MATERIALS 

A. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 553, Type II, with all-service jacket manufactured from kraft paper, 
reinforcing scrim, aluminum foil, and vinyl film 

2.3 Field Applied Jacket 

A. Foil and paper Jacket: Laminated, glass-fiber-reinforced, flame-retardant kraft paper and 
aluminum foil. 

2.4 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  
Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m)

1. Tape Width:  

. 

4 inches (100 mm)

B. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer 
manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for 
insulation thickness indicated. 

. 
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1. Adhesive:  Recommended by the anchor pin manufacturer as appropriate for surface 
temperatures of ducts, plenums, and breechings; and to achieve a holding capacity of 
100 lb (45 kg)

2.5 VAPOR RETARDERS 

 for direct pull perpendicular to the adhered surface. 

A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with 
insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation and other 
conditions affecting performance of insulation application. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application. 

3.3 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written 
instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of 
ducts and fittings. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses 
required for each duct system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 

D. Apply multiple layers of insulation with longitudinal and end seams staggered. 

E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor 
retarder. 

F. Keep insulation materials dry during application and finishing. 

G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by the insulation material manufacturer. 

H. Apply insulation with the least number of joints practical. 

I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder 
integrity, unless otherwise indicated. 
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J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation 
continuously through hangers and around anchor attachments. 

K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal 
ends with a compound recommended by the insulation material manufacturer to maintain vapor 
retarder. 

L. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 
2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation 

material manufacturer to maintain vapor seal. 
3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams 

and joints and at ends adjacent to duct flanges and fittings. 

M. Cut insulation according to manufacturer's written instructions to prevent compressing insulation 
to less than 75 percent of its nominal thickness. 

N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders. 

1. Ducts with Vapor Retarders:  Overlap insulation facing at seams and seal with vapor-
retarder mastic and pressure-sensitive tape having same facing as insulation.  Repair 
punctures, tears, and penetrations with tape or mastic to maintain vapor-retarder seal. 

2. Ducts without Vapor Retarders:  Overlap insulation facing at seams and secure with 
outward clinching staples and pressure-sensitive tape having same facing as insulation. 

O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof 
flashing. 

1. Seal penetrations with vapor-retarder mastic. 
2. Apply insulation for exterior applications tightly joined to interior insulation ends. 
3. Seal insulation to roof flashing with vapor-retarder mastic. 

P. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and 
partitions, except fire-rated walls and partitions. 

Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper sleeves 
for fire-rated wall and partition penetrations. 

R. Floor Penetrations:  Terminate insulation at underside of floor assembly and at floor support at 
top of floor. 

1. For insulation indicated to have vapor retarders, taper termination and seal insulation 
ends with vapor-retarder mastic. 

3.4 MINERAL-FIBER INSULATION APPLICATION 

A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with adhesive and 
anchor pins and speed washers. 

1. Apply adhesives according to manufacturer's recommended coverage rates per square 
foot, for 100 percent coverage of duct and plenum surfaces. 
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2. Install anchor pins and speed washers on sides and bottom of horizontal ducts and all 
sides of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along longitudinal 
centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, 
and 16 inches (400 mm)

b. On duct sides with dimensions larger than 
 o.c. 

18 inches (450 mm).  Space 16 inches 
(400 mm) o.c. each way, and 3 inches (75 mm)

c. Anchor pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

 maximum from insulation joints.  
Apply additional pins and clips to hold insulation tightly against surface at cross 
bracing. 

d. Do not overcompress insulation during installation. 

3. Impale insulation over anchors and attach speed washers. 
4. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing. 

5. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 
inches (50 mm) from one edge and one end of insulation segment.  Secure laps to 
adjacent insulation segment with 1/2-inch (13-mm) staples, 1 inch (25 mm)

6. Overlap unfaced blankets a minimum of 

 o.c., and 
cover with pressure-sensitive tape having same facing as insulation. 

2 inches (50 mm) on longitudinal seams and end 
joints.  Secure with steel band at end joints and spaced a maximum of 18 inches (450 
mm)

7. Apply insulation on rectangular duct elbows and transitions with a full insulation segment 
for each surface.  Apply insulation on round duct elbows with individually mitered gores 
cut to fit the elbow. 

 o.c. 

8. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface 
with 6-inch- (150-mm-) wide strips of the same material used to insulate duct.  Secure on 
alternating sides of stiffener, hanger, and flange with anchor pins spaced 6 inches (150 
mm)

9. Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation indicated 
to receive vapor retarder. 

 o.c. 

3.5 DUCT SYSTEM APPLICATIONS 

A. Insulation materials and thicknesses are specified in schedules at the end of this Section. 

B. Materials and thicknesses for systems listed below are specified in schedules at the end of this 
Section. 

C. Insulate the following plenums and duct systems: 

1. Indoor concealed supply-, return-, and outside-air ductwork. 
2. Indoor exposed supply-, return-, and outside-air ductwork. 
3. Indoor concealed range-hood exhaust ductwork. 
4. Indoor concealed dishwasher ductwork. 

D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following 
systems, materials, and equipment: 
1. Factory-insulated flexible ducts. 
2. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections. 
3. Flexible connectors. 
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4. Vibration-control devices. 
5. Testing agency labels and stamps. 
6. Nameplates and data plates. 
7. Access panels and doors in air-distribution systems. 

3.6 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE 

A. Service:  Round and rectangular, supply-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 
2. Thickness:  3 inches
3. Number of Layers:  One. 

 (R-8 or greater) 

4. Field-Applied Jacket:  Foil and paper. 
5. Vapor Retarder Required:  Yes. 

B. Service:  Round and rectangular, return-air ducts, outside air duct, concealed or exposed. 

1. Material:  Mineral-fiber blanket. 
2. Thickness:  2 inches (50 mm)
3. Number of Layers:  One. 

. 

4. Field-Applied Jacket:  Foil and Paper 
5. Vapor Retarder Required:  Yes. 

C. Service:  Round and rectangular, supply and return-air ducts, exposed and in mechanical 
rooms. 

1. Material:  2" liner insulation 
2. Thickness:  2 inches (50 mm)
3. Number of Layers:  One. 

. 

4. Field-Applied Jacket:  None. 
5. Vapor Retarder Required:  No 

D. Service:  Round and rectangular, exhaust air ducts, concealed & exposed and in mechanical 
rooms. 

1. Material:  1" Interior liner 
2. Thickness:  1 inches
3. Number of Layers:  One. 

  

4. Field-Applied Jacket:  None. 
5. Vapor Retarder Required:  No 
6.  

END OF SECTION 
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SECTION 15083 
PIPE INSULATION 

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 preformed, rigid and flexible pipe insulation; insulating cements; field-
applied jackets; accessories and attachments; and sealing compounds. 

B. Related Sections include the following: 
1. Division 2 for loose-fill pipe insulation in underground piping outside the building. 
2. Division 7 for firestopping materials and requirements for penetrations through fire and 

smoke barriers. 
3. Division 15 Section "Duct Insulation" for insulation for ducts and plenums. 
4. Division 15 Section "Equipment Insulation" for insulation materials and application for 

pumps, tanks, hydronic specialties, and other equipment. 
5. Division 15 Section "Hangers and Supports" for pipe insulation shields and protection 

saddles. 

1.3 SUBMITTALS 

A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field 
applied, if any), for each type of product indicated. 

1.4 QUALITY ASSURANCE 

A. Fire-Test-Response Characteristics:  As determined by testing materials identical to those 
specified in this Section according to ASTM E 84, by a testing and inspecting agency 
acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and 
sealer and cement material containers with appropriate markings of applicable testing and 
inspecting agency. 

1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed 
rating of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and smoke-developed 
rating of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate 
ASTM specification designation, type and grade, and maximum use temperature. 
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1.6 COORDINATION 

A. Coordinate size and location of supports, hangers, and insulation shields specified in 
Division 15 Section "Hangers and Supports." 

B. Coordinate clearance requirements with piping Installer for insulation application. 

C. Coordinate installation and testing of steam or electric heat tracing. 

1.7 SCHEDULING 

A. Schedule insulation application after testing piping systems and, where required, after installing 
and testing heat-trace tape.  Insulation application may begin on segments of piping that have 
satisfactory test results. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Mineral-Fiber Insulation: 
a. CertainTeed Manson. 
b. Knauf FiberGlass GmbH. 
c. Owens-Corning Fiberglas Corp. 
d. Schuller International, Inc. 

2. Cellular-Glass Insulation: 
a. RBX Corporation; Insul-Sheet 1800 and Insul-Tube 180. 

3. Flexible Elastomeric Thermal Insulation: 
a. Armstrong World Industries, Inc. 
b. Rubatex Corp. 

2.2 INSULATION MATERIALS 

A. Mineral-Fiber Insulation:  Glass fibers bonded with a thermosetting resin complying with the 
following: 

1. Preformed Pipe Insulation:  Comply with ASTM C 547, Type 1, with factory-applied, all-
purpose, vapor-retarder jacket. 

2. Fire-Resistant Adhesive:  Comply with MIL-A-3316C in the following classes and grades: 

a. Class 1, Grade A for bonding glass cloth and tape to unfaced glass-fiber insulation, 
for sealing edges of glass-fiber insulation, and for bonding lagging cloth to unfaced 
glass-fiber insulation. 

b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces. 
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3. Vapor-Retarder Mastics:  Fire- and water-resistant, vapor-retarder mastic for indoor 
applications.  Comply with MIL-C-19565C, Type II. 

4. Mineral-Fiber Insulating Cements:  Comply with ASTM C 195. 
5. Expanded or Exfoliated Vermiculite Insulating Cements: Comply with ASTM C 196. 
6. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 

449/C 449M. 

B. Cellular-Glass Insulation: Inorganic, foamed or cellulated glass, annealed, rigid, hermetically 
sealed cells, incombustible. 

1. Preformed Pipe Insulation, without Jacket: Comply with ASTM C 552, Type II, Class 1. 
2. Preformed Pipe Insulation, with Jacket: Comply with ASTM C 552, Type II, Class 2. 

C. Closed-Cell Phenolic-Foam Insulation:  Preformed pipe insulation of rigid, expanded, closed-cell 
structure.  Comply with ASTM C 1126, Type III, Grade 1. 

D. Flexible Elastomeric Thermal Insulation used on Refrigerant Piping:  Closed-cell, sponge- or 
expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials. 

1. Adhesive:  As recommended by insulation material manufacturer. 
2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer. 

E. Prefabricated Thermal Insulating Fitting Covers:  Comply with ASTM C 450 for dimensions used 
in preforming insulation to cover valves, elbows, tees, and flanges. 

2.3 FIELD-APPLIED JACKETS 

A. General:  ASTM C 921, Type 1, unless otherwise indicated. 

B. Foil and Paper Jacket:  Laminated, glass-fiber-reinforced, flame-retardant kraft paper and 
aluminum foil. 

C. Standard PVC Fitting Covers:  Factory-fabricated fitting covers manufactured from 20-mil- (0.5-
mm-)

1. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply 
covers for lavatories for the disabled. 

 thick, high-impact, ultraviolet-resistant PVC. 

2. Adhesive:  As recommended by insulation material manufacturer. 

D. Aluminum Jacket:  Factory cut and rolled to indicated sizes.  Comply with ASTM B 209 
(ASTM B 209M)

1. Finish and Thickness:  Smooth finish, 

, 3003 alloy, H-14 temper. 

0.010 inch (0.25 mm)
2. Moisture Barrier:  

 thick. 
1-mil- (0.025-mm-)

3. Elbows:  Preformed, 45- and 90-degree, short- and long-radius elbows; same material, 
finish, and thickness as jacket. 

 thick, heat-bonded polyethylene and kraft paper. 

E. Underground Direct-Buried Jacket:  125-mil-thick vapor barrier and waterproofing membrane 
consisting of a rubberized bituminous resin reinforced with a woven-glass fiber or polyester 
scrim and laminated aluminum foil. 
1. Products: 

a. Pittsburgh Corning Corporation; Pittwrap. 
b. Polyguard; Insulrap No Torch 125. 
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2.4 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  
Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m)

1. Tape Width:  

. 

4 inches (100 mm)

B. Bands:  

. 

3/4 inch (19 mm)
 

 wide, in one of the following materials compatible with jacket: 

1. Aluminum:  0.007 inch (0.18 mm)

2.5 VAPOR RETARDERS 

 thick. 

A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with 
insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation and other 
conditions affecting performance of insulation application. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry pipe and fitting surfaces.  Remove materials that will 
adversely affect insulation application. 

3.3 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written 
instructions; with smooth, straight, and even surfaces; free of voids throughout the length of 
piping, including fittings, valves, and specialties. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses 
required for each piping system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 

D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs. 

E. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 

F. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor 
retarder. 
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G. Keep insulation materials dry during application and finishing. 

H. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by the insulation material manufacturer. 

I. Apply insulation with the least number of joints practical. 

J. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-
retarder integrity, unless otherwise indicated.  Refer to special instructions for applying 
insulation over fittings, valves, and specialties. 

K. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-retarder mastic. 

1. Apply insulation continuously through hangers and around anchor attachments.  
Insulation around hanger or pipe clamp will not be acceptable. 

2. For insulation application where vapor retarders are indicated, extend insulation on 
anchor legs at least 12 inches (300 mm)

3. Install insert materials and apply insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by the insulation 
material manufacturer. 

 from point of attachment to pipe and taper 
insulation ends.  Seal tapered ends with a compound recommended by the insulation 
material manufacturer to maintain vapor retarder. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 
jacket, arranged to protect the jacket from tear or puncture by the hanger, support, and 
shield. 

L. Insulation Terminations:  For insulation application where vapor retarders are indicated, taper 
insulation ends.  Seal tapered ends with a compound recommended by the insulation material 
manufacturer to maintain vapor retarder. 

M. Apply adhesives and mastics at the manufacturer's recommended coverage rate. 

N. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 
2. Circumferential Joints:  Cover with 3-inch- (75-mm-) wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples along both 
edges of strip and spaced 4 inches (100 mm)

3. Longitudinal Seams:  Overlap jacket seams at least 
 o.c. 

1-1/2 inches (40 mm).  Apply 
insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to receive 
self-sealing lap.  Staple laps with outward clinching staples along edge at 4 inches (100 
mm)

a. Exception:  Do not staple longitudinal laps on insulation having a vapor retarder. 

 o.c. 

4. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams 
and joints and at ends adjacent to flanges, unions, valves, and fittings. 

5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids with 
vapor-retarder mastic. 

O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof 
flashing. 

1. Seal penetrations with vapor-retarder mastic. 
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2. Apply insulation for exterior applications tightly joined to interior insulation ends. 
3. Extend metal jacket of exterior insulation outside roof flashing at least 2 inches (50 mm)

4. Seal metal jacket to roof flashing with vapor-retarder mastic. 

 
below top of roof flashing. 

P. Exterior Wall Penetrations:  For penetrations of below-grade exterior walls, terminate insulation 
flush with mechanical sleeve seal.  Seal terminations with vapor-retarder mastic. 

Q. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and floors. 

R. Fire-Rated Wall and Partition Penetrations:  Apply insulation continuously through penetrations 
of fire-rated walls and partitions. 

1. Firestopping and fire-resistive joint sealers are specified in Division 7 Section 
"Firestopping." 

3.4 MINERAL-FIBER INSULATION APPLICATION 

A. Apply insulation to straight pipes and tubes as follows: 

1. Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands without 
deforming insulation materials. 

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic.  Apply vapor retarder to ends of insulation at intervals of 15 to 20 feet 
(4.5 to 6 m)

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 
 to form a vapor retarder between pipe insulation segments. 

6 
inches (150 mm)

4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal 
tabs but secure tabs with additional adhesive as recommended by the insulation material 
manufacturer and seal with vapor-retarder mastic. 

 o.c. 

B. Apply insulation to flanges as follows: 

1. Apply preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation. 
4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping 

seams at least 1 inch (25 mm)

C. Apply insulation to fittings and elbows as follows: 

, and seal joints with vapor-retarder mastic. 

1. Apply premolded insulation sections of the same material as straight segments of pipe 
insulation when available.  Secure according to manufacturer's written instructions. 

2. When premolded insulation elbows and fittings are not available, apply mitered sections 
of pipe insulation, or glass-fiber blanket insulation, to a thickness equal to adjoining pipe 
insulation.  Secure insulation materials with wire, tape, or bands. 

3. Cover fittings with standard PVC fitting covers. 

D. Apply insulation to valves and specialties as follows: 

1. Apply premolded segments of cellular-glass insulation or glass-fiber blanket insulation to 
valve body.  Arrange insulation to permit access to packing and to allow valve operation 
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without disturbing insulation.  For check valves, arrange insulation for access to strainer 
basket without disturbing insulation.   

2. Apply insulation to flanges as specified for flange insulation application. 
3. Use preformed standard PVC fitting covers for valve sizes where available.  Secure fitting 

covers with manufacturer's attachments and accessories.  Seal seams with tape and 
vapor-retarder mastic. 

4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas 
jacket and sealing compound recommended by the insulation material manufacturer. 

3.5 CELLULAR-GLASS INSULATION APPLICATION 

A. Apply insulation to straight pipes and tubes as follows: 

1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming 
insulation materials. 

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic. 

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 
inches o.c. 

4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal 
tabs but secure with additional adhesive as recommended by the insulation material 
manufacturer and seal with vapor-retarder mastic. 

B. Apply insulation to flanges as follows: 

1. Apply preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of cellular-glass block insulation of the 
same thickness as pipe insulation. 

4. Apply canvas jacket material with manufacturer’s recommended adhesive, overlapping 
seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic. 

C. Apply insulation to fittings and elbows as follows: 

1. Apply premolded insulation sections of the same material as straight segments of pipe 
insulation when available.  Secure according to manufacturers written instructions. 

2. When premolded sections of insulation are not available, apply mitered sections of 
cellular-glass insulation.  Secure insulation materials with wire, tape, or bands. 

3. Cover fittings with heavy PVC fitting covers.  Overlap PVC covers on pipe insulation 
jackets at least 1 inch (25 mm) at each end.  Secure fitting covers with manufacturer’s 
attachments and accessories.  Seal seams with tape and vapor-retarder mastic. 

D. Apply insulation to valves and specialties as follows: 
1. Apply premolded segments of cellular-glass insulation or glass-fiber blanket insulation to 

valve body.  Arrange insulation to permit access to packing and to allow vale operation 
without disturbing insulation.  For check valves, arrange insulation for access to stainer 
basket without disturbing insulation. 

2. Apply insulation to flanges as specified for flange insulation application. 
3. Use preformed heavy PVC fitting covers for valve sizes where available.  Secure fitting 

covers with manufacturer’s attachments and accessories.  Seal seams with tape and 
vapor-retarder mastic. 
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4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas 
jacket and sealing compound recommended by the insulation material manufacturer.  

3.6 CLOSED-CELL PHENOLIC-FOAM INSUALTION APPLICATION 

A. Apply insulation to straight pipes and tubes as follows: 

1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming 
insulation materials. 

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic. 

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 
inches o.c. 

4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal 
tabs but secure with additional adhesive as recommended by the insulation material 
manufacturer and seal with vapor-retarder mastic. 

B. Apply insulation to flanges as follows: 

1. Apply preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of block insulation of the same 
thickness as pipe insulation. 

4. Apply canvas jacket material with manufacturer’s recommended adhesive, overlapping 
seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic. 

C. Apply insulation to fittings and elbows as follows: 

1. Apply premolded insulation sections of the same material as straight segments of pipe 
insulation when available.  Secure according to manufacturers written instructions. 

2. When premolded sections of insulation are not available, apply mitered sections of 
phenolic-foam insulation.  Secure insulation materials with wire, tape, or bands. 

3. Cover fittings with heavy PVC fitting covers.  Overlap PVC covers on pipe insulation 
jackets at least 1 inch (25 mm) at each end.  Secure fitting covers with manufacturer’s 
attachments and accessories.  Seal seams with tape and vapor-retarder mastic. 

D. Apply insulation to valves and specialties as follows:  
1. Apply premolded insulation sections of the same material as straight segments of pipe 

insulation when available.  Secure according to manufacturer’s written instructions. 
2. When premolded sections of insulation are not available, apply mitered sections of 

phenolic-foam insulation to valve body.  Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation.  For check valves, arrange 
insulation for access to stainer basket without distributing insulation.    

3. Apply insulation to flanges as specified for flange insulation application. 
4. Use preformed heavy PVC fitting covers for valve sizes where available.  Secure fitting 

covers with manufacturer’s attachments and accessories.  Seal seams with tape and 
vapor-retarder mastic. 

5. For larger sizes where PVC fitting covers are not available, seal insulation with canvas 
jacket and sealing compound recommended by the insulation material manufacturer.  
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3.7 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION 

A. Apply insulation to straight pipes and tubes as follows: 

1. Follow manufacturer's written instructions for applying insulation. 
2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive.  

Cement to avoid openings in insulation that will allow passage of air to the pipe surface. 

B. Apply insulation to flanges as follows: 

1. Apply pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of sheet insulation of the same 
thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive.  Cement to avoid openings in insulation that will allow passage of air to the 
pipe surface. 

C. Apply insulation to fittings and elbows as follows: 

1. Apply mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive.  

Cement to avoid openings in insulation that will allow passage of air to the pipe surface. 

D. Apply insulation to valves and specialties as follows: 

1. Apply preformed valve covers manufactured of the same material as pipe insulation and 
attached according to the manufacturer's written instructions. 

2. Apply cut segments of pipe and sheet insulation to valve body.  Arrange insulation to 
permit access to packing and to allow valve operation without disturbing insulation.  For 
check valves, fabricate removable sections of insulation arranged to allow access to 
stainer basket. 

3. Apply insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive.  Cement to avoid openings in insulation that will allow passage 
of air to the pipe surface. 

3.8 FIELD-APPLIED JACKET APPLICATION 

A. Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with factory-
applied jackets. 

1. Apply jacket smooth and tight to surface with 2-inch (50-mm)
2. Embed glass cloth between two 

 overlap at seams and joints. 
0.062-inch- (1.6-mm-)

3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation. 

 thick coats of jacket 
manufacturer's recommended adhesive. 

B. Foil and Paper Jackets:  Apply foil and paper jackets where indicated. 

1. Draw jacket material smooth and tight. 
2. Apply lap or joint strips with the same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 



15083 – PIPE INSULATION                    Page 10 of 11 

4. Apply jackets with 1-1/2-inch (40-mm) laps at longitudinal seams and 3-inch- (75-mm-)

5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation 
with vapor-retarder mastic. 

 
wide joint strips at end joints. 

C. Apply metal jacket where indicated, with 2-inch (50-mm) overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 
inches (300 mm)

3.9 PIPING SYSTEM APPLICATIONS 

 o.c. and at end joints. 

A. Insulation materials and thicknesses are specified in schedules at the end of this Section. 

B. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following 
systems, materials, and equipment: 

1. Flexible connectors. 
2. Fire-suppression piping. 
3. Drainage piping located in crawl spaces, unless otherwise indicated. 
4. Below-grade piping, unless otherwise indicated. 
5. Chrome-plated pipes and fittings, unless potential for personnel injury. 
6. Air chambers, unions, strainers, check valves, plug valves, and flow regulators. 

3.10 INTERIOR INSULATION APPLICATION SCHEDULE 

A. Service:  Domestic hot and recirculated hot water. 

1. Operating Temperature:  60 to 140 deg F (15 to 60 deg C)
2. Insulation Material:  Mineral fiber 

. 

3. Insulation Thickness:  1” thick  
4. Field-Applied Jacket:  Foil and Paper(ASJ) 
5. Vapor Retarder Required:  No 
6. Finish:  None. 

B. Service:  Condensate and equipment drain piping. 

1. Operating Temperature:  40 to 60 deg F
2. Insulation Material:  Flexible elastomeric, only on first ten feet of pipe from trap. 

  

3. Insulation Thickness:  3/4” 
4. Field-Applied Jacket:  None. 
5. Vapor Retarder Required:  No. 
6. Finish:  Two coats of the insulation manufacturer’s recommended protective coating. 

C. Service:  Refrigerant suction and hot-gas piping. 

1. Operating Temperature:  35 to 50 deg F
2. Insulation Material:  Flexible elastomeric. 

  

3. Insulation Thickness:  1” thick. 
4. Field-Applied Jacket:  Aluminum Jacket on building exterior application only. 
5. Vapor Retarder Required:  Yes. 
6. Finish:  None. 
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D. Service:  Domestic water piping. 

1. Operating Temperature:  60 to 80 deg F
2. Insulation Material:  Mineral Fiber 

  

3. Insulation Thickness:  1” thick. 
4. Field-Applied Jacket:  Foil and Paper(ASJ) 
5. Vapor Retarder Required:  Yes. 
6. Finish:  None. 

E. Service:  For obtaining fire/smoke rating in return air plenum (calbes, PE, PB, PP, ABS, PVC, 
CPVC, etc). 

1. Operating Temperature:  35 to 90 deg F
2. Insulation Material:  3M Fire Barrier Plenum Wrap 5 A or equal. 

  

3. Insulation Thickness:  larger of 1” or mfr’s recommendations. 
4. Field-Applied Jacket:  scrim reinforced foil 
5. Vapor Retarder Required:  None. 
6. Finish:  None. 

 
 

3.11 EXTERIOR INSULATION APPLICATION SCHEDULE 

A. Service:  Domestic water. 

1. Operating Temperature:  60 to 140 deg F (15 to 60 deg C)
2. Insulation Material:  Mineral fiber. 

. 

3. Insulation Thickness:  Apply the following insulation thicknesses:  1” 
4. Field-Applied Jacket:  Aluminum. 
5. Vapor Retarder Required:  Yes. 
6. Finish:  None. 

B. Service:  Refrigerant suction. 

1. Operating Temperature:  35 to 50 deg F (2 to 10 deg C)
2. Insulation Material:  Flexible elastomeric. 

. 

3. Insulation Thickness:  Apply the following insulation thicknesses:  ½” 
4. Field-Applied Jacket:  Aluminum 
5. Vapor Retarder Required:  Yes. 
6. Finish:  None. 

END OF SECTION 
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SECTION 15110 
VALVES 

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 following general-duty valves: 
1. Copper-alloy ball valves. 
2. Bronze check valves. 
3. Bronze gate valves. 
4. Cast-iron gate valves. 

B. Related Sections include the following: 

1. Division 2 piping Sections for general-duty and specialty valves for site construction 
piping. 

2. Division 13 fire-suppression piping and fire pump Sections for fire-protection valves. 
3. Division 15 Section "Mechanical Identification" for valve tags and charts. 
4. Division 15 piping Sections for specialty valves applicable to those Sections only. 

1.3 DEFINITIONS 

A. The following are standard abbreviations for valves: 

1. CWP:  Cold working pressure. 
2. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
3. NBR:  Acrylonitrile-butadiene rubber. 
4. PTFE:  Polytetrafluoroethylene plastic. 
5. SWP:  Steam working pressure. 
6. TFE:  Tetrafluoroethylene plastic. 

1.4 SUBMITTALS 

A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; valve 
design; pressure and temperature classifications; end connections; arrangement; dimensions; 
and required clearances.  Include list indicating valve and its application.  Include rated 
capacities; shipping, installed, and operating weights; furnished specialties; and accessories. 

1.5 QUALITY ASSURANCE 

A. ASME Compliance:  ASME B31.9 for building services piping valves. 
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1. Exceptions:  , sanitary waste, and storm drainage piping valves unless referenced. 

B. ASME Compliance for Ferrous Valves:  ASME B16.10 and ASME B16.34 for dimension and 
design criteria. 

C. NSF Compliance:  NSF 61 for valve materials for potable-water service. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle, gate, and globe valves closed to prevent rattling. 
4. Set ball and plug valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 

1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher than ambient dew-point temperature.  If 

outdoor storage is necessary, store valves off the ground in watertight enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use 
handwheels or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
 
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Grinnell Corporation. 
c. Hammond Valve. 
d. Milwaukee Valve Company. 
e. NIBCO INC. 
f. Red-White Valve Corp. 
g. Watts Industries, Inc.; Water Products Div. 

2.2 VALVES, GENERAL 

A. Refer to Part 3 "Valve Applications" Article for applications of valves. 

B. Bronze Valves:  NPS 2 (DN 50)

C. Ferrous Valves:  

 and smaller with threaded ends, unless otherwise indicated. 

NPS 2-1/2 (DN 65) and larger with flanged ends, unless otherwise indicated. 
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D. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system 
pressures and temperatures. 

E. Valve Sizes:  Same as upstream pipe, unless otherwise indicated. 

F. Valve Actuators: 
1. Handwheel:  For valves other than quarter-turn types. 
2. Lever Handle:  For quarter-turn valves NPS 6 (DN 150)

G. Extended Valve Stems:  On insulated valves. 

 and smaller, except plug valves. 

H. Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and 
ASME B16.24 for bronze valves. 

I. Valve Grooved Ends:  AWWA C606. 

1. Solder Joint:  With sockets according to ASME B16.18. 

a. Caution:  Use solder with melting point below 840 deg F (454 deg C) for angle, 
check, gate, and globe valves; below 421 deg F (216 deg C)

2. Threaded:  With threads according to ASME B1.20.1. 

 for ball valves. 

J. Valve Bypass and Drain Connections:  MSS SP-45. 

2.3 COPPER-ALLOY BALL VALVES 

A. Copper-Alloy Ball Valves, General:  MSS SP-110. 

B. One-Piece, Copper-Alloy Ball Valves:  Brass or bronze body with chrome-plated bronze ball, 
PTFE or TFE seats, and 400-psig (2760-kPa) minimum] [600-psig (4140-kPa)

C. Two-Piece, Copper-Alloy Ball Valves:  Brass or bronze body with full-port, chrome-plated 
bronze ball; PTFE seats; and 

] CWP rating. 

600-psig (4140-kPa)

2.4 BRONZE CHECK VALVES 

 minimum CWP rating and blowout-proof 
stem. 

A. Bronze Check Valves, General:  MSS SP-80. 

B. Type 1, Class 150, Bronze, Horizontal Lift Check Valves:  Bronze body with bronze disc and 
seat. 

C. Type 1, Class 150, Bronze, Vertical Lift Check Valves:  Bronze body with bronze disc and seat. 

2.5 BRONZE GATE VALVES 

A. Bronze Gate Valves, General:  MSS SP-80, with ferrous-alloy handwheel. 

B. Type 1, Class 125, Bronze Gate Valves:  Bronze body with nonrising stem and bronze solid 
wedge and union-ring bonnet. 
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2.6 CAST-IRON GATE VALVES 

A. Cast-Iron Gate Valves, General:  MSS SP-70, Type I. 

B. Class 125, NRS, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, 
nonrising stem, and solid-wedge disc. 

C. Class 125, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, 
rising stem, and solid-wedge disc. 

2.7 CAST-IRON PLUG VALVES 

A. Cast-Iron Plug Valves, General:  MSS SP-78. 

B. Class 125 or 150, lubricated-type, cast-iron plug valves. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine piping system for compliance with requirements for installation tolerances and other 
conditions affecting performance. 

1. Proceed with installation only after unsatisfactory conditions have been corrected. 

B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 
special packing materials, such as blocks, used to prevent disc movement during shipping and 
handling. 

C. Operate valves in positions from fully open to fully closed.  Examine guides and seats made 
accessible by such operations. 

D. Examine threads on valve and mating pipe for form and cleanliness. 

E. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper 
size, length, and material.  Verify that gasket is of proper size, that its material composition is 
suitable for service, and that it is free from defects and damage. 

F. Do not attempt to repair defective valves; replace with new valves. 

3.2 VALVE APPLICATIONS 

A. Refer to piping Sections for specific valve applications.  If valve applications are not indicated, 
use the following: 

1. Shutoff Service:  Ball, butterfly, gate, or plug valves. 
2. Throttling Service:  Ball, butterfly, or globe valves. 
3. Pump Discharge:  Swing check, lift-disc check valves. 

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves 
with higher SWP class or CWP ratings may be substituted. 
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C. Chilled-Water Piping:  Use the following types of valves: 
1. Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, 400-psig (2760-kPa)

2. Butterfly Valves, 

 CWP rating, 
copper alloy. 

NPS 2-1/2 (DN 65) and Larger:  Flanged, [150-psig (1035-kPa)] [175-
psig (1207-kPa)

3. Grooved-End, Ductile-Iron Butterfly Valves, 
] CWP rating, ferrous alloy, with EPDM liner. 

NPS 2-1/2 (DN 65) and Larger:  175-psig 
(1207-kPa)

D. Domestic Water Piping:  Use the following types of valves: 

 CWP rating. 

1. Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, [400-psig (2760-kPa)

2. Ball Valves, 

]CWP rating, 
copper alloy. 

NPS 2-1/2 (DN 65)
3. Swing Check Valves, 

 and Larger:  Class  150, ferrous alloy. 
NPS 2 (DN 50)

4. Swing Check Valves, 
 and Smaller:  Type 4, Class  [125] [150], bronze. 

NPS 2-1/2 (DN 65)
5. Gate Valves, 

 and Larger:  Type II, Class  125, gray iron. 
NPS 2 (DN 50)

6. Gate Valves, 
 and Smaller:  Type  [1] [2], Class  150] , bronze. 

NPS 2-1/2 (DN 65)

CONTROL VALVES 

 and Larger:  Type I, Class  125, bronze-mounted cast 
iron. 

 
1.  Calibrated Balancing Valves and Automatic Flow-Control Valves shall not be required on de-
vices where pressure independent control valves are installed.   

 

3.3 VALVE INSTALLATION 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install valves with unions or flanges at each piece of equipment arranged to allow service, 
maintenance, and equipment removal without system shutdown. 

C. Locate valves for easy access and provide separate support where necessary. 

D. Install valves in horizontal piping with stem at or above center of pipe. 

E. Install valves in position to allow full stem movement. 

3.4 JOINT CONSTRUCTION 

A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint 
construction. 

B. Grooved Joints:  Assemble joints with keyed coupling housing, gasket, lubricant, and bolts 
according to coupling and fitting manufacturer's written instructions. 

C. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy 
solder; and ASTM B 828 procedure, unless otherwise indicated. 

END OF SECTION 
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SECTION 15140 
DOMESTIC WATER PIPING 

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 domestic water piping from locations indicated to fixtures and equipment 
inside the building. 

B. Related Sections include the following: 

1. Division 15 Section "Plumbing Specialties" for water distribution piping specialties. 

 

C. PVC: Polyvinyl chloride plastic. 

1.3 PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing domestic water piping systems with 
the following minimum working-pressure ratings, unless otherwise indicated: 

 

1. Domestic Water Distribution Piping:  125 psig (860 kPa)

1.4 SUBMITTALS 

. 

A. Product Data:  For pipe, tube, fittings, and couplings. 

B. Field Test Reports:  Indicate and interpret test results for compliance with performance 
requirements. 

1.5 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

B. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic, potable 
domestic water piping and components.   

C. Comply with NSF 61, "Drinking Water System Components-Health Effects; Sections 1 through 
9," for potable domestic water piping and components. 

PART 2 - PRODUCTS 

2.1 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining 
materials. 

B. Transition Couplings for Aboveground Pressure Piping:  Coupling or other manufactured fitting 
the same size as, with pressure rating at least equal to and ends compatible with, piping to be 
joined. 

C. Transition Couplings for Underground Pressure Piping:  AWWA C219, metal, sleeve-type 
coupling or other manufactured fitting the same size as, with pressure rating at least equal to 
and ends compatible with, piping to be joined. 

2.2 COPPER TUBING 

A. Hard Copper Tube:  ASTM B 88, Types K and L, water tube, drawn tempered. 
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1. Copper Pressure Fittings:  ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-
copper, solder-joint fittings.  Furnish wrought-copper fittings if indicated. 

2. Bronze Flanges:  ASME B16.24, Class 150, with solder-joint end.  Furnish Class 300 
flanges if required to match piping. 

3. Copper Unions:  MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball-and-
socket, metal-to-metal seating surfaces and solder-joint or threaded ends. 

4. Copper, Grooved-End Fittings:  ASTM B 75 (ASTM B 75M)

a. Copper-Tubing, Keyed Couplings:  Copper-tube dimensions and design similar to 
AWWA C606.  Include ferrous housing sections, gasket suitable for hot water, and 
bolts and nuts. 

 copper tube or ASTM B 584 
bronze castings. 

2.4          VALVES 

A. Refer to Division 15 Section "Valves" for bronze and cast-iron, general-duty valves. 

B. Refer to Division 15 Section "Plumbing Specialties" for balancing and drain valves. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Refer to Division 2 for excavating, trenching, and backfilling. 

3.2 PIPING APPLICATIONS 

A. Transition and special fittings with pressure ratings at least equal to piping rating may be used 
in applications below, unless otherwise indicated. 

B. Flanges may be used on aboveground piping, unless otherwise indicated. 

C. Grooved joints may be used on aboveground grooved-end piping. 

D. Fitting Option:  Mechanically formed tee-branch outlets and brazed joints may be used on 
aboveground copper tubing. 

E. Aboveground Domestic Water Piping:  Use  the following piping materials for each size range: 

1. NPS 4 (DN 40) and Smaller:  Hard copper tube, Type L

F. Underground Domestic Water Piping 

; copper pressure fittings; and 
soldered joints. 

NPS 4 (DN 100) and Smaller:  Hard copper tube, Type K

3.3 VALVE APPLICATIONS 

; 
copper pressure fittings; and soldered joints. Water service larger than NPS 4 shall be PVC. 

A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the 
following requirements apply: 

1. Shutoff Duty:  Use bronze ball or gate valves for piping NPS 2 (DN 50) and smaller.  Use 
cast-iron butterfly or gate valves with flanged ends for piping NPS 2-1/2 (DN 65)

2. Throttling Duty:  Use bronze ball or globe valves for piping 

 and 
larger. 

NPS 2 (DN 50) and smaller.  
Use cast-iron butterfly valves with flanged ends for piping NPS 2-1/2 (DN 65)

3. Hot-Water-Piping, Balancing Duty:  Calibrated balancing valves. 

 and larger. 

4. Drain Duty:  Hose-end drain valves. 

B. Cast-iron, grooved-end valves may be used with grooved-end piping. 

3.4 PIPING INSTALLATION 

A. Refer to Division 2 for site water distribution and service piping. 
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B. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping 
installation. 

C. Extend domestic water service piping to exterior water distribution piping in sizes and locations 
indicated. 

D. Install underground copper tubing according to CDA's "Copper Tube Handbook." 

E. Install underground PVC piping according to ASTM D 2774 and ASTM F 645.  Install buried 
piping inside building between wall and floor penetrations and connection to water service 
piping outside building with restrained joints.  Anchor pipe to wall or floor.  Install thrust-block 
supports at vertical and horizontal offsets. 

F. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe 
penetration through foundation wall.  Select number of interlocking rubber links required to 
make installation watertight.  Refer to Division 15 Section "Basic Mechanical Materials and 
Methods" for sleeves and mechanical sleeve seals. 

G. Install wall penetration system at each service pipe penetration through foundation wall.  Make 
installation watertight.  Refer to Division 15 Section "Basic Mechanical Materials and Methods" 
for wall penetration systems. 

H. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve, 
inside building at each domestic water service.  Refer to Division 15 Section "Meters and 
Gages" for pressure gages, and to Division 15 Section "Plumbing Specialties" for drain valves 
and strainers. 

I. Install water-pressure regulators downstream from shutoff valves.  Refer to Division 15 
Section "Plumbing Specialties" for water-pressure regulators. 

J. Fill water piping.  Check components to determine that they are not air bound and that piping is 
full of water. 

K. Perform the following steps before operation: 

1. Close drain valves, hydrants, and hose bibbs. 

2. Open shutoff valves to fully open position. 

3. Open throttling valves to proper setting. 

4. Remove plugs used during testing of piping and plugs used for temporary sealing of 
piping during installation. 

L. Check plumbing equipment and verify proper settings, adjustments, and operation.  Do not 
operate water heaters before filling with water. 

3.5 JOINT CONSTRUCTION 

A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint 
construction. 

B. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy 
solder; and ASTM B 828 procedure, unless otherwise indicated. 

C. Grooved Joints:  Assemble joints with keyed-coupling housing, gasket, lubricant, and bolts 
according to coupling and fitting manufacturer's written instructions. 

D. Mechanically Formed Outlets:  Form tee in copper tube according to equipment manufacturer's 
written instructions.  Use tool designed for copper tube; drill pilot hole, form collar for outlet, 
dimple tube to form seating stop, and braze branch tube into collar. 

3.6 VALVE INSTALLATION 
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A. Install shutoff valve on each water supply to equipment and on each water supply to plumbing 
fixtures without supply stops.  Use ball or gate valves for piping NPS 2 (DN 50) and smaller.  
Use butterfly or gate valves for piping NPS 2-1/2 (DN 65)

B. Install calibrated balancing valves in each hot-water circulation return branch and discharge 
side of each pump and circulator.  Set calibrated balancing valves partly open to restrict but not 
stop flow.  Refer to Division 15 Section "Plumbing Specialties" for calibrated balancing valves. 

 and larger. 

3.7 HANGER AND SUPPORT INSTALLATION 

A. Refer to Division 15 Section "Hangers and Supports" for pipe hanger and support devices.  
Install the following: 

1. Vertical Piping:  MSS Type 8 or Type 42, clamps. 

2. Individual, Straight, Horizontal Piping Runs:  According to the following: 

a. 100 Feet (30 m)

b. Longer Than 

 and Less:  MSS Type 1, adjustable, steel clevis hangers. 

100 Feet (30 m)

c. Longer Than 

:  MSS Type 43, adjustable roller hangers. 

100 Feet (30 m)

3. Multiple, Straight, Horizontal Piping Runs 

, if Indicated:  MSS Type 49, spring cushion rolls. 

100 Feet (30 m)

4. Base of Vertical Piping:  MSS Type 52, spring hangers. 

 or Longer:  MSS Type 44, pipe 
rolls.  Support pipe rolls on trapeze. 

B. Install supports according to Division 15 Section "Hangers and Supports." 

C. Support vertical piping and tubing at base and at each floor. 

D. Rod diameter may be reduced 1 size for double-rod hangers, to a minimum of 3/8 inch (10 mm)

E. Install hangers for copper tubing with the following maximum horizontal spacing and minimum 
rod diameters: 

. 

  

 1. NPS 3/4 (DN 20) and Smaller:  60 inches (1500 mm) with 3/8-inch (10-mm) rod 

2. NPS 1 and NPS-1-1/4 (DN 25 and DN 32): 72 inches (1800 mm) with 3/8-inch 
(10mm) Rod. 

3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 96 inches (2400 mm) with 3/8-inch 
(10mm) rod. 

4. NPS 2-1/2 (DN 65):  108 inches (2700 mm) with 1/2-inch (13 mm) rod. 

5. NPS 3 to NPS 5 (DN 80 to DN 125):  10 feet (3 m) with 1/2-inch (13 mm) rod. 

6. NPS 6 (DN 150):  10 feet (3 m) with 5/8-inch (16-mm) rod. 

7. NPS 8 (DN 200):  10 feet (3 m) with 3/4-inch (19-mm) rod. 

 

G. Install supports for vertical copper tubing every 10 feet (3m). 

3.8 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment and machines to allow service and maintenance. 

C. Connect domestic water piping to exterior water service piping.  Use transition fitting to join 
dissimilar piping materials. 

D. Connect domestic water piping to service piping with shutoff valve, and extend and connect to 
the following: 
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1. Water Heaters:  Cold-water supply and hot-water outlet piping in sizes indicated, but not 
smaller than sizes of water heater connections. 

2. Plumbing Fixtures:  Cold- and hot-water supply piping in sizes indicated, but not smaller 
than required by plumbing code.  Refer to Division 15 Section "Plumbing Fixtures." 

3. Equipment:  Cold- and hot-water supply piping as indicated, but not smaller than 
equipment connections.  Provide shutoff valve and union for each connection.  Use 
flanges instead of unions for NPS 2-1/2 (DN 65)

3.9 FIELD QUALITY CONTROL 

 and larger. 

A. Inspect domestic water piping as follows: 

1. Do not enclose, cover, or put piping into operation until it is inspected and approved by 
authorities having jurisdiction. 

2. During installation, notify authorities having jurisdiction at least 24 hours before inspection 
must be made.  Perform tests specified below in presence of authorities having 
jurisdiction: 

a. Roughing-in Inspection:  Arrange for inspection of piping before concealing or 
closing-in after roughing-in and before setting fixtures. 

b. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to 
observe tests specified below and to ensure compliance with requirements. 

3. Reinspection:  If authorities having jurisdiction find that piping will not pass test or 
inspection, make required corrections and arrange for reinspection. 

4. Reports:  Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

B. Test domestic water piping as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have been 
altered, extended, or repaired.  If testing is performed in segments, submit separate 
report for each test, complete with diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced domestic water 
piping until it has been tested and approved.  Expose work that was covered or 
concealed before it was tested. 

3. Cap and subject piping to static water pressure of 50 psig (345 kPa)

4. Repair leaks and defects with new materials and retest piping or portion thereof until 
satisfactory results are obtained. 

 above operating 
pressure, without exceeding pressure rating of piping system materials.  Isolate test 
source and allow to stand for four hours.  Leaks and loss in test pressure constitute 
defects that must be repaired. 

5. Prepare reports for tests and required corrective action. 

3.10 ADJUSTING 

A. Adjust balancing valves in hot-water-circulation return piping to provide adequate flow. 

1. Manually adjust ball-type balancing valves in hot-water-circulation return piping to provide 
flow of hot water in each branch. 

2. Adjust calibrated balancing valves to flows indicated. 

3.11 CLEANING 

A. Clean and disinfect potable domestic water piping as follows: 
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1. Purge new piping and parts of existing domestic water piping that have been 
altered, extended, or repaired before using. 

2. Use purging and disinfecting procedures prescribed by authorities having 
jurisdiction or, if methods are not prescribed, procedures described in either 
AWWA C651 or AWWA C652 or as described below: 

a. Flush piping system with clean, potable water until dirty water does not 
appear at outlets. 

b. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 50 
ppm (50 mg/L)

2) Fill system or part thereof with water/chlorine solution with at least 

 of chlorine.  Isolate with valves and allow to stand for 24 
hours. 

200 
ppm (200 mg/L)

c. Flush system with clean, potable water until no chlorine is in water coming 
from system after the standing time. 

 of chlorine.  Isolate and allow to stand for three hours. 

d. Submit water samples in sterile bottles to authorities having jurisdiction.  
Repeat procedures if biological examination shows contamination. 

B. Prepare and submit reports of purging and disinfecting activities. 

C. Clean interior of domestic water piping system.  Remove dirt and debris as work 
progresses. 

END OF SECTION 
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SECTION 15150 
SANITARY WASTE AND VENT PIPING 

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 soil and waste, sanitary drainage and vent piping inside the building and 
to locations indicated. 

B. Related Sections include the following: 
1. Division 15 Section "Plumbing Specialties" for soil, waste, and vent piping systems 

specialties. 

1.3 DEFINITIONS 

A. The following are industry abbreviations for plastic piping materials: 
1. PVC:  Polyvinyl chloride plastic. 

1.4 PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing piping systems with the following 
minimum working-pressure ratings, unless otherwise indicated: 

1. Soil, Waste, and Vent Piping:  10-foot head of water (30 kPa)

1.5 SUBMITTALS 

. 

A. Product Data:  For pipe, tube, fittings, and couplings. 

B. Shop Drawings:  For sovent drainage system, include plans, elevations, sections, and details. 

C. Field Test Reports:  Indicate and interpret test results for compliance with performance 
requirements. 

1.6 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

PART 2 - PRODUCTS 
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2.1 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining 
materials. 

B. Flexible Transition Couplings for Underground Nonpressure Piping:  ASTM C 1173 with 
elastomeric sleeve.  Include ends of same sizes as piping to be joined and include corrosion-
resistant metal band on each end. 

2.2 PVC PIPING 

A. PVC Pipe:  ASTM D 2665, solid-wall drain, waste, and vent. 

1. PVC Socket Fittings:  ASTM D 2665, socket type, made to ASTM D 3311, drain, waste, 
and vent patterns. 

B. PVC Special Fittings:  ASTM F 409, drainage-pattern tube and tubular fittings with ends as 
required for application. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Refer to Division 2 Section "Earthwork" for excavating, trenching, and backfilling. 

3.2 PIPING APPLICATIONS 

A. Transition and special fittings with pressure ratings at least equal to piping pressure ratings may 
be used in applications below, unless otherwise indicated. 

B. Flanges may be used on aboveground pressure piping, unless otherwise indicated. 

C. Aboveground, Soil, Waste, and Vent Piping:  Use  the following piping materials for each size 
range: 
 
1. NPS 1-1/4 and NPS 1-1/2 (DN 32 and DN 40)

2. 

:  PVC pipe, PVC socket fittings, and 
solvent-cemented joints. 
NPS 2 to NPS 4 (DN 50 to DN 100)

3. 

:  PVC pipe, PVC socket fittings, and solvent-
cemented joints. 
NPS 5 and NPS 6 (DN 125 and DN 150):  Use NPS 6 (DN 150)

D. Underground, Soil, Waste, and Vent Piping:  Use the following piping materials for each size 
range: 

 PVC pipe, PVC socket 
fittings, and solvent-cemented joints. 

1. NPS 2 to NPS 4 (DN 50 to DN 100)

2. 

:  PVC pipe, PVC socket fittings, and solvent-
cemented joints. 
NPS 5 and NPS 6 (DN 125 and DN 150)

3.3 PIPING INSTALLATION 

:  PVC pipe, PVC socket fittings, and solvent-
cemented joints. 
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A. Refer to Division 2 Section "Sanitary Sewerage" for Project-site sanitary sewer piping. 

B. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping 
installation. 

C. Install cleanouts at grade and extend to where building sanitary drains connect to building 
sanitary sewers. 

D. Install cleanout fitting with closure plug inside the building in sanitary force-main piping. 

1. Encase piping with PE film according to ASTM A 674 or AWWA C105. 

E. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe 
penetration through foundation wall.  Select number of interlocking rubber links required to 
make installation watertight.  Refer to Division 15 Section "Basic Mechanical Materials and 
Methods" for sleeves and mechanical sleeve seals. 

F. Make changes in direction for soil and waste drainage and vent piping using appropriate 
branches, bends, and long-sweep bends.  Sanitary tees and short-sweep ¼ bends may be used 
on vertical stacks if change in direction of flow is from horizontal to vertical.  Use long-turn, 
double Y-branch and 1/8- bend fittings if 2 fixture are installed back to back or side by side with 
common drain pipe.  Straight tees, elbows, and crosses may be used on vent lines.  Do not 
change direction of flow more than 90 degrees.  Use proper size of standard increasers and 
reducers if pipes of different sizes are connected.  Reducing size of drainage piping in direction 
of flow is prohibited. 

G. Lay buried building drainage piping beginning at low point of each system.  Install true to grades 
and alignment indicated, with unbroken continuity of invert.  Place hub ends of piping upstream.  
Install required gaskets according to manufacturer's written instructions for use of lubricants, 
cements, and other installation requirements.  Maintain swab in piping and pull past each joint 
as completed. 

H. Re-verify building drainage piping slope before covering pipe in trench if left uncovered over a 
24 hour period of subjected to exterior water.  If slope of piping has changed, provide new 
shoring material to maintain original slope after trench has been covered. 

I. Install soil and waste drainage and vent piping at the code required minimum slopes, unless 
otherwise indicated: 

J. Install engineered soil and waste drainage and vent piping systems in locations indicated and 
as follows: 

1. Combination Waste and Vent:  Comply with standards of authorities having jurisdiction. 
2. Cast-Iron, Sovent, Single Stack:  Comply with ASSE 1043 and sovent fitting 

manufacturer's written installation instructions. 
3. Reduced-Size Venting:  Comply with standards of authorities having jurisdiction. 

K. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-grade if 
slab is without membrane waterproofing. 

L. Install PVC soil and waste drainage and vent piping according to ASTM D 2665. 

M. Install underground PVC soil and waste drainage piping according to ASTM D 2321. 
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N. Do not enclose, cover, or put piping into operation until it is inspected and approved by 
authorities having jurisdiction. 

3.4 JOINT CONSTRUCTION 

A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint 
construction. 

B. PVC Nonpressure Piping Joints:  Join piping according to ASTM D 2665. 

3.5 HANGER AND SUPPORT INSTALLATION 

A. Refer to Division 15 Section "Hangers and Supports" for pipe hanger and support devices.  
Install the following: 

1. Vertical Piping:  MSS Type 8 or Type 42, clamps. 
2. Individual, Straight, Horizontal Piping Runs:  According to the following: 

a. 100 Feet (30 m)
b. Longer Than 

 and Less:  MSS Type 1, adjustable, steel clevis hangers. 
100 Feet (30 m)

c. Longer Than 
:  MSS Type 43, adjustable roller hangers. 

100 Feet (30 m)

3. Multiple, Straight, Horizontal Piping Runs 

, if Indicated:  MSS Type 49, spring cushion rolls. 

100 Feet (30 m)

4. Base of Vertical Piping:  MSS Type 52, spring hangers. 

 or Longer:  MSS Type 44, pipe 
rolls.  Support pipe rolls on trapeze. 

B. Install supports according to Division 15 Section "Hangers and Supports." 

C. Support vertical piping and tubing at base and at each floor. 

D. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch (10-mm)

J. Install hangers for PVC piping with the following maximum horizontal spacing and minimum rod 
diameters: 

 minimum 
rods. 

1.  NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 48 inches (1200 mm) with 3/8-inch (10-mm) 
rod. 

2.  NPS 3 (DN 80):    48 inches (1200 mm) with ½-inch (13-mm) rod. 
3.  NPS 4 and NPS 5 (DN 100 and DN 125):  48 inches (1200 mm) with 5/8-inch (16-mm) 

rod. 
4.  NPS 6 (DN 150):  48 inches (1200 mm) with ¾-inch (19-mm) rod. 
5.  NPS 8 to NPS 12 (DN 200 to DN 300): (1200 mm) with 7/8-inch (22-mm) rod. 

K. Install supports for vertical PVC piping every 48 inches (1200 mm). 

L. Support piping and tubing not listed above according to MSS SP-69 and manufacturer’s written 
instructions.  

3.6 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 
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B. Connect soil and waste piping to exterior sanitary sewerage piping.  Use transition fitting to join 
dissimilar piping materials. 

C. Connect drainage and vent piping to the following: 

1. Plumbing Fixtures:  Connect drainage piping in sizes indicated, but not smaller than 
required by plumbing code.  Refer to Division 15 Section "Plumbing Fixtures." 

2. Plumbing Fixtures and Equipment:  Connect atmospheric vent piping in sizes indicated, 
but not smaller than required by authorities having jurisdiction. 

3. Plumbing Specialties:  Connect drainage and vent piping in sizes indicated, but not 
smaller than required by plumbing code.  Refer to Division 15 Section "Plumbing 
Specialties." 

4. Equipment:  Connect drainage piping as indicated.  Provide shutoff valve, if indicated, 
and union for each connection.  Use flanges instead of unions for connections NPS 2-1/2 
(DN 65)

3.7 FIELD QUALITY CONTROL 

 and larger. 

A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must 
be made.  Perform tests specified below in presence of authorities having jurisdiction. 

1. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in 
after roughing-in and before setting fixtures. 

2. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to observe 
tests specified below and to ensure compliance with requirements. 

B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, 
make required corrections and arrange for reinspection. 

C. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction. 

D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction 
or, in absence of published procedures, as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have been 
altered, extended, or repaired.  If testing is performed in segments, submit separate 
report for each test, complete with diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage and 
vent piping until it has been tested and approved.  Expose work that was covered or 
concealed before it was tested. 

3. Roughing-in Plumbing Test Procedure:  Test drainage and vent piping, except outside 
leaders, on completion of roughing-in.  Close openings in piping system and fill with water 
to point of overflow, but not less than 10-foot head of water (30 kPa)

4. Finished Plumbing Test Procedure:  After plumbing fixtures have been set and traps filled 
with water, test connections and prove they are gastight and watertight.  Plug vent-stack 
openings on roof and building drains where they leave building.  Introduce air into piping 
system equal to pressure of 

.  From 15 minutes 
before inspection starts to completion of inspection, water level must not drop.  Inspect 
joints for leaks. 

1-inch wg (250 Pa)

5. Repair leaks and defects with new materials and retest piping, or portion thereof, until 
satisfactory results are obtained. 

.  Use U-tube or manometer inserted in 
trap of water closet to measure this pressure.  Air pressure must remain constant without 
introducing additional air throughout period of inspection.  Inspect plumbing fixture 
connections for gas and water leaks. 
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6. Prepare reports for tests and required corrective action. 

3.8 CLEANING 

A. Clean interior of piping.  Remove dirt and debris as work progresses. 

B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and 
to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

END OF SECTION 
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SECTION 15190 
 

SYSTEM IDENTIFICATION AND PIPE MARKING 
 
PART 1 - GENERAL 
 
1.01 GENERAL REQUIREMENTS 
 

A. The requirements of the General Conditions and Supplementary Conditions apply to all 
work herein. 

 
B. The Basic Materials and Methods, Section 15050, are included as a part of this Section 

as though written in full in this document. 
 
1.02 SCOPE 
 

Scope of the Work shall include the furnishing and complete installation of the equipment covered 
by this Section, with all auxiliaries, ready for owner's use. 

 
1.03 Refer to Architectural Sections for additional requirements. 
 
PART 2 - PRODUCTS 
 
2.01 VALVE AND PIPE IDENTIFICATION 
 

A. Valves: 
 

1. All valves shall be identified with a 1-1/2" diameter brass disc wired onto the 
handle.  The disc shall be stamped with 1/2" high depressed black filled 
identifying numbers.  These numbers shall be numerically sequenced for all 
valves on the job. 

 
2. The number and description indicating make, size, model number and service of 

each valve shall be listed in proper operational sequence, properly typewritten.  
Three copies to be turned over to Owner at completion. 

 
3. Tags shall be fastened with approved meter seal and 4 ply 0.018 smooth copper 

wire.  Tags and fastenings shall be manufactured by the Seton Name Plate 
Company or approved equal. 

 
4. All valves shall be numbered serially with all valves of any one system and/or 

trade grouped together. 
 

B. Pipe Marking: 
 

1. All interior visible piping located in accessible spaces such as above accessible 
ceilings, equipment rooms, attic space, under floor spaces, etc., shall be 
identified with all temperature pipe markers as manufactured by W.H. Brady 
Company, 431 West Rock Ave., New Haven, Connecticut, or approved equal. 

 
2. All exterior visible piping shall be identified with UV and acid resistant outdoor 

grade acrylic plastic markers as manufactured by Set Mark distributed by Seton 
nameplate company.  Factory location 20 Thompson Road, Branford, 
Connecticut, or approved equal. 

 
3. Generally, markers shall be located on each side of each partition, on each side 
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of each tee, on each side of each valve and/or valve group, on each side of each 
piece of equipment, and, for straight runs, at equally spaced intervals not to 
exceed  75 feet.  In congested area, marks shall be placed on each pipe at the 
points where it enters and leaves the area and at the point of connection of each 
piece of equipment and automatic control valve.  All markers shall have 
directional arrows. 

 
4. Markers shall be installed after final painting of all piping and equipment and in 

such a manner that they are visible from the normal maintenance position.  
Manufacturer's installation instructions  shall be closely followed.  

 
5. Markers shall be colored as indicated below per ANSI/OSHA Standards: 

 
SYSTEM COLOR LEGEND
Chilled Water  Green Chilled Water Supply 

   

Chilled Water Return 
 

Sanitary Sewer Green Vent  
Sanitary Sewer 

 
Storm Drain Green Storm Drain     

 
Domestic Water Green Domestic Water      

 
Domestic Hot Water Yellow Domestic Hot  
Supply  Water Supply    

 
Domestic Hot Water Yellow Domestic Hot 
Recirculating  Water Return 

 
Fire Protection Red Fire Protection  

 
Automatic Red Fire  
Sprinkler  Sprinkler 

 
Gas Yellow Natural Gas  

 
Condenser Water Green Condenser Water 

Supply 
Condenser Water 
Return 

 
Compressed Air Blue Compressed Air 

 
Pneumatic Control Yellow Pneumatic Controls 

 
Oxygen Yellow Oxygen 

 
Nitrogen Green Nitrogen 

 
Deionized Water Green Deionized Water 

 
Steam Yellow Steam Supply 

Steam Return 
 

C. Pipe Painting: 
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1. All piping exposed to view shall be painted as indicated or as directed by the 

Architect in the field.  Confirm all color selections with Architect prior to 
installation. 

 
2. The entire fire protection piping system shall be painted red. 

 
3. All piping located in mechanical rooms and exterior piping shall be painted as 

indicated below: 
 

System 
Storm Sewer White 

Color 

Sanitary Sewer Waste and Vent Light Gray 
Domestic Cold Water Dark Blue 
Domestic Hot Water Supply and Return Orange 
Condenser Water Supply and Return Light Green 
Gas Yellow 
Chilled Water Supply and Return Light Blue 
Heating Hot Water Supply and Return Reddish Orange 
 

PART 3 - EXECUTION 
 
3.01 All labeling equipment shall be installed as per manufacturers printed installation instructions. 
 
3.02 All items required for a complete and proper installation are not necessarily indicated on the plans 

or in the specifications.  Contractors price shall include all items required as per manufacturers' 
requirements. 

 
3.03 All piping shall be cleaned of rust, dirt, oil and all other contaminants prior to painting.  Install 

primer and a quality latex paint over all surfaces of pipe. 
 
 

END OF SECTION 
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SECTION 15410 
PLUMBING FIXTURES 

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 plumbing fixtures and related components. 

B. Related Sections include the following: 
1. Division 15 Section "Drinking Fountains and Water Coolers." 
2. Division 15 Section "Plumbing Specialties" for backflow preventers and specialty fixtures 

not in this Section. 

1.3 DEFINITIONS 

A. Accessible Fixture:  Plumbing fixture that can be approached, entered, and used by people with 
disabilities. 

B. Fitting:  Device that controls flow of water into or out of plumbing fixture.  Fittings specified in 
this Section include supplies and stops, faucets and spouts, shower heads and tub spouts, 
drains and tailpieces, and traps and waste pipes.  Piping and general-duty valves are included 
where indicated. 

1.4 SUBMITTALS 

A. Product Data:  Include selected fixture and trim, fittings, accessories, appliances, 
appurtenances, equipment, and supports and indicate materials and finishes, dimensions, 
construction details, and flow-control rates for each type of fixture indicated. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain plumbing fixtures, faucets, and other components of each category 
through one source from a single manufacturer. 

1. Exception:  If fixtures, faucets, or other components are not available from a single 
manufacturer, obtain similar products from other manufacturers specified for that 
category. 

B. Regulatory Requirements:  Comply with requirements in U.S. Architectural & Transportation 
Barriers Compliance Board's "Uniform Federal Accessibility Standards (UFAS), 1985-494-187" 
about plumbing fixtures for people with disabilities. 
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C. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy Policy 
Act," about water flow and consumption rates for plumbing fixtures. 

D. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for 
fixture materials that will be in contact with potable water. 

E. TAS:  Texas Accessibility Standards. 

1.6 COORDINATION 

A. Coordinate roughing-in and final plumbing fixture locations, and verify that fixtures can be 
installed to comply with original design and referenced standards. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. For fixture descriptions in other Part 2 articles where the subparagraph titles  "Products," and 
"Manufacturers" introduce a list of manufacturers and their products or manufacturers only, the 
following requirements apply for product selection: 
 
1. Products:  Subject to compliance with requirements, provide one of the products 

specified in other Part 2 articles. 

2.2 LAVATORY FAUCETS 

A. Lavatory Faucet:  Include hot- and cold-water indicators; coordinate faucet inlets with supplies 
and fixture holes and outlet with spout and fixture receptor. 
1. Products: 

a. American Standard. 
b. Eljer. 
c. Kohler. 

2.3 SHOWER FAUCETS 

A. Shower Faucet:  Include hot- and cold-water indicators; tub spout; and shower head, arm, and 
flange.  Coordinate faucet inlets with supplies and outlet with diverter valve. 
1. Manufacturers: 

a. American Standard. 
b. Eljber. 
c. Kohler. 

2.4 SINK FAUCETS 

A. Sink Faucet:  Include hot- and cold-water indicators; coordinate faucet inlets with supplies and 
fixture holes and outlet with spout and fixture receptor. 
1. Manufacturers: 
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a. American Standard. 
b. Eljer 
c. Kohler. 

2.5 TOILET SEATS 

A. Toilet Seat:  Solid plastic. 
1. Manufacturers: 

a. Bemis. 
b. Beneke. 
c. Centoco. 
d. Church. 

2.6 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Guard, Manufactured, plastic enclosure for covering for hot- and cold-water 
supplies and trap and drain piping and complying with ADA requirements. 
1. Manufacturers: 

a. Engineered Brass Co. 
b. Plumerex 
c. Truebro. 

2.7 FIXTURE SUPPORTS 

A. Water-Closet Support:  Water-closet combination carrier designed for accessible and standard 
mounting heights.  Include single or double, vertical or horizontal, hub-and-spigot or hubless 
waste fitting as required for piping arrangement; faceplates; couplings with gaskets; feet; and 
fixture bolts and hardware matching fixture.  Include additional extension coupling, faceplate, 
and feet for installation in wide pipe space. 
1. Manufacturers: 

a. Mifab 
b. Josam. 
c. Wade. 
d. Zurn 
 

B. Urinal Support:  Type I, urinal carrier with fixture support plates and coupling with seal and 
fixture bolts and hardware matching fixture.  Include steel uprights with feet. 
1. Manufacturers: 

a. Josam. 
b. J.R. Smith 
c. Zurn. 

2. Accessible Fixture Support:  Include rectangular steel uprights. 

C. Lavatory Support:  Type II, lavatory carrier with concealed arms and tie rod.  Include steel 
uprights with feet. 
1. Manufacturers: 
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a. Josam. 
b. J.R. Smith 
c. Zurn. 

2. Accessible Fixture Support:  Include rectangular steel uprights. 

D. Sink Support:  Type II, sink carrier with hanger plate, bearing studs, and tie rod.  Include steel 
uprights with feet. 
1. Manufacturers: 

a. Josam. 
b. J.R. Smith 
c. Zurn. 

2.8 WATER CLOSETS 

A. Water Closets:  Accessible, wall-hanging, back-outlet, vitreous-china fixture designed for 
flushometer valve operation. 
1. Products: 

a. American Standard, Inc. 
b. Kohler Co. 
c. TOTO USA, Inc. 

B. Water Closets:  Accessible, floor mounting, floor-outlet, vitreous-china fixture designed for 
flushometer valve operation. 
1. Products: 

a. American Standard, Inc. 
b. Kohler Co. 
c. TOTO USA, Inc. 

2.9 URINALS 

A. Urinals,:  Accessible, wall-hanging, back-outlet, vitreous-china fixture designed for flushometer 
valve operation. 
1. Products: 

a. American Standard, Inc. 
b. Kohler Co. 
c. TOTO USA, Inc. 

2.10 LAVATORIES, SINKS 

A. Lavatories,:  Accessible, wall hanging, vitreous-china fixture. 
1. Products: 

 
a. American Standard, Inc. 
b. Kohler Co. 
c. Toto 
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2.11 KITCHEN SINKS 

A. Kitchen Sinks:  Commercial, counter-mounting, stainless-steel fixture. 
1. Products: 

 
a. Elkay Manufacturing Co. 
b. Just Manufacturing Co. 

2.12 SERVICE SINKS 

A. Service Sinks:  Floor-mounting, enameled, sink with front apron, raised back, and coated, wire 
rim guard. 
1. Products: 

a. Commercial Enameling Co. 
b. Kohler Co. 
c. Fiat 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for water soil and for waste piping systems and supports to verify actual 
locations and sizes of piping connections and that locations and types of supports match those 
indicated, before plumbing fixture installation.  Use manufacturer's roughing-in data if roughing-
in data are not indicated. 

B. Examine walls, floors, and cabinets for suitable conditions where fixtures are to be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FIXTURE INSTALLATION 

A. Assemble fixtures, trim, fittings, and other components according to manufacturers' written 
instructions. 

B. For wall-hanging fixtures, install off-floor supports affixed to building substrate. 

1. Use carrier supports with waste fitting and seal for back-outlet fixtures. 
2. Use chair-type carrier supports with rectangular steel uprights for accessible fixtures. 

C. Install back-outlet, wall-hanging fixtures onto waste fitting seals and attach to supports. 

D. Install floor-mounting fixtures on closet flanges or other attachments to piping or building 
substrate. 

E. Install wall-hanging fixtures with tubular waste piping attached to supports. 

F. Install floor-mounting, back-outlet water closets attached to building floor substrate and wall 
bracket and onto waste fitting seals. 
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G. Install counter-mounting fixtures in and attached to casework. 

H. Install fixtures level and plumb according to manufacturers' written instructions and roughing-in 
drawings. 

I. Install water-supply piping with stop on each supply to each fixture to be connected to water 
distribution piping.  Attach supplies to supports or substrate within pipe spaces behind fixtures.  
Install stops in locations where they can be easily reached for operation. 

1. Exception:  Use ball, gate, or globe valve if stops are not specified with fixture.  Refer to 
Division 15 Section "Valves" for general-duty valves. 

J. Install trap and tubular waste piping on drain outlet of each fixture to be directly connected to 
sanitary drainage system. 

K. Install tubular waste piping on drain outlet of each fixture to be indirectly connected to drainage 
system. 

L. Install flushometer valves for accessible water closets and urinals with handle mounted on wide 
side of compartment.  Install other actuators in locations that are easy for people with disabilities 
to reach. 

M. Install toilet seats on water closets. 

N. Install faucet-spout fittings with specified flow rates and patterns in faucet spouts if faucets are 
not available with required rates and patterns.  Include adapters if required. 

O. Install water-supply, flow-control fittings with specified flow rates in fixture supplies at stop 
valves. 

P. Install faucet, flow-control fittings with specified flow rates and patterns in faucet spouts if 
faucets are not available with required rates and patterns.  Include adapters if required. 

Q. Install traps on fixture outlets. 

R. Install escutcheons at piping wall ceiling penetrations in exposed, finished locations and within 
cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding fittings.  
Refer to Division 15 Section "Basic Mechanical Materials and Methods" for escutcheons. 

S. Seal joints between fixtures and walls, floors, and counters using sanitary-type, one-part, 
mildew-resistant, silicone sealant.  Match sealant color to fixture color.  Refer to Division 7 
Section "Joint Sealants" for sealant and installation requirements. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Connect water supplies from water distribution piping to fixtures. 

C. Connect drain piping from fixtures to drainage piping. 
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D. Supply and Waste Connections to Plumbing Fixtures:  Connect fixtures with water supplies, 
stops, risers, traps, and waste piping.  Use size fittings required to match fixtures.  Connect to 
plumbing piping. 

E. Supply and Waste Connections to Fixtures and Equipment Specified in Other Sections:  
Connect fixtures and equipment with water supplies, stops, risers, traps, and waste piping 
specified.  Use size fittings required to match fixtures and equipment.  Connect to plumbing 
piping. 

F. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  If manufacturer's torque values are not indicated, use those 
specified in UL 486A and UL 486B. 

3.4 FIELD QUALITY CONTROL 

A. Verify that installed fixtures are categories and types specified for locations where installed. 

B. Check that fixtures are complete with trim, faucets, fittings, and other specified components. 

C. Inspect installed fixtures for damage.  Replace damaged fixtures and components. 

D. Test installed fixtures after water systems are pressurized for proper operation.  Replace 
malfunctioning fixtures and components, then retest.  Repeat procedure until units operate 
properly. 

3.5 ADJUSTING 

A. Operate and adjust faucets and controls.  Replace damaged and malfunctioning fixtures, 
fittings, and controls. 

B. Adjust water pressure at faucets, shower valves, and flushometer valves to produce proper flow 
and stream. 

C. Replace washers and seals of leaking and dripping faucets and stops. 

3.6 CLEANING 

A. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning methods 
and materials.  Do the following: 

1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall strainers 
and spouts. 

2. Remove sediment and debris from drains. 

3.7 PROTECTION 

A. Provide protective covering for installed fixtures and fittings. 

B. Do not allow use of fixtures for temporary facilities unless approved in writing by Owner. 
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END OF SECTION 
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SECTION 15415 
DRINKING FOUNTAINS AND WATER COOLERS 

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 following: 

1. Drinking fountains. 
2. Self-contained water coolers. 
3. Fixture supports. 

1.3 DEFINITIONS 

A. Accessible Drinking Fountain and Water Cooler:  Fixture that can be approached and used by 
people with disabilities. 

B. Drinking Fountain:  Fixture with nozzle for delivering stream of water for drinking. 

C. Fitting:  Device that controls flow of water into or out of fixture. 

D. Fixture:  Drinking fountain or water cooler, unless one is specifically indicated. 

E. Water Cooler:  Electrically powered fixture for generating and delivering cooled drinking water. 

1.4 SUBMITTALS 

A. Product Data:  Include rated capacities; shipping, installed, and operating weights; furnished 
specialties; and accessories for each type of fixture indicated. 

B. Shop Drawings:  Diagram power, signal, and control wiring and differentiate between 
manufacturer-installed and field-installed wiring. 

C. Maintenance Data:  For fixtures to include in maintenance manuals specified in Division 1. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 
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B. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and Usable 
Buildings and Facilities" about fixtures for people with disabilities. 

C. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for 
fixture materials that will be in contact with potable water. 

D. ARI Standard:  Comply with ARI 1010, "Self-Contained, Mechanically Refrigerated Drinking-
Water Coolers," for water coolers and with ARI's "Directory of Certified Drinking Water Coolers" 
for type and style classifications. 

E. TAS:  Texas Accessibility Standards. 

1.6 COORDINATION 

A. Coordinate roughing-in and final fixture locations, and verify that fixtures can be installed to 
comply with original design and referenced standards. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the 
manufacturers specified below. 
 
1. Elkay. 
2. Halsey Taylor. 
3. Haws Corporation. 

2.2 DRINKING FOUNTAINS 

A. Drinking Fountains,:  Accessible, Style W, wall-hanging fixture made of  stainless steel. 

1. Receptor Shape:  Rectangular. 
2. Back Panel:  Stainless-steel wall plate behind drinking fountain. 
3. Bubblers:  Two, with automatic stream regulator, located on deck. 
4. Control:  Push button. 
5. Supply:  NPS 3/8 (DN 10)
6. Drain:  Grid with 

 with ball, gate, or globe valve. 
NPS 1-1/4 (DN 32)

7. Support:  Type I, water-cooler carrier.  Refer to "Fixture Supports" Article. 

 minimum horizontal waste and trap complying with 
ASME Standards. 

2.3 SELF-CONTAINED WATER COOLERS 

A. Water Coolers:  Accessible, ARI 1010, Type PB, pressure with bubbler, Style W, wall-hanging 
fixture. 

1. Cabinet:  Bilevel with two attached cabinets, enameled steel with stainless-steel top. 
2. Bubbler:  One, with automatic stream regulator, located on each cabinet deck. 
3. Control:  Push button. 
4. Supply:  NPS 3/8 (DN 10) with ball, gate, or globe valve and filter. 
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5. Drain:  Grid with NPS 1-1/4 (DN 32)

6. Cooling System:  Electric, with hermetically sealed compressor, cooling coil, air-cooled 
condensing unit, corrosion-resistant tubing, refrigerant, corrosion-resistant-metal storage 
tank, and adjustable thermostat. 

 minimum horizontal waste and trap complying with 
ASME Standards. 

a. Capacity:  8 gph (0.0084 L/s) of 50 deg F (10 deg C) cooled water from 80 deg F 
(27 deg C) inlet water and 90 deg F (32 deg C)

b. Electrical Characteristics:  1/5   hp; 120-V ac; single phase; 60 Hz. 
 ambient air temperature. 

7. Support:  Type  II, water-cooler carrier.  Refer to "Fixture Supports" Article. 

2.4 FIXTURE SUPPORTS 

A. Off-Floor, Plumbing Fixture Supports:  ASME A112.6.1M, water-cooler carriers.  Include 
vertical, steel uprights with feet and tie rods and bearing plates with mounting studs matching 
fixture to be supported. 

1. Available Manufacturers: 
2. Manufacturers: 

a. Josam Co. 
b. Smith, Jay R. Mfg. Co. 
c. Tyler Pipe; Wade Div. 
d. Zurn Specifications Drainage Operation. 

3. Type I:  Hanger-type carrier with two vertical uprights. 
4. Type II:  Bilevel, hanger-type carrier with three vertical uprights. 
5. Supports for Accessible Fixtures:  Include rectangular, vertical, steel uprights instead of 

steel pipe uprights. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for water and waste piping systems to verify actual locations of piping 
connections before fixture installation.  Verify that sizes and locations of piping and types of 
supports match those indicated. 

B. Examine walls and floors for suitable conditions where fixtures are to be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Use carrier off-floor supports for wall-hanging fixtures, unless otherwise indicated. 

B. Use chrome-plated brass or copper tube, fittings, and valves in locations exposed to view.  Plain 
copper tube, fittings, and valves may be used in concealed locations. 
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3.3 INSTALLATION 

A. Install off-floor supports affixed to building substrate and attach wall-hanging fixtures, unless 
otherwise indicated. 

B. Install mounting frames affixed to building construction and attach recessed water coolers to 
mounting frames, unless otherwise indicated. 

C. Install fixtures level and plumb. 

D. Install water-supply piping with shutoff valve on supply to each fixture to be connected to water 
distribution piping.  Use ball, gate, or globe valve.  Install valves in locations where they can be 
easily reached for operation.  Refer to Division 15 Section "Valves" for general-duty valves. 

E. Install trap and waste piping on drain outlet of each fixture to be connected to sanitary drainage 
system. 

F. Install pipe escutcheons at wall penetrations in exposed, finished locations.  Use deep-pattern 
escutcheons where required to conceal protruding pipe fittings.  Refer to Division 15 Section 
"Basic Mechanical Materials and Methods" for escutcheons. 

G. Seal joints between fixtures and walls and floors using sanitary-type, one-part, mildew-resistant, 
silicone sealant.  Match sealant color to fixture color.  Refer to Division 7 for sealant and 
installation requirements. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Connect water supplies from water distribution piping to fixtures. 

C. Connect drain piping from fixtures to drainage piping. 

D. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  If manufacturer's torque values are not indicated, use those 
specified in UL 486A and UL 486B. 

END OF SECTION 
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SECTION 15430 
PLUMBING SPECIALTIES 

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 following plumbing specialties: 
1. Balancing valves. 
2. Washer-supply outlets. 
3. Key-operation hydrants. 
4. Trap seal primer valves. 
5. Drain valves. 
6. Miscellaneous piping specialties. 
7. Sleeve penetration systems. 
8. Flashing materials. 
9. Cleanouts. 
10. Floor drains. 
11. Roof drains. 
12. Grease interceptors. 

1.3 DEFINITIONS 

A. The following are industry abbreviations for plastic piping materials: 

1. ABS:  Acrylonitrile-butadiene-styrene plastic. 
2. PVC:  Polyvinyl chloride plastic. 

1.4 PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing piping systems with following 
minimum working-pressure ratings, unless otherwise indicated: 

1. Domestic Water Piping:  125 psig (860 kPa)
2. Sanitary Waste and Vent Piping:  

. 
10-foot head of water (30 kPa)

3. Storm Drainage Piping:  
. 

10-foot head of water (30 kPa)

1.5 SUBMITTALS 

. 

A. Product Data:  Include rated capacities and shipping, installed, and operating weights.  Indicate 
materials, finishes, dimensions, required clearances, and methods of assembly of components; 
and piping and wiring connections for the following: 
1. Balancing valves. 
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2. Water hammer arresters, and trap seal primer valves and systems. 
3. Hose bibbs, hydrants. 
4. Washer-supply outlets. 
5. Cleanouts, floor drains, and roof drains. 
6. Roof flashing assemblies. 
7. Grease interceptors. 
8. Sleeve penetration systems. 

B. Shop Drawings:  Diagram power, signal, and control wiring. 

1.6 QUALITY ASSURANCE 

A. Product Options:  Drawings indicate size, profiles, and dimensional requirements of plumbing 
specialties and are based on the specific system indicated.  Refer to Division 1 Section "Product 
Requirements." 

B. Plumbing specialties shall bear label, stamp, or other markings of specified testing agency. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for piping materials 
and installation. 

E. NSF Compliance: 

1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic 
domestic water piping components.  Include marking "NSF-pw" on plastic potable-water 
piping and "NSF-dwv" on plastic drain, waste, and vent piping. 

2. Comply with NSF 61, "Drinking Water System Components--Health Effects, Sections 1 
through 9," for potable domestic water plumbing specialties. 

PART 2 - PRODUCTS 

2.1 BALANCING VALVES 

A. Calibrated Balancing Valves:  Adjustable, with two readout ports and memory setting indicator.  
Include manufacturer's standard hoses, fittings, valves, differential pressure meter, and carrying 
case. 
1. Manufacturers: 
 

a. Armstrong Pumps, Inc. 
b. Flow Design, Inc. 
c. ITT Industries; Bell & Gossett Div. 
d. Taco, Inc. 
e. Watts Industries, Inc.; Water Products Div. 

2. NPS 2 (DN 50)

3. 

 and Smaller:  Bronze body with brass ball, adjustment knob, calibrated 
nameplate, and threaded or solder-joint ends. 
NPS 2 (DN 50) and Smaller:  Bronze, Y-pattern body with adjustment knob and threaded 
ends. 
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4. NPS 2-1/2 (DN 65)

 

 and Larger:  Cast-iron, Y-pattern body with bronze disc and flanged 
or grooved ends. 

B. Memory-Stop Balancing Valves, NPS 2 (DN 50) and smaller: MSS SP-110, ball valve, 
rated for 400-psig (2760-kPa) mininmum CWP.  Include two-piece, copper-alloy body 
with full-port, chrome-plated brass ball, replaceable seats and seals, threaded or solder-
joint ends, and vinyl-covered steel handle with memory-stop device. 

 
1. Manufacturers: 

 
a. Conbraco Industries, Inc. 
b. Crane Co., Crane Valve Group; Crane Valves. 
c. Grinnell Corporation. 
d. NIBCO INC. 
e. Red-White Valve Corp. 

2.2 STRAINERS 

A. Strainers:  Y-pattern, unless otherwise indicated, and full size of connecting piping.  Include 
ASTM A 666, Type 304, stainless-steel screens with 3/64-inch (1.2-mm)

1. Pressure Rating:  

 round perforations, 
unless otherwise indicated. 

125-psig (860-kPa)

2. 

 minimum steam working pressure, unless 
otherwise indicated. 
NPS 2 (DN 50)

3. 
 and Smaller:  Bronze body, with female threaded ends. 

NPS 2-1/2 (DN 65)

2.3 OUTLET BOXES 

 and Larger:  Cast-iron body, with interior AWWA C550 or FDA-
approved, epoxy coating and flanged ends. 

A. Manufacturers: 

1. Acorn Engineering Company. 
2. Gray, Guy Manufacturing Co., Inc. 
3. Symmons Industries, Inc. 

B. General:  Recessed-mounting outlet boxes with supply fittings complying with 
ASME A112.18.1M.  Include box with faceplate, services indicated for equipment connections, 
and wood-blocking reinforcement. 

C. Clothes Washer Outlet Boxes:  With hot- and cold-water hose connections, drain, and the 
following: 

1. Box and Faceplate:  [Stainless steel] [Enameled or epoxy-painted steel]. 
2. Shutoff Fitting:  Two hose bibbs. 
3. Supply Fittings:  Two NPS 1/2 (DN 15) gate, globe, or ball valves and NPS 1/2 (DN 15)

4. Drain:  

 
copper, water tubing. 

NPS 2 (DN 50)
5. Inlet Hoses:  Two ASTM D 3571, 

 standpipe, P-trap, and direct waste connection to drainage piping. 
60-inch- (1500-mm-)

6. Drain Hose:  One 

 long, rubber household clothes 
washer inlet hoses with female hose-thread couplings. 

48-inch- (1200-mm-) long, rubber household clothes washer drain hose 
with hooked end. 
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D. Icemaker Outlet Boxes:  With hose connection and the following: 

1. Box and Faceplate:  Stainless steel. 
2. Shutoff Fitting:  Hose bibb. 
3. Supply Fitting:  NPS 1/2 (DN 15) gate, globe, or ball valve and NPS 1/2 (DN 15)

2.4 KEY-OPERATION HYDRANTS 

 copper, 
water tubing. 

A. Manufacturers: 

1. Josam Co. 
2. Smith, Jay R. Mfg. Co. 
3. Woodford Manufacturing Co. 

B. General:  ASME A112.21.3M, key-operation hydrant with pressure rating of 125 psig (860 kPa)

1. Inlet:  

. 

NPS 3/4 or NPS 1 (DN 20 or DN 25)
2. Outlet:  ASME B1.20.7, garden-hose threads. 

 threaded or solder joint. 

3. Operating Keys:  One with each key-operation hydrant. 

C. Moderate-Climate, Concealed-Outlet Wall Hydrants:  ASSE 1019, self-drainable with flush-
mounting box with cover, integral nonremovable hose-connection vacuum breaker, and 
concealed outlet. 

1. Classification:  Type A, for automatic draining with hose removed or Type B, for 
automatic draining with hose removed or with hose attached and nozzle closed. 

D. Hot and Cold, Nonfreeze Concealed-Outlet Wall Hydrants:  With deep flush-mounting box with 
cover; hot- and cold-water casings and operating rods to match wall thickness; concealed 
outlet; wall clamps; and factory- or field-installed, nonremovable and manual drain-type, hose-
connection vacuum breaker complying with ASSE 1011. 

2.5 TRAP SEAL PRIMER VALVES 

A. Supply-Type Trap Seal Primer Valves:  ASSE 1018, water-supply-fed type, with the following 
characteristics: 
1. Manufacturers: 
 

a. Josam Co. 
b. MIFAB Manufacturing, Inc. 
c. Precision Plumbing Products, Inc. 
d. Smith, Jay R. Mfg. Co. 

2. 125-psig (860-kPa)
3. Bronze body with atmospheric-vented drain chamber. 

 minimum working pressure. 

4. Inlet and Outlet Connections:  NPS 1/2 (DN 15)
5. Gravity Drain Outlet Connection:  

 threaded, union, or solder joint. 
NPS 1/2 (DN 15)

6. Finish:  Chrome plated, or rough bronze for units used with pipe or tube that is not 
chrome finished. 

 threaded or solder joint. 

2.6 MISCELLANEOUS PIPING SPECIALTIES 
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A. Water Hammer Arresters:  ASSE 1010 or PDI-WH 201, metal-bellows type with pressurized 
metal cushioning chamber.  Sizes indicated are based on ASSE 1010 or PDI-WH 201, Sizes A 
through F. 
1. Manufacturers: 

a. Josam Co. 
b. Smith, Jay R. Mfg. Co. 
c. Tyler Pipe; Wade Div. 
d. Zurn Industries, Inc.; Specification Drainage Operation. 

B. Hose Bibbs:  Bronze body with replaceable seat disc complying with ASME A112.18.1M for 
compression-type faucets.  Include NPS 1/2 or NPS 3/4 (DN 15 or DN 20) threaded or solder-
joint inlet, of design suitable for pressure of at least 125 psig (860 kPa)

C. Roof Flashing Assemblies:  Manufactured assembly made of [

; integral [or field-
installed,] nonremovable, drainable hose-connection vacuum breaker; and garden-hose threads 
complying with ASME B1.20.7 on outlet. 

4-lb/sq. ft. (20-kg/sq. m), 0.0625-
inch- (1.6-mm-)] [6-lb/sq. ft. (30-kg/sq. m), 0.0938-inch- (2.4-mm-)] thick, lead flashing collar and 
skirt extending at least [6 inches (150 mm)] [8 inches (200 mm)] [10 inches (250 mm)

D. Floor-Drain Inlet Fittings:  Cast iron, with threaded inlet and threaded or spigot outlet, and trap 
seal primer valve connection. 

] from pipe 
with galvanized steel boot reinforcement, and counterflashing fitting. 

E. Fixed Air-Gap Fittings:  Manufactured cast-iron or bronze drainage fitting with semiopen top with 
threads or device to secure drainage inlet piping in top and bottom spigot or threaded outlet 
larger than top inlet.  Include design complying with ASME A112.1.2 that will provide fixed air 
gap between installed inlet and outlet piping. 

F. Stack Flashing Fittings:  Counterflashing-type, cast-iron fitting, with bottom recess for 
terminating roof membrane, and with threaded or hub top for extending vent pipe. 

G. Vent Caps:  Cast-iron body with threaded or hub inlet and vandal-proof design.  Include vented 
hood and set-screws to secure to vent pipe. 

H. Vent Terminals:  Commercially manufactured, shop- or field-fabricated, frost-proof assembly 
constructed of galvanized steel, copper, or lead-coated copper.  Size to provide 1-inch (25-mm)

I. Expansion Joints:  ASME A112.21.2M, assembly with cast-iron body with bronze sleeve, 
packing gland, and packing; of size and end types corresponding to connected piping. 

 
enclosed air space between outside of pipe and inside of flashing collar extension, with 
counterflashing. 

2.7 SLEEVE PENETRATION SYSTEMS 

A. Manufacturers: 

1. ProSet Systems, Inc. 

B. Description:  UL 1479, through-penetration firestop assembly consisting of sleeve and stack 
fitting with firestopping plug. 

1. Sleeve:  Molded PVC plastic, of length to match slab thickness and with integral nailing 
flange on one end for installation in cast-in-place concrete slabs. 
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2. Stack Fitting:  ASTM A 48 (ASTM A 48M)

a. Special Coating:  Include corrosion-resistant interior coating on fittings for plastic 
chemical waste and vent stacks. 

, gray-iron, hubless-pattern, wye-branch stack 
fitting with neoprene O-ring at base and gray-iron plug in thermal-release harness in 
branch.  Include PVC protective cap for plug. 

2.8 FLASHING MATERIALS 

A. Lead Sheet:  ASTM B 749, Type L51121, copper bearing, with the following minimum weights 
and thicknesses, unless otherwise indicated: 

1. General Use:  4-lb/sq. ft. (20-kg/sq. m), 0.0625-inch (1.6-mm)
2. Vent Pipe Flashing:  

 thickness. 
3-lb/sq. ft. (15-kg/sq. m), 0.0469-inch (1.2-mm)

3. Burning:  
 thickness. 

6-lb/sq. ft. (30-kg/sq. m), 0.0938-inch (2.4-mm)

B. Elastic Membrane Sheet:  ASTM D 4068, flexible, chlorinated polyethylene, 

 thickness. 

40-mil (1.01-mm)

C. Fasteners:  Metal compatible with material and substrate being fastened. 

 
minimum thickness. 

D. Metal Accessories:  Sheet metal strips, clamps, anchoring devices, and similar accessory units 
required for installation; matching or compatible with material being installed. 

E. Solder:  ASTM B 32, lead-free alloy. 

F. Bituminous Coating:  SSPC-Paint 12, solvent-type, bituminous mastic. 

2.9 CLEANOUTS 

A. Cleanouts:  Comply with [ASME A112.36.2M] [ASME A112.3.1] <Insert other>. 

1. Application:  [Floor cleanout] [Wall cleanout] [For installation in exposed piping]. 
2. Products: 

a. Josam Co.  
b. Mifab 
c. Smith, Jay R. Mfg. Co. 
d. Tyler Pipe, Wade Div.  
e. Zurn Industries, Inc., Specification Drainage Operation. 

2.10 FLOOR DRAINS 

A. Floor Drains. 
1. Products: 

a. Josam Co. 
b. Mifab 
c. Smith, Jay R. Mfg. Co. 
d. Tyler Pipe, Wade Div. 
e. Zurn Industries, Inc. 
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2.11 ROOF DRAINS 

A. Roof Drains:  Comply with [ASME A112.21.2M] [ASME A112.3.1]. 

1. Application:  Roof drain.  
2. Products: 

a. Josam Co. 
b. Mifab 
c. Smith, Jay R. Mfg. Co. 
d. Tyler Pipe, Wade Div. 
e. Watts Industries, Inc., Drainage Products Div. 
f. Zurn Industries, Inc.  

2.12 GREASE INTERCEPTORS 

A. Grease Interceptors:  Comply with PDI-G101. 
1. Products: 

a. American Industrial Precast Products, Inc. 
b. Brooks Products 
c. Park Equipment Co. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for piping joining 
materials, joint construction, and basic installation requirements. 

B. Install pressure regulators with inlet and outlet shutoff valves and balance valve bypass.  Install 
pressure gages on inlet and outlet. 

C. Install strainers on supply side of each control valve, pressure regulator, and solenoid valve. 

D. Install trap seal primer valves with outlet piping pitched down toward drain trap a minimum of 
1 percent and connect to floor-drain body, trap, or inlet fitting.  Adjust valve for proper flow. 

E. Install backwater valves in building drain piping.  For interior installation, provide cleanout deck 
plate flush with floor and centered over backwater valve cover, and of adequate size to remove 
valve cover for servicing. 

F. Install expansion joints on vertical risers, stacks, and conductors if indicated. 

G. Install cleanouts in aboveground piping and building drain piping according to the following, 
unless otherwise indicated: 

1. Size same as drainage piping up to NPS 4 (DN 100).  Use NPS 4 (DN 100)

2. Locate at each change in direction of piping greater than 45 degrees. 

 for larger 
drainage piping unless larger cleanout is indicated. 

3. Locate at minimum intervals of 50 feet (15 m) for piping NPS 4 (DN 100) and smaller and 
100 feet (30 m) for larger piping. 
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4. Locate at base of each vertical soil and waste stack. 

H. Install cleanout deck plates with top flush with finished floor, for floor cleanouts for piping below 
floors. 

I. Install cleanout wall access covers, of types indicated, with frame and cover flush with finished 
wall, for cleanouts located in concealed piping. 

J. Install flashing flange and clamping device with each stack and cleanout passing through floors 
with waterproof membrane. 

K. Install vent flashing sleeves on stacks passing through roof.  Secure over stack flashing 
according to manufacturer's written instructions. 

L. Install frost-proof vent caps on each vent pipe passing through roof.  Maintain 1-inch (25-mm)

M. Install floor drains at low points of surface areas to be drained.  Set grates of drains flush with 
finished floor, unless otherwise indicated. 

 
clearance between vent pipe and roof substrate. 

1. Position floor drains for easy access and maintenance. 
2. Set floor drains below elevation of surrounding finished floor to allow floor drainage.  Set 

with grates depressed according to the following drainage area radii: 

a. Radius, 30 Inches (750 mm) or Less:  Equivalent to 1 percent slope, but not less 
than 1/4-inch (6.35-mm)

b. Radius, 
 total depression. 

30 to 60 Inches (750 to 1500 mm)
c. Radius, 

:  Equivalent to 1 percent slope. 
60 Inches (1500 mm) or Larger:  Equivalent to 1 percent slope, but not 

greater than 1-inch (25-mm)

3. Install floor-drain flashing collar or flange so no leakage occurs between drain and 
adjoining flooring.  Maintain integrity of waterproof membranes where penetrated. 

 total depression. 

4. Install individual traps for floor drains connected to sanitary building drain, unless 
otherwise indicated. 

N. Install roof drains at low points of roof areas according to roof membrane manufacturer's written 
installation instructions. 

1. Install roof-drain flashing collar or flange so no leakage occurs between drain and 
adjoining roofing.  Maintain integrity of waterproof membranes where penetrated. 

2. Position roof drains for easy access and maintenance. 

O. Install interceptors, including trapping, venting, and flow-control fitting, according to authorities 
having jurisdiction and with clear space for servicing. 

 
1. Flush with In-Ground Installation:  Set unit and extension, if required, with cover flush with 

finished grade. 
2. Install cleanout immediately downstream from interceptors not having integral cleanout 

on outlet. 

P. Fasten wall-hanging plumbing specialties securely to supports attached to building substrate if 
supports are specified and to building wall construction if no support is indicated. 

Q. Fasten recessed-type plumbing specialties to reinforcement built into walls. 
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R. Install wood-blocking reinforcement for wall-mounting and recessed-type plumbing specialties. 

S. Install individual shutoff valve in each water supply to plumbing specialties.  Use ball, gate, or 
globe valve if specific valve is not indicated.  Install shutoff valves in accessible locations.  Refer 
to Division 15 Section "Valves" for general-duty ball, butterfly, check, gate, and globe valves. 

T. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and 
within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding 
pipe fittings. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment to allow service and maintenance. 

C. Connect plumbing specialties to piping specified in other Division 15 Sections. 

D. Ground equipment. 

E. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values.  If manufacturer's torque values are not indicated, use those specified in 
UL 486A and UL 486B. 

F. Connect plumbing specialties and devices that require power according to Division 16 Sections. 

G. Interceptor Connections:  Connect piping, flow-control fittings, and accessories. 

1. Grease Interceptors:  Connect inlet and outlet to unit, and flow-control fitting and vent to 
unit inlet piping.   

3.3 FLASHING INSTALLATION 

A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are 
required.  Join flashing according to the following if required: 

1. Lead Sheets:  Burn joints of lead sheets 6-lb/sq. ft. (30-kg/sq. m), 0.0938-inch (2.4-mm) 
thickness or thicker.  Solder joints of lead sheets 4-lb/sq. ft. (20-kg/sq. m), 0.0625-inch 
(1.6-mm)

B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors 
and roofs with waterproof membrane. 

 thickness or thinner. 

1. Pipe Flashing:  Sleeve type, matching pipe size, with minimum length of 10 inches 
(250 mm), and skirt or flange extending at least 8 inches (200 mm)

2. Sleeve Flashing:  Flat sheet, with skirt or flange extending at least 
 around pipe. 
8 inches (200 mm)

3. Embedded Specialty Flashing:  Flat sheet, with skirt or flange extending at least 

 
around sleeve. 

8 inches 
(200 mm)

C. Set flashing on floors and roofs in solid coating of bituminous cement. 

 around specialty. 
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D. Secure flashing into sleeve and specialty clamping ring or device. 

E. Install flashing for piping passing through roofs with counterflashing or commercially made 
flashing fittings, according to Division 7 Section "Sheet Metal Flashing and Trim." 

F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing 
into cast-iron sleeve having calking recess. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
field-assembled trap seal primer systems and their installation, including piping and electrical 
connections.  Report results in writing. 

1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest 
until no leaks exist. 

2. Operational Test:  After electrical circuitry has been energized, start units to confirm 
proper motor rotation and unit operation.  Remove malfunctioning units, replace with new 
units, and retest. 

3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls 
and equipment. 

3.5 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt and debris and 
to prevent damage from traffic and construction work. 

B. Place plugs in ends of uncompleted piping at end of each day or when work stops. 

END OF SECTION 
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SECTION 15781 
 

ROOFTOP HEATING AND COOLING UNITS 
ELECTRIC COOLING - ELECTRIC HEAT 

 
PART 1 - GENERAL 
 
1.01 GENERAL REQUIREMENTS 
 

A. The requirements of the General Conditions and Supplementary Conditions apply to all 
work herein. 

 
B. The Basic Materials and Methods, Section 15050, are included as a part of this Section 

as though written in full in this document. 
 
1.02 SCOPE 
 

A. Scope of the Work shall include the furnishing and complete installation of the equipment 
covered by this Section, with all auxiliaries, ready for owner's use. 

 
PART 2 - PRODUCTS 
 
2.01 ROOFTOP UNIT 
 

A. Rooftop unit shall be packaged and include electric cooling and electric heat with capacity 
and steps of cooling and heating as shown on the drawings. 

 
B. Unit shall be factory-charged and tested, shall be UL-labeled and ARI-certified by 

Standard 210 and 270, and shall be AGA-certified. 
 

C. Unit casing shall be heavy-gauge galvanized steel or heavy-gauge aluminum with 
protective coat of baked enamel.  Weatherproof access panels shall be provided for 
access to all parts requiring service. 

 
D. Compressor(s) shall be sealed or serviceable hermetic type and shall be resiliently 

mounted to avoid vibration and noise.  Compressor shall be provided with anti-slugging 
protection, crankcase heater, and time delay on recycling of the compressor.  Two 
internal compressor motor thermal cutouts and a hot gas cutout shall protect the 
compressor in addition to high-pressure and low-pressure safeties.  Standard controls 
shall permit operation down to 35 deg. F (2 deg. C) and compressor shall be locked out 
below this temperature. 

 
E. Condenser fan(s) shall be direct-driven on the shaft of the slow-speed motor, which shall 

be designed to operate exposed to the weather. 
 

F. Condenser coils shall have a sub-cooling section. 
 

G. Refrigerant circuit shall include filter dryer, moisture indicator, sight glass, and gauge 
ports. 

 
H. Filter rack shall be provided for filters 2 in. thick and shall filter both outdoor air and return 

air.  See Section 15885 of these Specifications for type of filters and the number of filter 
changes to be furnished with the equipment. 

 
I. Evaporator fan shall be quiet-type centrifugal blower, directly connected to an adjustable-

speed motor or belt driven with an adjustable-pitch pulley on the motor. 
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J. Electric heat section shall be installed in the unit and served by the same power source as 

the rest of the unit.  Only one power feed shall be required for the unit. 
 
2.02 ACCESSORY EQUIPMENT 
 

A. Unit shall be provided with hot gas reheat dehumidification option. Hot gas reheat coil 
shall be located on the leaving air side of the evaporator coil and fully piped and circuited 
at the factory. Provide a wall mounted humidity sensor to control activation of the hot gas 
reheat. Sensor shall be adjustable for humidity levels between 40-60% relative humidity. 

 
A. Condenser coil guards shall be provided. 

 
B. Roof mounting frame shall be provided for all units mounted on the floor.  Frame shall be 

approved by the National Roofing Contractors Association.  Provide all necessary flashing 
and counterflashing. 

 
C. Provide "power saver" dampers and controls to provide "free cooling" from 0 to 100% 

outdoor air (OA) when the outside air humidity and temperature are acceptable.  Provide 
OA, return air, and relief air dampers in a factory-provided enclosure.  All air shall be 
filtered and bird screen shall be installed.  

 
D. A solid state enthalpy changeover control shall determine the capability of the outside air 

to provide free cooling.  The control package shall include a differential enthalpy sensor in 
the return air duct to compare the enthalpy of the outside air and return air and use the air 
with the lowest enthalpy for free cooling or assisting the mechanical cooling.  The cooling 
control sequence is as follows: 
1. The changeover control determines if the outdoor air is suitable for free cooling. 
2. The space thermostat determines if cooling is needed in the building.  If so: 
3. The actuator modulates the outdoor air and return air dampers to maintain the 

desired mixed air temperature. 
4. The second cooling stage of the space thermostat energizes the compressor to 

assist the economizer if required. 
5. If the outdoor air is not suitable for free cooling, the outdoor air damper remains in 

the minimum ventilation position and the compressor is energized when space 
cooling is required. 

 
E. Provide a warm-up thermostat to prevent the OA dampers from opening if the return air 

temperature is below the set point (65 deg. F) (18 deg. C). 
 

F. Provide necessary controls for operation of the compressor below the normal temperature 
of the compressor cutout.  Operation shall be permitted down to temperature specified on 
drawings. 

 
G. Provide factory-trained service person to check out the system, calibrate the controls, and 

see that the RTU is operating properly.  The service person making the settings shall 
make a written report to the engineer and the owner with all set points listed for future 
reference. 

 
H. Rooftop units mounted on slabs or other fixed locations shall be provided with adapters 

for end discharge and return to the unit. 
 

I. Provide thermostat and other controls required to produce the control functions called for. 
 
2.03 ACCEPTABLE MANUFACTURERS 
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A. Roof top unit shall be the make and model number shown on the schedule on the 
drawings, or acceptable equivalents are Carrier, Lennox, Trane, or York. 
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PART 3 - EXECUTION 
 
3.01 INSTALLATION 
 

A. Install the curb as required by the job conditions and as recommended by the 
manufacturer, and install proper flashing and counterflashing.  See details on the 
drawings. 

 
B. Set the unit in place, taking care to protect the adjacent roofing, and connect the supply 

and return ductwork. 
 

C. Make electrical connections, taking care that these do not block access to any part of the 
equipment requiring service. 

 
D. Have the factory service person check out the unit and make a written report.  Place the 

unit in service. 
 

E. Connect full size condensate drain pipe to roof top unit and extend to nearest drain, pipe 
shall be schedule 40 galvanized with malleable iron fittings. 

 
3.02 BALANCING AND TEST 
 

A. Operate the roof top unit and check for proper supply air quantity, noise, and proper 
operation. 

 
B. Report the airflow, static pressure, voltage and current draw of each item, refrigerant 

pressure readings, etc., as required by Section 15990 of these Specifications.  This 
system is not complete until these readings have been made, submitted to the engineer, 
and accepted. 

 
 

END OF SECTION 
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SECTION 15815 

 

METAL DUCTS 

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 rectangular, round, and flat-oval metal ducts and plenums for heating, 
ventilating, and air-conditioning systems in pressure classes from 

B. Related Sections include the following: 

minus 2- to plus 10-inch wg 

1. Division 15 Section "Duct Accessories" for dampers, sound-control devices, duct-
mounted access doors and panels, turning vanes, and flexible ducts. 

2. Division 15 Section "Diffusers, Registers, and Grilles." 

3. Division 15 Section "Testing, Adjusting, and Balancing" for air balancing and final 
adjusting of manual-volume dampers. 

1.3 DEFINITIONS 

A. Thermal Conductivity and Apparent Thermal Conductivity (k-Value):  As defined in 
ASTM C 168.  In this Section, these values are the result of the formula Btu x in./h x sq. ft. x 
deg F or W/m x K at the temperature differences specified.  Values are expressed as Btu or W. 

1.4 SYSTEM DESCRIPTION 

A. Duct system design, as indicated, has been used to select and size air-moving and -distribution 
equipment and other components of air system.  Changes to layout or configuration of duct 
system must be specifically approved in writing by Architect. 

1.5 SUBMITTALS 

A. Product Data:  For duct liner and sealing materials. 

B. Shop Drawings:  Show details of the following: 

1. Duct layout indicating pressure classifications and sizes on plans. 

2. Fittings. 

3. Penetrations through fire-rated and other partitions. 

4. Coordination with other trades and including but not limited to: structural 
members, electrical lights and conduits, plumbing lines, & fire sprinkler lines. 

C. Coordination Drawings:  Reflected ceiling plans drawn to scale and coordinating penetrations 
and ceiling-mounted items.  Show the following: 

1. Ceiling- and wall-mounted access doors and panels required to provide access to 
dampers and other operating devices. 

2. Coordination with ceiling-mounted items, including lighting fixtures, diffusers, grilles, 
speakers, sprinkler heads, access panels, and special moldings. 
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D. Duct Construction Standards:  Provide a copy of the duct construction standards to be used for 
each pressure classification in this project.  Duct Construction Standards must comply with the 
latest edition of SMACNA “HVAC Duct Construction Standards – Metal and Flexible.” 

E. Field Test Reports:  Indicate and interpret test results for compliance with performance 
requirements. 

F. Record Drawings:  Indicate actual routing, fitting details, reinforcement, support, and installed 
accessories and devices. 

1.6 QUALITY ASSURANCE 

A. Welding Standards:  Qualify welding procedures and welding personnel to perform welding 
processes for this Project according to AWS D1.1, "Structural Welding Code--Steel," for 
hangers and supports; AWS D1.2, "Structural Welding Code--Aluminum," for aluminum 
supporting members; and AWS D9.1, "Sheet Metal Welding Code," for duct joint and seam 
welding. 

B. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," unless 
otherwise indicated. 

C. Comply with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems," 
unless otherwise indicated. 

D. Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial Cooking 
Operations," Chapter 3, "Duct System," for range hood ducts, unless otherwise indicated. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver sealant and firestopping materials to site in original unopened containers or bundles with 
labels indicating manufacturer, product name and designation, color, expiration period for use, 
pot life, curing time, and mixing instructions for multicomponent materials. 

B. Store and handle sealant and firestopping materials according to manufacturer's written 
recommendations. 

C. Deliver and store stainless-steel sheets with mill-applied adhesive protective paper maintained 
through fabrication and installation 

D. Deliver and store all ductwork with protective material until installation.  Any material left 
exposed to moisture and/or particulates shall be removed and replaced. 

E. Any installed ductwork or piping system left temporarily incomplete shall be covered with 
protective material until final connections can be installed. 

F. All ductwork and/or liner insulation to be wrapped with protective material until installation. Any 
ductwork or insulation left exposed to the environment or contaminating particulate matter shall 
be replaced at the contractor’s expense. 

PART 2 - PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 (Z275)

B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets; commercial quality; with oiled, 
exposed matte finish. 

 coating 
designation; mill-phosphatized finish for surfaces of ducts exposed to view. 

C. Stainless Steel:  ASTM A 480/A 480M, Type 316, sheet form with No. 4 finish for surfaces of 
ducts exposed to view; and Type 304, sheet form with No. 1 finish for concealed ducts. 

D. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on 
galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 
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E. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for 36-inch (900-mm) length or 
less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm)

2.2 SEALANT MATERIALS 

. 

A. Joint and Seam Sealants, General:  The term "sealant" is not limited to materials of adhesive or 
mastic nature but includes tapes and combinations of open-weave fabric strips and mastics. 

1. Joint and Seam Sealant:  One-part, nonsag, solvent-release-curing, polymerized butyl 
sealant, formulated with a minimum of 75 percent solids. 

2. Flanged Joint Mastics:  One-part, acid-curing, silicone, elastomeric joint sealants, 
complying with ASTM C 920, Type S, Grade NS, Class 25, Use O. 

2.3 HANGERS AND SUPPORTS 

A. Hanger Materials:  Galvanized, sheet steel or round, threaded steel rod. 

1. Hangers Installed in Corrosive Atmospheres:  Electrogalvanized, all-thread rod or 
galvanized rods with threads painted after installation. 

2. Straps and Rod Sizes:  Comply with latest edition of SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible" for sheet steel width and thickness and for 
steel rod diameters. 

B. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials. 

C. Trapeze and Riser Supports:  Steel shapes complying with ASTM A 36/A 36M. 

1. Supports for Galvanized-Steel Ducts:  Galvanized steel shapes and plates. 

2. Supports for Stainless-Steel Ducts:  Stainless-steel support materials. 

3. Supports for Aluminum Ducts:  Aluminum support materials, unless materials are 
electrolytically separated from ductwork. 

2.4 RECTANGULAR DUCT FABRICATION 

A. General:  Fabricate ducts, elbows, transitions, offsets, branch connections, and other 
construction with galvanized, sheet steel, according to the latest edition of SMACNA's "HVAC 
Duct Construction Standards--Metal and Flexible."  Comply with requirements for metal 
thickness, reinforcing types and intervals, tie-rod applications, and joint types and intervals. 

1. Lengths:  Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity 
class required for pressure classification. 

2. Materials:  Free from visual imperfections such as pitting, seam marks, roller marks, 
stains, and discolorations. 

B. Fabricate range hood exhaust ducts with 0.0598-inch- thick, galvanized sheet for concealed 
ducts and 0.0500-inch-

C. Fabricate dishwasher hood exhaust ducts with 

 thick stainless steel for exposed ducts.  Weld and flange seams and 
joints.  Comply with NFPA 96. 

0.0500-inch-

D. Static-Pressure Classifications:  Unless otherwise indicated, construct ducts to the following: 

 thick stainless steel.  Weld and 
flange seams and joints. 

1. Supply Ducts between AHU and Air Terminal Units:  3-inch wg

2. Supply Ducts after air terminal units and on constant volume supply equipment:  1-inch 
wg (250 Pa), positive pressure 

. 

3. Return Ducts:  1-inch wg ,negative pressure. 
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4. Exhaust Ducts:  1-inch wg

E. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 

 negative pressure. 

19 inches and larger 
and 0.0359 inch thick or less, with more than 10 sq. ft.

 

 of unbraced panel area, unless ducts are 
lined. 

 

2.5 ROUND FABRICATION 

A. Round Ducts:  Fabricate spiral seam  supply and return ducts of galvanized steel according to 
SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."  Snap Lock Longitudinal 
seam ductwork will not be allowed.  Adjustable elbows will not be allowed.   

B. Spiral seam round or oval duct may be substituted for rectangular duct at the contractors option.  
Spiral seam ductwork sizing must result in the same or less pressure drop than the rectangular 
duct indicated on the plans. 

2.6 DUCT STORGE 

A. All duct must have end capped with plastic covers on both ends from end of fabrication to duct 
installation.  

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION, GENERAL 

A. Duct installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of ducts, fittings, and accessories. 

B. Construct and install each duct system for the specific duct pressure classification indicated. 

C. Install round ducts in lengths not less than 10 feet (3 m)

D. Install ducts with fewest possible joints. 

, unless interrupted by fittings. 

E. Install fabricated fittings for changes in directions, changes in size and shape, and connections. 

F. Install couplings tight to duct wall surface with a minimum of projections into duct. 

G. Install ducts, unless otherwise indicated, vertically and horizontally, parallel and perpendicular to 
building lines; avoid diagonal runs. 

H. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building. 

I. Install ducts with a clearance of 1 inch (25 mm)

J. Conceal ducts from view in finished spaces.  Do not encase horizontal runs in solid partitions, 
unless specifically indicated. 

, plus allowance for insulation thickness. 

K. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting layouts, 
and similar finished work. 

L. Electrical Equipment Spaces:  Route ductwork to avoid passing through transformer vaults and 
electrical equipment spaces and enclosures. 

M. Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior 
walls, and are exposed to view, conceal space between construction opening and duct or duct 
insulation with sheet metal flanges of same metal thickness as duct.  Overlap opening on four 
sides by at least 1-1/2 inches (38 mm)

N. Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior 
walls, install appropriately rated fire damper, sleeve, and firestopping sealant.  Fire and smoke 

. 
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dampers are specified in Division 15 Section "Duct Accessories."  Firestopping materials and 
installation methods are specified in Division 7 Sections. 

3.2 SEAM AND JOINT SEALING 

A. General:  Seal duct seams and joints according to the duct pressure class indicated and as 
described in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."  All duct to 
be sealed to SMACNA seal class A which requires sealing all transverse joints, longitudinal 
seams and duct wall penetrations regardless of pressure classification. 

B. Seal externally insulated ducts before insulation installation. 

C. All ducts shall be inspected after sealing is complete and prior to insulation installation.  Provide 
the engineer with a minimum 7 days notice prior to beginning duct insulation. 

3.3 RANGE HOOD EXHAUST DUCT INSTALLATIONS 

A. Install ducts to allow for thermal expansion of ductwork through 2000 deg F

B. Install ducts without dips or traps that may collect residues, unless traps have continuous or 
automatic residue removal. 

 temperature range. 

C. Install access openings at each change in direction and at 15-foot  intervals; locate on sides of 
duct a minimum of 1-1/2 inches

D. Do not penetrate fire-rated assemblies. 

  from bottom; and fit with grease-tight covers of same material 
as duct. 

3.4 DISHWASHER EXHAUST DUCT INSTALLATIONS 

A. Install dishwasher exhaust ducts according to SMACNA's "HVAC Duct Construction Standards-
-Metal and Flexible." 

B.  

3.5 HANGING AND SUPPORTING 

A. Install rigid round and rectangular metal duct with support systems indicated in the latest edition 
of SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." 

B. Support horizontal ducts within 24 inches of each elbow and within 48 inches

C. Support vertical ducts at a maximum interval of 

 of each branch 
intersection. 

16 feet

D. Install upper attachments to structures with an allowable load not exceeding one-fourth of failure 
(proof-test) load. 

 and at each floor. 

3.6 CONNECTIONS 

A. Connect equipment with flexible connectors according to Division 15 Section "Duct 
Accessories." 

B. For branch, outlet and inlet, and terminal unit connections, comply with the latest edition of 
SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." 

3.7 DUCT APPLICATION 

A. Service:  Round and rectangular, supply/return/outside -air ducts, concealed. 

1. Sheet-metal with wrap insulation 

B. Service:  Round and rectangular, supply/return/outside -air ducts, exposed and in mechanical 
rooms. 
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1. Sheet-metal double wall with lined insulation in-between. 
2. Inner sheet-metal duct shall be perforated in areas with acoustical requirements, ref. 

plans.  

C.  

3.8 FIELD QUALITY CONTROL 

A. Disassemble, reassemble, and seal segments of systems as required to accommodate leakage 
testing and as required for compliance with test requirements. 

B. 25% of the duct installed after the air handling units and (prior to the air terminal units, 
when applicable) shall be tested in the presence of the Architect, at static pressures 
equal to maximum design pressure of system or section being tested.  The sections of 
duct to be tested shall be chosen by the architect or engineer after installation of the 
duct.  If pressure classifications are not indicated, test entire system at maximum system 
design pressure.  Do not pressurize systems above maximum design operating 
pressure.  Give seven days' advance notice for testing.   

C. Leakage Test:  Perform tests according to SMACNA's "HVAC Air Duct Leakage Test Manual." 

D. Maximum Allowable Leakage:  Comply with requirements for Leakage Classification 3 for 
round, Leakage Classification 12 for rectangular ducts in pressure classifications less than and 
equal to 2-inch wg (both positive and negative pressures), and Leakage Classification 6 for 
pressure classifications from 2- to 10-inch wg

E. Remake leaking joints and retest until leakage is less than maximum allowable. 

. 

3.9 CLEANING 

A. After completing system installation, including outlet fittings and devices, inspect the system.  
Vacuum ducts before final acceptance to remove dust and debris. 

END OF SECTION 
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SECTION 15820 
DUCT ACCESSORIES 

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 following: 

1. Backdraft dampers. 
2. Manual-volume dampers. 
3. Fire dampers. 
4. Turning vanes. 
5. Duct-mounted access doors and panels. 
6. Flexible ducts. 
7. Flexible connectors. 
8. Duct accessory hardware. 

B. Related Sections include the following: 

1. Division 8 Sections for wall- and ceiling-mounted access doors and panels. 
2. Division 10 Sections for intake and relief louvers and vents connected to ducts and 

installed in exterior walls. 
3. Division 15 Section "Diffusers, Registers, and Grilles." 
4. Division 16 Sections for duct-mounted fire and smoke detectors. 

1.3 SUBMITTALS 

A. Product Data:  For the following: 

1. Backdraft dampers. 
2. Manual-volume dampers. 
3. Fire dampers. 
4. Duct-mounted access doors and panels. 
5. Flexible ducts. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, 
required clearances, method of field assembly, components, location, and size of each field 
connection.  Detail the following: 

1. Special fittings and manual- and automatic-volume-damper installations. 
2. Fire-damper installations, including sleeves and duct-mounted access doors and panels. 

C. Product Certificates:  Submit certified test data on dynamic insertion loss; self-noise power 
levels; and airflow performance data, static-pressure loss, dimensions, and weights. 
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1.4 QUALITY ASSURANCE 

A. NFPA Compliance:  Comply with the following NFPA standards: 

1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

1.5 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed, are packaged with 
protective covering for storage, and are identified with labels describing contents. 

1. Fusible Links:  Furnish quantity equal to 10 percent of amount installed. 

PART 2 - PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 (Z275)

B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets, commercial quality, with oiled, 
exposed matte finish. 

 coating 
designation; mill-phosphatized finish for surfaces of ducts exposed to view. 

C. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on 
galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 

D. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for 36-inch (900-mm) length or 
less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm)

2.2 BACKDRAFT DAMPERS 

. 

A. Description:  Suitable for horizontal or vertical installations. 

B. Frame:  0.052-inch- (1.3-mm-)

C. Blades:  

 thick, galvanized, sheet steel, with welded corners and mounting 
flange. 

0.025-inch- (0.6-mm-)

D. Blade Seals:  Vinyl. 

 thick, roll-formed aluminum. 

E. Blade Axles:  Galvanized steel. 

F. Tie Bars and Brackets:  Galvanized steel. 

G. Return Spring:  Adjustable tension. 

2.3 MANUAL-VOLUME DAMPERS 
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A. General:  Factory fabricated with required hardware and accessories.  Stiffen damper blades for 
stability.  Include locking device to hold single-blade dampers in a fixed position without 
vibration.  Close duct penetrations for damper components to seal duct consistent with pressure 
class. 

B. Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as 
indicated, standard leakage rating, with linkage outside airstream, and suitable for horizontal or 
vertical applications. 

1. Steel Frames:  Hat-shaped, galvanized, sheet steel channels, minimum of 0.064 inch 
(1.62 mm)

2. Roll-Formed Steel Blades:  

 thick, with mitered and welded corners; frames with flanges where indicated 
for attaching to walls; and flangeless frames where indicated for installing in ducts. 

0.064-inch- (1.62-mm-)
3. Blade Axles:  Galvanized steel. 

 thick, galvanized, sheet steel. 

4. Tie Bars and Brackets:  Galvanized steel. 

C. Jackshaft:  1-inch- (25-mm-)

1. Length and Number of Mountings:  Appropriate to connect linkage of each damper of a 
multiple-damper assembly. 

 diameter, galvanized steel pipe rotating within a pipe-bearing 
assembly mounted on supports at each mullion and at each end of multiple-damper assemblies. 

D. Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 3/32-inch- (2.4-mm-
) thick zinc-plated steel, and a 3/4-inch (19-mm)

2.4 FIRE DAMPERS 

 hexagon locking nut.  Include center hole to 
suit damper operating-rod size.  Include elevated platform for insulated duct mounting. 

A. General:  Labeled to UL 555. 

B. Fire Rating:  One and one-half hours. 

C. Fire Rating:  One and one-half hours. 

D. Frame:  SMACNA Type B with blades out of airstream; fabricated with roll-formed, 0.034-inch- 
(0.85-mm-)

E. Mounting Sleeve:  Factory- or field-installed galvanized, sheet steel. 

 thick galvanized steel; with mitered and interlocking corners. 

1. Minimum Thickness:  0.052 inch (1.3 mm) or 0.138 inch (3.5 mm)

2. Exceptions:  Omit sleeve where damper frame width permits direct attachment of 
perimeter mounting angles on each side of wall or floor, and thickness of damper frame 
complies with sleeve requirements. 

 thick as indicated, and 
length to suit application. 

F. Mounting Orientation:  Vertical or horizontal as indicated. 

G. Blades:  Roll-formed, interlocking, 0.034-inch- (0.85-mm-) thick, galvanized, sheet steel.  In 
place of interlocking blades, use full-length, 0.034-inch- (0.85-mm-)

H. Horizontal Dampers:  Include a blade lock and stainless-steel negator closure spring. 

 thick, galvanized steel blade 
connectors. 

I. Fusible Link:  Replaceable, 165 deg F (74 deg C) rated as indicated. 
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2.5 TURNING VANES 

A. Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." 

B. Acoustic Turning Vanes:  Fabricate of airfoil-shaped aluminum extrusions with perforated faces 
and fibrous-glass fill. 

2.6 DUCT-MOUNTED ACCESS DOORS AND PANELS 

A. General:  Fabricate doors and panels airtight and suitable for duct pressure class. 

B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets. 

C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and 
number of hinges and locks as indicated for duct pressure class.  Include vision panel where 
indicated.  Include 1-by-1-inch (25-by-25-mm)

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber. 

 butt or piano hinge and cam latches. 

E. Insulation:  1-inch- (25-mm-)

2.7 FLEXIBLE CONNECTORS 

 thick, fibrous-glass or polystyrene-foam board. 

A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with 
UL 181, Class 1. 

B. Standard Metal-Edged Connectors:  Factory fabricated with a strip of fabric 3-1/2 inches (89 
mm) wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, 
galvanized, sheet steel or 0.032-inch (0.8-mm)

C. Extra-Wide Metal-Edged Connectors:  Factory fabricated with a strip of fabric 

 aluminum sheets.  Select metal compatible with 
connected ducts. 

5-3/4 inches (146 
mm) wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, 
galvanized, sheet steel or 0.032-inch (0.8-mm)

D. Transverse Metal-Edged Connectors:  Factory fabricated with a strip of fabric 

 aluminum sheets.  Select metal compatible with 
connected ducts. 

3-1/2 inches (89 
mm) wide attached to two strips of 4-3/8-inch- (111-mm-) wide, 0.028-inch- (0.7-mm-) thick, 
galvanized, sheet steel or 0.032-inch (0.8-mm)

E. Conventional, Indoor System Flexible Connector Fabric:  Glass fabric double coated with 
polychloroprene. 

 aluminum sheets.  Select metal compatible with 
connected ducts. 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m)
2. Tensile Strength:  

. 
480 lbf/inch (84 N/mm) in the warp, and 360 lbf/inch (63 N/mm)

F. Conventional, Outdoor System Flexible Connector Fabric:  Glass fabric double coated with a 
synthetic-rubber, weatherproof coating resistant to the sun's ultraviolet rays and ozone 
environment. 

 in the 
filling. 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 
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2. Tensile Strength:  530 lbf/inch (93 N/mm) in the warp, and 440 lbf/inch (77 N/mm)

2.8 FLEXIBLE DUCTS 

 in the 
filling. 

A. General:  Comply with UL 181, Class 1. 

B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an outer jacket 
enclosing 1-1/2-inch- (38-mm-)

1. Reinforcement:  Steel-wire helix encapsulated in inner liner. 

 thick, glass-fiber insulation around a continuous inner liner. 

2. Outer Jacket:  Polyethylene film. 
3. Inner Liner:  Polyethylene film. 

C. Pressure Rating:  6-inch wg (1500 Pa) positive, 1/2-inch wg (125 Pa)

2.9 ACCESSORY HARDWARE 

 negative. 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap 
and gasket.  Size to allow insertion of pitot tube and other testing instruments, and length to suit 
duct insulation thickness. 

B. Splitter Damper Accessories:  Zinc-plated damper blade bracket; 1/4-inch (6-mm)

C. Flexible Duct Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band with 
a worm-gear action, in sizes 

, zinc-plated 
operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and square-head 
set screw. 

3 to 18 inches (75 to 450 mm)

D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline 
and grease. 

 to suit duct size. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass Duct 
Construction Standards" for fibrous-glass ducts. 

B. Install volume dampers in lined duct; avoid damage to and erosion of duct liner. 

C. Provide test holes at fan inlet and outlet and elsewhere as indicated. 

D. Install fire and smoke dampers according to manufacturer's UL-approved written instructions. 

1. Install fusible links in fire dampers. 

E. Install duct access panels for access to both sides of duct coils.  Install duct access panels 
downstream from volume dampers, fire dampers, turning vanes, and equipment. 
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1. Install duct access panels to allow access to interior of ducts for cleaning, inspecting, 
adjusting, and maintaining accessories and terminal units. 

2. Install access panels on side of duct where adequate clearance is available. 

F. Label access doors according to Division 15 Section "Mechanical Identification." 

3.2 ADJUSTING 

A. Adjust duct accessories for proper settings. 

B. Adjust fire dampers for proper action. 

C. Final positioning of manual-volume dampers is specified in Division 15 Section "Testing, 
Adjusting, and Balancing." 

END OF SECTION 
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SECTION 15837 
CENTRIFUGAL FANS 

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 centrifugal fans and vent sets. 

1.3 PERFORMANCE REQUIREMENTS 

A. Project Altitude:  Base air ratings on actual site elevations. 

B. Operating Limits:  Classify according to AMCA standards. 

1.4 SUBMITTALS 

A. Product Data:  Include rated capacities, furnished specialties, and accessories for each  unit 
scheduled and include the following: 

1. Certified fan performance curves with system operating conditions indicated. 
2. Certified fan sound-power ratings. 
3. Motor ratings and electrical characteristics, plus motor and electrical accessories. 
4. Material gages and finishes, including color charts. 
5. Dampers, including housings, linkages, and operators. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between manufacturer-
installed and field-installed wiring. 

C. Maintenance Data:  For centrifugal fans to include in maintenance manuals specified in 
Division 1. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 
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B. AMCA Compliance:  Products shall comply with performance requirements and shall be 
licensed to use the AMCA-Certified Ratings Seal. 

C. NEMA Compliance:  Motors and electrical accessories shall comply with NEMA standards. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver fans as factory-assembled units, to the extent allowable by shipping limitations, with 
protective crating and covering. 

B. Disassemble and reassemble units, as required for moving to the final location, according to 
manufacturer's written instructions. 

C. Lift and support units with manufacturer's designated lifting or supporting points. 

1.7 COORDINATION 

A. Coordinate size and location of structural support members and/or shaft locations. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 
are specified in Division 7. 

1.8 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 
with protective covering for storage and identified with labels describing contents. 

1. Belts:  One set for each belt-driven unit. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. Cook, Loren Company. 
2. Greenheck. 

2.2 HOUSINGS 

A. Roof Mounted Centrifugal Exhaust Fan. 
1. The fan shall be of bolted and welded construction utilizing corrosion resistant fasteners.  

The spun aluminum structural components shall be constructed of minimum 16 gauge 
marine alloy aluminum, bolted to a rigid aluminum support structure.  The  aluminum 
base shall have continuously welded curb cap corners for maximum leak protection.  The 
discharge baffle shall have a rolled bead for added strength.  An integral conduit chase 
shall be provided through the curb cap and into the motor compartment to facilitate wiring 
connections.  Bearings and drives shall be mounted on a minimum 14 gauge steel power 
assembly, isolated from the unit structure with rubber vibration isolators.  These 
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components shall be enclosed in a weather-tight compartment, separated from the 
exhaust airstream.  Unit shall bear an engraved aluminum nameplate and shall be 
shipped in ISTA  certified transit tested packaging. 

2.3 WHEELS 

A. Roof Mounted Centrifugal Exhaust Fan 
1. Wheel shall be centrifugal backward inclined, constructed of 100% aluminum, including a 

precision machined cast aluminum hub.  Wheel inlet shall overlap an aerodynamic 
aluminum inlet cone to provide maximum performance and efficiency.  Wheel shall be 
balanced in accordance with AMCA Standard 204-96, Balance Quality and Vibration 
Levels for Fans. 

2.4 SHAFTS 

A. Statically and dynamically balanced and selected for continuous operation at maximum rated 
fan speed and motor horsepower, with final alignment and belt adjustment made after 
installation. 

B. Turned, ground, and polished hot-rolled steel with keyway.  Ship with a protective coating of 
lubricating oil. 

C. Designed to operate at no more than 70 percent of first critical speed at top of fan's speed 
range. 

2.5 BEARINGS 

A. Prelubricated and Sealed Shaft Bearings:  Self-aligning, pillow-block-type ball bearings. 

1. Ball-Bearing Rating Life:  ABMA 9, L50
2. Roller-Bearing Rating Life:  ABMA 11, L

 of 200,000 hours. 
50

2.6 BELT DRIVES 

 of 200,000 hours. 

A. Description:  Factory mounted, with final alignment and belt adjustment made after installation. 

1. Service Factor Based on Fan Motor:  1.5. 

B. Fan Pulleys:  Cast iron or cast steel with split, tapered bushing; dynamically balanced at factory. 

C. Motor Pulleys:  Adjustable pitch for use with motors through 5 hp; fixed pitch for use with motors 
larger than 5 hp.  Select pulley so pitch adjustment is at the middle of adjustment range at fan 
design conditions. 

D. Belts:  Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives. 

E. Motor Mount:  Adjustable for belt tensioning. 

2.7 ACCESSORIES 
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A. Scroll Access Doors:  Shaped to conform to scroll, with quick-opening latches and gaskets. 

B. Companion Flanges:  Galvanized steel, for duct connections. 

C. Scroll Drain Connection:  NPS 1 (DN 25)

D. Shaft Cooler:  Metal disk between bearings and fan wheel, designed to dissipate heat from 
shaft. 

 steel pipe coupling welded to low point of fan scroll. 

E. Spark-Resistant Construction:  AMCA 99  (where required). 

F. Shaft Seals:  Airtight seals installed around shaft on drive side of single-width fans. 

G. Weather Cover:  Enameled-steel sheet with ventilation slots, bolted to housing. 

2.8 MOTORS 

A. Refer to Division 15 Section "Motors" for general requirements for factory-installed motors. 

B. Motor Construction:  NEMA MG 1, general purpose, continuous duty, high efficiency, Design B. 

C. Enclosure Type:  [Open dripproof] [Totally enclosed, fan cooled]. 

2.9 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound 
Ratings from Laboratory Test Data."  Factory test fans according to AMCA 300, "Reverberant 
Room Method for Sound Testing of Fans."  Label fans with the AMCA-Certified Ratings Seal. 

B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of rotation, 
and efficiency by factory tests and ratings according to AMCA 210, "Laboratory Methods of 
Testing Fans for Rating." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install centrifugal fans level and plumb. 

B. Install units with clearances for service and maintenance. 

C. Label fans according to requirements specified in Division 15 Section "Mechanical 
Identification." 

3.2 CONNECTIONS 

A. Duct installation and connection requirements are specified in other Division 15 Sections.  
Drawings indicate general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connectors.  Flexible connectors are specified in Division 15 Section 
"Duct Accessories." 
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B. Install ducts adjacent to fans to allow service and maintenance. 

C. Ground equipment. 

D. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values.  If manufacturer's torque values are not indicated, use those specified in 
UL 486A and UL 486B. 

3.3 FIELD QUALITY CONTROL 

A. Equipment Startup Checks: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections to 

ducts and electrical components are complete.  Verify that proper thermal-overload 
protection is installed in motors, starters, and disconnect switches. 

3. Verify that cleaning and adjusting are complete. 
4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan 

wheel free rotation and smooth bearing operation.  Reconnect fan drive system, align and 
adjust belts, and install belt guards. 

5. Verify lubrication for bearings and other moving parts. 

B. Starting Procedures: 

1. Energize motor and adjust fan to indicated rpm. 
2. Measure and record motor voltage and amperage. 

C. Operational Test:  After electrical circuitry has been energized, start units to confirm proper 
motor rotation and unit operation.  Remove malfunctioning units, replace with new units, and 
retest. 

D. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

E. Shut unit down and reconnect automatic temperature-control operators. 

F. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for testing, adjusting, and 
balancing procedures. 

G. Replace fan and motor pulleys as required to achieve design airflow. 

H. Repair or replace malfunctioning units.  Retest as specified above after repairs or replacements 
are made. 

3.4 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 

C. Lubricate bearings. 
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3.5 CLEANING 

A. On completion of installation, internally clean fans according to manufacturer's written 
instructions.  Remove foreign material and construction debris.  Vacuum fan wheel and cabinet. 

B. After completing system installation, including outlet fitting and devices, inspect exposed finish.  
Remove burrs, dirt, and construction debris and repair damaged finishes. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain centrifugal fans. 

1. Train Owner's maintenance personnel on procedures and schedules for starting and 
stopping, troubleshooting, servicing, and maintaining equipment and schedules. 

2. Review data in maintenance manuals.  Refer to Division 1 Section "Closeout 
Procedures." 

3. Schedule training with Owner, through Architect, with at least seven days' advance 
notice. 

END OF SECTION 
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SECTION 15855 
DIFFUSERS, REGISTERS, AND GRILLES 

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 ceiling- and wall-mounted diffusers, registers, and grilles. 

B. Related Sections include the following: 

1. Division 10 Sections for fixed and adjustable louvers and wall vents, whether or not they 
are connected to ducts. 

2. Division 15 Section "Duct Accessories" for fire and smoke dampers and volume-control 
dampers not integral to diffusers, registers, and grilles. 

3. Division 15 Section "Testing, Adjusting, and Balancing" for balancing diffusers, registers, 
and grilles. 

1.3 DEFINITIONS 

A. Diffuser:  Circular, square, or rectangular air distribution outlet, generally located in the ceiling 
and comprised of deflecting members discharging supply air in various directions and planes 
and arranged to promote mixing of primary air with secondary room air. 

B. Grille:  A louvered or perforated covering for an opening in an air passage, which can be located 
in a sidewall, ceiling, or floor. 

C. Register:  A combination grille and damper assembly over an air opening. 

1.4 SUBMITTALS 

A. Product Data:  For each model indicated, include the following: 

1. Data Sheet:  For each type of air outlet and inlet, and accessory furnished; indicate 
construction, finish, and mounting details. 

2. Performance Data:  Include throw and drop, static-pressure drop, and noise ratings for 
each type of air outlet and inlet. 

3. Schedule of diffusers, registers, and grilles indicating drawing designation, room location, 
quantity, model number, size, and accessories furnished. 

4. Assembly Drawing:  For each type of air outlet and inlet; indicate materials and methods 
of assembly of components. 
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B. Coordination Drawings:  Reflected ceiling plans and wall elevations drawn to scale to show 
locations and coordination of diffusers, registers, and grilles with other items installed in ceilings 
and walls. 

1.5 QUALITY ASSURANCE 

A. NFPA Compliance:  Install diffusers, registers, and grilles according to NFPA 90A, "Standard for 
the Installation of Air-Conditioning and Ventilating Systems." 

PART 2 - PRODUCTS 

2.1 MANUFACTURED UNITS 

A. Diffusers, registers, and grilles are scheduled on Drawings. 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
 
1. Titus. 
2.  Price 
 

2.2 SOURCE QUALITY CONTROL 

A. Testing:  Test performance according to ASHRAE 70, "Method of Testing for Rating the 
Performance of Air Outlets and Inlets." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
equipment.  Do not proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install diffusers, registers, and grilles level and plumb, according to manufacturer's written 
instructions, Coordination Drawings, original design, and referenced standards. 

B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, 
and accessories.  Air outlet and inlet locations have been indicated to achieve design 
requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make final 
locations where indicated, as much as practicable.  .  Coordinate device locations with ceiling 
grid, sprinklers, and lights.  Where architectural features or other items conflict with installation, 
notify Architect for a determination of final location. 
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C. Install diffusers, registers, and grilles with airtight connection to ducts and to allow service and 
maintenance of dampers, air extractors, and fire dampers. 

3.3 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, 
before starting air balancing. 

3.4 CLEANING 

A. After installation of diffusers, registers, and grilles, inspect exposed finish.  Clean exposed 
surfaces to remove burrs, dirt, and smudges.  Replace diffusers, registers, and grilles that have 
damaged finishes. 

END OF SECTION 
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SECTION 15990 
TESTING, ADJUSTING, AND BALANCING 

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 testing, adjusting, and balancing HVAC systems to produce design 
objectives, including the following: 

1. Balancing airflow within distribution systems, including submains, branches, and 
terminals, to indicated quantities according to specified tolerances. 

2. Adjusting total HVAC systems to provide indicated quantities. 
3. Measuring electrical performance of HVAC equipment. 
4. Setting quantitative performance of HVAC equipment. 
5. Verifying that automatic control devices are functioning properly. 
6. Reporting results of the activities and procedures specified in this Section. 

B. Related Sections include the following: 

1. Testing and adjusting requirements unique to particular systems and equipment are 
included in the Sections that specify those systems and equipment. 

2. Field quality-control testing to verify that workmanship quality for system and equipment 
installation is specified in system and equipment Sections. 

1.3 DEFINITIONS 

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce 
fan speed or adjust a damper. 

B. Balance:  To proportion flows within the distribution system, including submains, branches, and 
terminals, according to design quantities. 

C. Draft:  A current of air, when referring to localized effect caused by one or more factors of high 
air velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn 
from a person's skin than is normally dissipated. 

D. Procedure:  An approach to and execution of a sequence of work operations to yield repeatable 
results. 

E. Report Forms:  Test data sheets for recording test data in logical order. 

F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  In a 
closed system, static head is equal on both sides of the pump. 
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G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction side. 

H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that cause 
reduced capacities in all or part of a system. 

I. System Effect Factors:  Allowances used to calculate a reduction of the performance ratings of 
a fan when installed under conditions different from those presented when the fan was 
performance tested. 

J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves the 
distribution system. 

K. Test:  A procedure to determine quantitative performance of a system or equipment. 

L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and reporting 
the testing, adjusting, and balancing procedures. 

M. AABC:  Associated Air Balance Council. 

N. CTI:  Cooling Tower Institute. 

O. NEBB:  National Environmental Balancing Bureau. 

P. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association. 

1.4 SUBMITTALS 

A. Quality-Assurance Submittals:  Within 30 days from the Contractor's Notice to Proceed, submit 
2 copies of evidence that the testing, adjusting, and balancing Agent and this Project's testing, 
adjusting, and balancing team members meet the qualifications specified in the "Quality 
Assurance" Article below. 

B. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as 
specified in this Section, on approved forms certified by the testing, adjusting, and balancing 
Agent. 

C. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below. 

1.5 QUALITY ASSURANCE 

A. Agent Qualifications for larger projects:  Engage a testing, adjusting, and balancing agent 
certified by AABC. 

B. Agent Qualifications for smaller projects:  Engage a testing, adjusting, and balancing agent 
certified by NEBB. 

C. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, and 
balancing field data reports.  This certification includes the following: 

1. Review field data reports to validate accuracy of data and to prepare certified testing, 
adjusting, and balancing reports. 
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2. Certify that the testing, adjusting, and balancing team complied with the approved testing, 
adjusting, and balancing plan and the procedures specified and referenced in this 
Specification. 

D. Testing, Adjusting, and Balancing Reports:  Use standard forms from AABC's "National 
Standards for Testing, Adjusting, and Balancing." 

E. Testing, Adjusting, and Balancing Reports:  Use standard forms from NEBB's "Procedural 
Standards for Testing, Adjusting, and Balancing of Environmental Systems." 

F. Instrumentation Type, Quantity, and Accuracy:  As described in AABC national standards. 

G. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards 
for Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required 
Instrumentation for NEBB Certification." 

H. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if 
required by the instrument manufacturer. 

1.6 PROJECT CONDITIONS 

A. Partial Owner Occupancy:  The Owner may occupy completed areas of the building before 
Substantial Completion.  Cooperate with the Owner during testing, adjusting, and balancing 
operations to minimize conflicts with the Owner's operations. 

1.7 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, 
HVAC controls installers, and other mechanics to operate HVAC systems and equipment to 
support and assist testing, adjusting, and balancing activities. 

B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and times. 

C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water 
distribution systems have been satisfactorily completed. 

1.8 WARRANTY 

A. General Warranty:  The national project performance guarantee specified in this Article shall not 
deprive the Owner of other rights the Owner may have under other provisions of the Contract 
Documents and shall be in addition to, and run concurrent with, other warranties made by the 
Contractor under requirements of the Contract Documents. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 
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A. Examine Contract Documents to become familiar with project requirements and to discover 
conditions in systems' designs that may preclude proper testing, adjusting, and balancing of 
systems and equipment. 

1. Contract Documents are defined in the General and Supplementary Conditions of the 
Contract. 

2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-
control devices, balancing valves and fittings, and manual volume dampers, are required 
by the Contract Documents.  Verify that quantities and locations of these balancing 
devices are accessible and appropriate for effective balancing and for efficient system 
and equipment operation. 

B. Examine approved submittal data of HVAC systems and equipment. 

C. Examine project record documents described in Division 1.  

D. Examine Architect's and Engineer's design data, including HVAC system descriptions, 
statements of design assumptions for environmental conditions and systems' output, and 
statements of philosophies and assumptions about HVAC system and equipment controls. 

E. Examine equipment performance data, including fan and pump curves.  Relate performance 
data to project conditions and requirements, including system effects that can create undesired 
or unpredicted conditions that cause reduced capacities in all or part of a system.  Calculate 
system effect factors to reduce the performance ratings of HVAC equipment when installed 
under conditions different from those presented when the equipment was performance tested at 
the factory.  To calculate system effects for air systems, use tables and charts found in 
AMCA 201, "Fans and Systems," Sections 7 through 10; or in SMACNA's "HVAC Systems--
Duct Design," Sections 5 and 6.  Compare this data with the design data and installed 
conditions. 

F. Examine system and equipment installations to verify that they are complete and that testing, 
cleaning, adjusting, and commissioning specified in individual Specification Sections have been 
performed. 

G. Examine system and equipment test reports. 

H. Examine HVAC system and equipment installations to verify that indicated balancing devices, 
such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and 
fittings, and manual volume dampers, are properly installed, and their locations are accessible 
and appropriate for effective balancing and for efficient system and equipment operation. 

I. Examine systems for functional deficiencies that cannot be corrected by adjusting and 
balancing. 

J. Examine air-handling equipment to ensure clean filters have been installed, bearings are 
greased, belts are aligned and tight, and equipment with functioning controls is ready for 
operation. 

K. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify that they 
are accessible and their controls are connected and functioning. 

L. Examine equipment for installation and for properly operating safety interlocks and controls. 

M. Examine automatic temperature system components to verify the following: 
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1. Dampers, valves, and other controlled devices operate by the intended controller. 
2. Dampers and valves are in the position indicated by the controller. 
3. Integrity of valves and dampers for free and full operation and for tightness of fully closed 

and fully open positions.  This includes dampers in multizone units, mixing boxes, and 
variable-air-volume terminals. 

4. Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and 
cold walls. 

5. Sensors are located to sense only the intended conditions. 
6. Sequence of operation for control modes is according to the Contract Documents. 
7. Controller set points are set at design values.  Observe and record system reactions to 

changes in conditions.  Record default set points if different from design values. 
8. Interlocked systems are operating. 
9. Changeover from heating to cooling mode occurs according to design values. 

N. Report deficiencies discovered before and during performance of testing, adjusting, and 
balancing procedures. 

3.2 PREPARATION 

A. Complete system readiness checks and prepare system readiness reports.  Verify the following: 

1. Permanent electrical power wiring is complete. 
2. Automatic temperature-control systems are operational. 
3. Equipment and duct access doors are securely closed. 
4. Balance, fire dampers are open. 
5. Ceilings are installed in critical areas where air-pattern adjustments are required and 

access to balancing devices is provided. 
6. Windows and doors can be closed so design conditions for system operations can be 

met. 

3.3 GENERAL TESTING AND BALANCING PROCEDURES 

A. Perform testing and balancing procedures on each system according to the procedures 
contained in AABC national standards and this Section. 

B. Perform testing and balancing procedures on each system according to the procedures 
contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems" and this Section. 

C. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 
minimum extent necessary to allow adequate performance of procedures.  After testing and 
balancing, close probe holes and patch insulation with new materials identical to those 
removed.  Restore vapor barrier and finish according to the insulation Specifications for this 
Project. 

D. Mark equipment settings with paint or other suitable, permanent identification material, including 
damper-control positions, valve indicators, fan-speed-control levers, and similar controls and 
devices, to show final settings. 

3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES 



   

15990 – TESTING, ADJUSTING, AND BALANCE          Page 6 of 12 
 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 
recommended testing procedures.  Crosscheck the summation of required outlet volumes with 
required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Check the airflow patterns from the outside-air louvers and dampers and the return- and 
exhaust-air dampers, through the supply-fan discharge and mixing dampers. 

E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

F. Verify that motor starters are equipped with properly sized thermal protection. 

G. Check dampers for proper position to achieve desired airflow path. 

H. Check for airflow blockages. 

I. Check condensate drains for proper connections and functioning. 

J. Check for proper sealing of air-handling unit components. 

3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES 

A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air 
systems.   

B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by the fan 
manufacturer. 

1. Measure fan static pressures to determine actual static pressure as follows: 

a. Measure outlet static pressure as far downstream from the fan as practicable and 
upstream from restrictions in ducts such as elbows and transitions. 

b. Measure static pressure directly at the fan outlet or through the flexible connection. 
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as 

possible, upstream from flexible connection and downstream from duct restrictions. 

2. Measure static pressure across each air-handling unit component. 

a. Simulate dirty filter operation and record the point at which maintenance personnel 
must change filters. 

3. Compare design data with installed conditions to determine variations in design static 
pressures versus actual static pressures.  Compare actual system effect factors with 
calculated system effect factors to identify where variations occur.  Recommend 
corrective action to align design and actual conditions. 

4. Adjust fan speed higher or lower than design with the approval of the Architect.  Make 
required adjustments to pulley sizes, motor sizes, and electrical connections to 
accommodate fan-speed changes. 

5. Do not make fan-speed adjustments that result in motor overload.  Consult equipment 
manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-
motor amperage to ensure no overload will occur.  Measure amperage in full cooling, full 
heating, and economizer modes to determine the maximum required brake horsepower. 
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C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to design 
airflows within specified tolerances. 

1. Measure static pressure at a point downstream from the balancing damper and adjust 
volume dampers until the proper static pressure is achieved. 

a. Where sufficient space in submains and branch ducts is unavailable for Pitot-tube 
traverse measurements, measure airflow at terminal outlets and inlets and 
calculate the total airflow for that zone. 

2. Remeasure each submain and branch duct after all have been adjusted.  Continue to 
adjust submains and branch ducts to design airflows within specified tolerances. 

D. Measure terminal outlets and inlets without making adjustments. 

1. Measure terminal outlets using a direct-reading hood or the outlet manufacturer's written 
instructions and calculating factors. 

E. Adjust terminal outlets and inlets for each space to design airflows within specified tolerances of 
design values.  Make adjustments using volume dampers rather than extractors and the 
dampers at the air terminals. 

1. Adjust each outlet in the same room or space to within specified tolerances of design 
quantities without generating noise levels above the limitations prescribed by the 
Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.6 MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 

1. Manufacturer, model, and serial numbers. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating if high-efficiency motor. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 
from minimum to maximum.  Test the manual bypass for the controller to prove proper 
operation.  Record observations, including controller manufacturer, model and serial numbers, 
and nameplate data. 

3.7 CONDENSING UNITS 

A. Verify proper rotation of fans and measure entering- and leaving-air temperatures.  Record 
compressor data. 

3.8 HEAT-TRANSFER COILS 

A. Electric-Heating Coils:  Measure the following data for each coil: 
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1. Nameplate data. 
2. Airflow. 
3. Entering- and leaving-air temperatures at full load. 
4. Voltage and amperage input of each phase at full load and at each incremental stage. 
5. Calculated kW at full load. 
6. Fuse or circuit-breaker rating for overload protection. 

3.9 TEMPERATURE TESTING 

A. During testing, adjusting, and balancing, report need for adjustment in temperature regulation 
within the automatic temperature-control system. 

B. Measure outside-air, wet- and dry-bulb temperatures. 

3.10 TEMPERATURE-CONTROL VERIFICATION 

A. Verify that controllers are calibrated and commissioned. 

B. Check transmitter and controller locations and note conditions that would adversely affect 
control functions. 

C. Record controller settings and note variances between set points and actual measurements. 

D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers). 

E. Verify free travel and proper operation of control devices such as damper and valve operators. 

F. Verify sequence of operation of control devices.  Note air pressures and device positions and 
correlate with airflow and water-flow measurements.  Note the speed of response to input 
changes. 

G. Confirm interaction of electrically operated switch transducers. 

H. Confirm interaction of interlock and lockout systems. 

I. Verify main control supply-air pressure and observe compressor and dryer operations. 

J. Record voltages of power supply and controller output.  Determine if the system operates on a 
grounded or nongrounded power supply. 

K. Note operation of electric actuators using spring return for proper fail-safe operations. 

3.11 TOLERANCES 

A. Set HVAC system airflow and water flow rates within the following tolerances: 

1. Supply  and Exhaust Fans:  Plus 5 to plus 10 percent. 
2. Air Outlets and Inlets:  0 to minus 10 percent. 
3. Cooling-Water Flow Rate:  0 to minus 5 percent. 

3.12 FINAL REPORT 
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A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-
ring binder, tabulated and divided into sections by tested and balanced systems. 

B. Include a certification sheet in front of binder signed and sealed by the certified testing and 
balancing engineer. 

1. Include a list of the instruments used for procedures, along with proof of calibration. 

C. Final Report Contents:  In addition to the certified field report data, include the following: 
1. Fan curves. 
2. Manufacturers' test data. 
3. Field test reports prepared by system and equipment installers. 
4. Other information relative to equipment performance, but do not include approved Shop 

Drawings and Product Data. 

D. General Report Data:  In addition to the form titles and entries, include the following data in the 
final report, as applicable: 

1. Title page. 
2. Name and address of testing, adjusting, and balancing Agent. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of testing, adjusting, and balancing Agent who certifies the report. 
10. Summary of contents, including the following: 

a. Design versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 

11. Nomenclature sheets for each item of equipment. 
12. Data for terminal units, including manufacturer, type size, and fittings. 
13. Notes to explain why certain final data in the body of reports vary from design values. 
14. Test conditions for fans and pump performance forms, including the following: 

a. Settings for outside-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
e. Fan drive settings, including settings and percentage of maximum pitch diameter. 
f. Settings for supply-air, static-pressure controller. 
g. Other system operating conditions that affect performance. 

E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present 
with single-line diagrams and include the following: 

1. Quantities of outside, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
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6. Balancing stations. 

F. Roof Top Unit Test Reports:  For air-handling units with coils, include the following: 

1. Unit Data:  Include the following: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches (mm)
i. Number of belts, make, and size. 

, and bore. 

j. Number of filters, type, and size. 

2. Motor Data:  Include the following: 

a. Make and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 

3. Test Data:  Include design and actual values for the following: 

a. Total airflow rate in cfm (L/s)
b. Total system static pressure in 

. 
inches wg (Pa)

c. Fan rpm. 
. 

d. Discharge static pressure in inches wg (Pa)
e. Preheat coil static-pressure differential in 

. 
inches wg (Pa)

f. Cooling coil static-pressure differential in 
. 

inches wg (Pa)
g. Heating coil static-pressure differential in 

. 
inches wg (Pa)

h. Outside airflow in 
. 

cfm (L/s)
i. Return airflow in 

. 
cfm (L/s)

j. Outside-air damper position. 
. 

k. Return-air damper position. 
l. Discharge air temperature 

 

G. Electric-Coil Test Reports:  For electric duct coils, and electric coils installed in central-station 
air-handling units, include the following: 

1. Unit Data:  Include the following: 

a. System identification. 
b. Location. 
c. Coil identification. 
d. Capacity in Btuh (kW)
e. Number of stages. 

. 

f. Connected volts, phase, and hertz. 
g. Rated amperage. 
h. Discharge air temperature 

2. Test Data:  Include design and actual values for the following: 
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a. Heat output in Btuh (kW)
b. Airflow rate in 

. 
cfm (L/s)

c. Air velocity in 
. 

fpm (m/s)
d. Entering-air temperature in 

. 
deg F (deg C)

e. Leaving-air temperature in 
. 

deg F (deg C)
f. Voltage at each connection. 

. 

g. Amperage for each phase. 

H. Fan Test Reports:  For exhaust fans, include the following: 

1. Fan Data:  Include the following: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 

2. Motor Data:  Include the following: 

a. Make and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Number of belts, make, and size. 

3. Test Data:  Include design and actual values for the following: 

a. Total airflow rate in cfm (L/s)
b. Total system static pressure in 

. 
inches wg (Pa)

c. Fan rpm. 
. 

d. Discharge static pressure in inches wg (Pa)
e. Suction static pressure in 

. 
inches wg (Pa)

 
. 

I. Condenser Reports:  For refrigerant side of unitary systems, stand-alone refrigerant 
compressors, air-cooled condensing units,  include the following: 

1. Unit Data:  Include the following: 

a. Unit identification. 
b. Location. 
c. Unit make and model number. 
d. Manufacturer's compressor serial numbers. 
e. Compressor make. 
f. Compressor model and serial numbers. 
g. Refrigerant weight in lb (kg)

2. Test Data:  Include design and actual values for the following: 

. 

a. Entering-air, dry-bulb temperature in deg F (deg C)
b. Leaving-air, dry-bulb temperature in 

. 
deg F (deg C)

c. Control settings. 
. 

d. Unloader set points. 
e. Low-pressure-cutout set point in psig (kPa). 
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f. High-pressure-cutout set point in psig (kPa)
g. Suction pressure in 

. 
psig (kPa)

h. Suction temperature in 
. 

deg F (deg C)
i. Condenser refrigerant pressure in 

. 
psig (kPa)

j. Condenser refrigerant temperature in 
. 

deg F (deg C)
k. Oil pressure in 

. 
psig (kPa)

l. Oil temperature in 
. 

deg F (deg C)
m. Voltage at each connection. 

. 

n. Amperage for each phase. 
o. The kW input. 
p. Number of fans. 

3.13 ADDITIONAL TESTS 

A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and 
balancing to verify that balanced conditions are being maintained throughout and to correct 
unusual conditions. 

END OF SECTION
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SECTION 16010 
SUMMARY OF ELECTRICAL WORK 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions, Division 1 Specification Sections and other Division 15 Specification Sections, 
apply to this Section. 

 
1.2 WORK COVERED BY CONTRACT DOCUMENTS 

 
A. The following Summary of Work is intended as an aid to achieve an understanding of the 

various elements of work included in the project, as is not intended to be all-inclusive. Detailed 
descriptions of work and requirements are given in drawings and specifications. 

B. General Scope of Work: 
1. Providing new panels, feeders, conduits, electrical meter, disconnect, combination 

starter/ disconnect, fire alarm, rough-in for telephone and data system, and new light 
fixtures.   

1.4 COORDINATION 
 

A. All electrical work shall be done under sub-contract to a General Contractor. Electrical 
Contractor shall coordinate all work through General Contractor, even in areas where only 
electrical work is to take place. 

 
B. Work shall take place with minimal disruption to Owner’s operations in areas surrounding the 

new building.  
 

C. Cooperate fully with other contractors so that work under those contracts may be carried out 
smoothly, without interfering with or delaying work under this Contract. 

 
D. Fully coordinate with mechanical contractor for providing power to mechanical equipment. 

1.5 UTILITIES 
 
1. Coordinate with power company and provide conduit, and trenching from transformer to 

power source. Coordinate with water, telephone, cable and gas utilities to locate all 
utilities prior to digging in any area. 

2. Obtain any approvals required from utilities to relocate utilities.  
3. Cost of relocating or bypassing utilities indicated on drawings shall be included in Base 

Bid.   
 

1.6 CONTRACTOR USE OF PREMISES 
 

A. Use of the Site: Limit use of the premises to work in areas indicated.  Confine operations to 
areas within contract limits indicated.  Do not disturb portions of the site beyond the areas in 
which the Work is indicated. 
 
1. Owner Occupancy: Allow for Owner occupancy and use by the public. 
2. Driveways and Entrances: Keep driveways and entrances serving the premises, clear 

and available to the Owner, the Owner's employees, and emergency vehicles at all time.  
Do not use these areas for parking or storage of materials.  Schedule deliveries to 
minimize space and time requirements for storage of materials and equipment on-site. 

 
B. Site Safety: Take every precaution to ensure the site does not present a threat to the safety of 

occupants and/or workers. Minimal safety requirements include, but are not limited to the 
following: 
 
1. Temporary fencing around construction areas. 
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2. Yellow caution tape and construction barricades along open trenches during the day. 
Trenches shall be covered at night and warning lights provided on construction 
barricades. 

3. Temporary fencing around equipment while site work is in progress. 
 

 
1.7 SUBMITTALS 

1. To extradite the submittal process more efficiently, do not piece-meal the submittals.  
Submit entire electrical in a bound enclosure.  This will eliminate delays in the submittal 
process.  Unbound submittals shall be returned without review.  Submit 10 copies 
minimum. 
 

 

1.8 CONTINGENCY FUND 
1 Refer to architectural specifications for all project contingencies. 

 

 
 

 
END OF SECTION 
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SECTION 16020 
BASIC ELECTRICAL REQUIREMENTS 

 
PART 1 – GENERAL 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions, Division 1 
Specification Sections and all relevant documents shall form a part of this Division of the 
Specifications, and shall be incorporated in this Section and each Division 16 Section 
hereinafter as if repeated verbatim herein.  All conditions imposed by these documents 
shall be applicable to all portions of the work under this Division.  Certain specific 
paragraphs of said references may be referred to hereinafter in this Division.  These 
references are intended to point out specific items to the Contractor, but in no way relieve 
him of the responsibility of reading and complying with all relevant parts of the entire 
Specification. 

B. The Contractor shall examine and coordinate with all Contract Drawings and 
Specifications, and all Addenda issued.  Failure to comply shall not relieve him of 
responsibility.  The omission of details of other portions of the work from this Division shall 
not be used as a basis for a request for additional compensation. 

C. The specific features and details for other portions of the work related to the construction 
in progress or to the adjacent building shall be determined by examination at the site. 

1.2 SCOPE OF WORK 
A. The requirements contained in this Section apply to all work performed under Division 16 

of these Specifications. 
B. The work covered by this Division of the Specifications comprises the furnishing of labor, 

material, equipment, transportation, tools and services, and performing operations 
required for, and reasonably incidental to, the installation of the work in accordance with 
the applicable Contract Documents, and subject to the terms and conditions of the 
Contract. 

C. Refer to other Divisions of the Specifications for related work. 
1.3 DEFINITION OF "CONTRACTOR" 

A. Where the word "Contractor" is used under any Section of this Division of the 
Specifications, it shall mean the Contractor engaged to execute the work included under 
that Section, even though this Contractor may be technically described as a 
Subcontractor, or an authorized representative. 

B. If the Contractor, engaged to execute a portion of the work, employs a Subcontractor to 
perform some of that work, he shall be completely responsible for the proper execution of 
this Subcontractor’s work, in full conformity with the Contract Documents. 

1.4 RESPONSIBILITY OF THE CONTRACTOR 
A. The Contractor shall be responsible for all work of every description in connection with 

this Division of the Specifications.  The Contractor shall specifically and distinctly assume, 
and does so assume, all risk for damage or injury from whatever cause to property or 
person used or employed on or in connection with this work and of all damages or injury 
to any person or property wherever located, resulting from an action or operation under 
the Contract in connection with the work, and undertake the responsibility to defend the 
Owner against all claims on account of any such damage or injury. 

B. The Contractor will be held responsible for the satisfactory execution and completion of 
the work in accordance with the true intent of the Contract Documents.  The Contractor 
shall provide without extra charge all incidental items required as part of the work, even 
though it may not be specifically indicated.  If the Contractor has reason for objecting to 
the use of any material, equipment, device or method of construction as indicated, the 
Contractor shall make report of such objections to the Owner's Representative, obtain 
proper approval and adjustment to the Contract, and shall proceed with the work. 

1.5 TERMINOLOGY 
A. Whenever the words "furnish", "provide", "furnish and install", "provide and install", and 

similar phrases occur, it is the intent that the materials, equipment and devices described 
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be furnished, installed and connected under this Division, complete for operation, unless 
specifically noted to the contrary. 

B. It is also the intent, unless specifically noted to the contrary, that all materials, equipment 
and devices described and specified under this Division of the Specifications be similarly 
furnished, installed and connected under this Division, whether or not a phrase as 
described in the preceding paragraph has been actually included. 

C. Whenever the words “Owner’s Representative” occurs, it is intended to refer to the 
Architect, Engineer and/or specific Owner’s Representative responsible for or capable of 
providing the necessary direction pertaining to the referenced issue. 

1.6 ORDINANCES, PERMITS AND CODES 
A. It shall be the Contractor's duty to perform the work and provide the materials covered by 

these specifications in conformance with all ordinances and regulations of all authorities 
having jurisdiction. 

B. All work herein shall conform to all applicable laws, ordinances and regulations of the 
local utility companies. 

C. The Contractor shall obtain and pay for all permit and connection fees as required for the 
complete installation of the specified systems, equipment, devices and materials. 

D. The Contractor shall obtain permits, plan checks, inspections and approvals applicable to 
the work as required by the regulatory authorities.  Fees and costs of any nature 
whatsoever incidental to these permits, inspections and approvals shall be assumed and 
paid by the Contractor.  The pro-rata costs, if any, for utilities serving this property will be 
paid for by the Owner and shall not be included as part of this Contract. 

E. The work shall be in accordance with, but shall not be limited to, the requirements of: 
1 National Fire Protection Association 
2 National Electrical Code 
3 National Safety Code 
4 State of Texas Safety Code 
5.         Local City Building Codes 
6.         State of Texas Building Codes 

F. Codes and standards referred to are minimum standards.  Where the requirements of the 
Drawings or Specifications exceed those of the codes and regulations, the Drawings and 
Specifications govern. 

1.7 MATERIALS, EQUIPMENT AND DEVICE DESCRIPTION 
A. Materials, equipment and devices shall be of the best quality customarily applied in quality 

commercial practice, and shall be the products of reputable manufacturers.  Each major 
component shall bear a nameplate giving the name and address of the manufacturer, and 
the catalog number or designation of the component. 

B. Materials, equipment and devices furnished under this Division of the Specifications shall 
be essentially the standard product of the specified manufacturer, or where allowed, an 
alternate manufacturer.  Where two or more units of the same kind or class of a specific 
item are required, these shall be the products of a single manufacturer; however, the 
component parts of the item need not be the products of one manufacturer. 

C. In describing the various materials, equipment and devices, in general each item will be 
described singularly, even though there may be a multiplicity of identical items.  Also, 
where the description is only general in nature, exact sizes, duties, space arrangements, 
horsepower requirements and other data shall be determined by reference to the Contract 
Documents. 

D. Space allocations for materials, equipment and devices have been made on the basis of 
present and known future requirements and the dimensions of items of equipment or 
devices of a particular manufacturer whether indicated or not.  The Contractor shall verify 
that all materials, equipment and devices proposed for use on this project are within the 
constraints of the allocated space. 

 
1.8 QUALITY ASSURANCE 

A. Materials, equipment and devices shall be new and of the quality specified, and shall be 
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free from defects at the time of installation.  Materials, equipment and devices damaged 
in shipment or otherwise damaged or found defective prior to acceptance by the Owner 
shall not be repaired at the job site, but shall be replaced with new materials, equipment 
or devices identical with those damaged, unless specifically approved otherwise by the 
Owner's Representative. 

B. Wherever a UL standard has been established for a particular type of material, equipment 
or device, each item of such material, equipment or device provided on this project shall 
meet the requirements of the UL standard in every way, and shall be UL listed and 
labeled. 

1.9 REFERENCE STANDARDS 
A. Materials, equipment, devices and workmanship shall comply with applicable local, 

county, state and national codes, laws and ordinances, utility company regulations and 
industry standards. 

B. In case of differences between building codes, state laws, local ordinances, industry 
standards, utility company regulations and the Contract Documents, the most stringent 
shall govern.  The Contractor shall promptly notify the Owner's Representative in writing 
of any such difference.  Should the Contractor perform any work that does not comply 
with local codes, laws and ordinances, industry standards or other governing regulations, 
the work shall be corrected of noncompliance deficiencies with the Contractor bearing all 
costs. 

C. In addition to the aforementioned ordinances, industry standards published by the 
following organizations shall apply: 

 
AABM - American Association of Battery Manufacturers 
ADA - American’s with Disabilities Act 
AIA - American Institute of Architects 
ANSI - American National Standards Institute 
ASTM - American Society for Testing and Materials 
CBM - Certified Ballast Manufacturers Association 
ETL - Electrical Testing Laboratories 
FM - Factory Mutual 
ICEA - Insulated Cable Engineers Associated 
IEEE - Institute of Electrical and Electronic Engineers 
IES - Illuminating Engineering Society 
IRI - Industrial Risk Insurance 
NBS - National Bureau of Standards 
NEC - National Electrical Code 
NECA - National Electrical Contractors Association 
NEMA - National Electrical Manufacturers Association 
NESC - National Electrical Safety Code 
NETA - National Electrical Testing Association 
NFPA - National Fire Protection Association 
UL - Underwriters Laboratories 
 
 
1.10 DRAWINGS AND SPECIFICATIONS 

A. The interrelation of the Drawings (including the schedules) and the Specifications are as 
follows: 
1 The Drawings establish quantities, locations, dimensions and details of materials, 

equipment and devices.  The schedules on the Drawings indicate the capacities, 
characteristics and components. 

2 The Specifications provide written requirements for the quality, standard and 
nature of the materials, equipment, devices and construction systems. 

B. The Drawings and Specifications shall be considered as being compatible; therefore, the 
work called for by one and not by the other shall be furnished and installed as though 
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called for by both.  Resolution of conflicts between Drawings and Specifications shall be 
as follows: 
1 If the Drawings and Specifications disagree in themselves, or with each other, the 

Contractor's pricing shall be based on furnishing and installing the most 
expensive combination of quality and quantity of work indicated for a complete 
operable system.  Contractor is responsible to notifying the Architect and 
Engineer.  In the event of this type of disagreement, the resolution shall be 
determined by the Owner's Representative.  The contractor shall assume for an 
operable system at the most expensive combination as per the latest National 
Electrical Code.  The contractor shall review all drawings and specifications prior 
to bid date. 

2 The Contractor shall be responsible for bringing any conflicts in the Drawings and 
the Specifications to the attention of the Owner's Representative immediately, 
prior to bid date. 

3 In general, if there is conflict between the Drawings and Specifications, the 
Drawings shall govern the Specifications. 

4 Where the Specifications do not fully agree with schedules on the Drawings, the 
schedules shall govern.  Actual numerical dimensions indicated on the Drawings 
govern scale measurements and large scale details govern small scale drawings. 

5 Materials, equipment and devices called for on the Drawings and not indicated 
herein, shall be completely provided and installed as though it were fully 
described herein. 

6 Materials, equipment and devices called for herein shall be completely provided 
and installed, whether or not it is fully detailed, scheduled or indicated on the 
Drawings. 

C. The Contractor shall examine the Drawings and Specifications of the other portions of the 
work for fixtures and finishes in connection with this work.  The Contractor shall carefully 
examine the Drawings to determine the general construction conditions, and shall 
familiarize himself with all limitations caused by such conditions. 

D. When discrepancies exist between scale and dimension, or between the Drawings of the 
various portions of the work, they shall be called to the attention of the Owner's 
Representative for further instruction, whose instructions shall be final and binding and 
work promptly resumed without any additional cost to the Owner. 

E. Review the construction details of the building(s) as illustrated on the Drawings of the 
other portions of the work, i.e., architectural, structural, civil, landscape, etc., and be 
guided thereby.  Route conduits and set all boxes as required by the pace of the general 
construction. 

F. The Drawings diagrammatically show the sizes and locations of the various equipment 
and devices, and the sizes of the major interconnecting wires, without showing exact 
details as to elevations, offsets, control wiring and other installation requirements.  
Carefully layout the work at the site to conform to the architectural and structural 
conditions, to avoid obstructions and to permit proper grading of pipe associated with 
other portions of the work.  In cooperation with other Contractors, determine the exact 
location of equipment and devices and connections thereto by reference to the submittals 
and rough-in drawings, and by measurements at the site.  Make minor relocations 
necessitated by the conditions at the site, or directed by the Owner's Representative, 
without additional cost to the Owner. 

G. The Drawings and Specifications are intended to describe and illustrate systems which 
will not interfere with the structure of the building(s), fit into the available spaces, and 
insure complete and satisfactory operating installations.  Prepare installation drawings as 
required for all critical areas illustrating the installation of the work in this Division as 
related to the work of all other Divisions and correct all interferences with the other 
portions of the work or with the building structures before the work proceeds. 

H. The Drawings do not indicate the existing electrical installations other than to identify 
modifications or extensions thereto.  Visit the site and ascertain the conditions to be met 
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and the work to be accomplished in removing and modifying the existing work, and in 
installing the new work.  Failure to comply with this shall not constitute grounds for any 
additional payment in connection with removing or modifying any part of the existing 
installation or installing any new or temporary work under this Division. 

1.11 SUBMITTALS 
A. Submit product data and shop drawings in accordance with Division 1 of the 

Specifications. 
B. Process product data and shop drawings to insure that the proposed materials, 

equipment and devices conform to the requirements of the Contract Documents, and that 
there are no omissions or duplications.  Provide layouts, fabrication information and data 
for systems, materials, equipment and devices proposed for the project. 

C. Submittals shall be provided for review and approval on all systems, equipment, devices 
and materials proposed for use on this project.  Submittals shall include, but not be limited 
to, the following: 
1 Lighting and Appliance Panelboards 
2 Disconnect Switches 
3 Circuit Breakers and Fuses 
4 Materials:  conduit, conductors, connectors, supports, etc. 
5 Lighting Fixtures, Lamps and Control Systems/Devices 
6 Wiring Devices 
7 Transformers 
8 Distribution Panelboards 
9 Motor Control Center 
10 As indicated on each submittal section 

D. The product data shall not consist of manufacturer's catalogs or cut sheets that contain 
no indication of the exact item offered.  The submission on individual items shall 
designate the exact item offered. 

E. Do not submit detailed quantitative listings of materials, equipment and devices.  It is the 
Contractor's responsibility to provide proper sizes and quantities to conform to Contract 
Documents. 

F. Assemble submittals on related items procured from a single manufacturer in bound 
brochures or other suitable package form, rather than submitting a multiplicity of loose 
sheets. 

G. Prepare shop drawings whenever equipment proposed varies in physical size and 
arrangement from that indicated thus causing rearrangement of equipment space, where 
tight spaces require extreme coordination between this work and other work, where called 
for elsewhere in these Specifications and where specifically requested by the Owner's 
Representative.  Shop drawings shall be prepared at a scale of not less than 1/4 inch 
equals 1 foot. 

H. The Contractor shall sign the submittal as an indication of compliance with the Contract 
Documents.  If there are any deviations from the Contract Documents, he shall so 
indicate on the submittal.  Any deviations not so indicated shall be cause for rejection and 
removal of the non-complying equipment at the Contractor’s expense. 

1.12 SUBSTITUTIONS 
A. Where a single manufacturer is mentioned by trade name or manufacturer's name, 

unless specifically noted otherwise, it is the only manufacturer that will be accepted. 
 

B. Where multiple manufacturers are listed, none other than those manufacturers will be 
accepted. 

C. Manufacturers not listed will be considered for substitution prior to bid only.  The 
substitute manufacturer shall submit a complete copy of the appropriate technical 
specification section minimum seven (7) business days prior to bid with each sub-
paragraph noted with the comment, "compliance", "deviation", "alternate" or “not 
applicable”.  In the case of non-primary, vendor-supplied items, the name of the sub-
vendor supplying said item, including model number, shall be indicated. 
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1 By noting the term "compliance" or "C", it shall be understood that the 
manufacturer is in full compliance with the item specified and will provide exactly 
the same with no deviations. 

2 By noting the term "deviation" or "D", it shall be understood that the manufacturer 
prefers to provide a different component in lieu of that specified.  Manufacturer 
shall indicate all deviations. 

 
3 By noting the term "alternate" or "A", it shall be understood that the manufacturer 

proposes to provide the same operating function but prefers to do it in a different 
manner.  An alternate shall be fully described as to what the manufacturer 
proposes to provide. 

4 By noting the term “not applicable” or “N/A”, it shall be understood that the 
specified item is not applicable to the project. 

D. It shall be understood that space allocations have been made on the basis of present and 
known future requirements and the dimensions of items of equipment or devices of a 
particular manufacturer whether indicated or not.  If any item of equipment or device is 
offered in substitution which differs substantially in dimension or configuration from that 
indicated on the Drawings or specifications, provide as part of the submittal 1/4 inch 
equals 1 foot scaled drawings showing that the substitute can be installed in the space 
available without interfering with other portions of the work or with access for operations 
and maintenance in the completed project. 

E. Where substitute equipment or devices requiring different arrangement or connections 
from that indicated is accepted by the Owner's Representative, install the equipment or 
devices to operate properly and in harmony with the intent of the Contract Documents, 
making all incidental changes in piping, ductwork or wiring resulting from the equipment 
or device selection without any additional cost to the Owner.  The Contractor shall pay all 
additional costs incurred by other portions of the work in connection with the substituted 
equipment or device. 

F. The Owner's Representative reserves the right to call for samples of any item of material, 
equipment or device offered in substitution, together with a sample of the specific item 
when, in their opinion, the quality of the item and/or the appearance is involved, and it is 
deemed that an evaluation of the item may be better made by visual inspection. 

G. When any request for a substitution of material, equipment or device is submitted and 
rejected, the item named in the Contract Documents shall be furnished.  Repetitive 
submittal of substitutions for the same item will not be considered. 

1.13 INSTALLATION DRAWINGS 
A. Prepare installation drawings for coordinating the work of this Division with the work of 

other Divisions, to illustrate its concealment in finished spaces, to avoid obstructions, and 
to demonstrate the adaptability of any item of material, equipment or device in the space 
upon which the Contract Documents are based. 

B. Use these drawings in the field for the actual installation of this work.  Provide three (3) 
copies, not for approval, to the Owner's Representative for his information,  review and 
record. 

1.14 WORKMANSHIP AND INSTALLATION 
A. In no case shall the Contractor provide a class of material, equipment, device or 

workmanship less than that required by the Contract Documents or applicable codes, 
regulations, ordinances or standards.  All modifications which may be required by a local 
authority having legal jurisdiction over all or any part of the work shall be made by the 
Contractor without any additional charge.  In all cases where such authority requires 
deviations from the requirements of the Drawings or Specifications, the Contractor shall 
report same to the Owner's Representative and shall secure his approval before the work 
is started. 

B. The work shall be performed by properly licensed technicians skilled in their respective 
trades.  All materials, equipment and devices shall be installed in accordance with the 
recommendations of the manufacturer and in the best standard practice to bring about 
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results of a first class condition. 
C. The NECA "Standards of Installation" as published by the National Electrical Contractors 

Association shall be considered a part of these Specifications, except as specifically 
modified by other provisions contained in these Specifications. 

1.15 INSPECTION OF SITE 
A. The accompanying drawings do not indicate existing installations other than to identify 

modifications of and extensions thereto.  The Contractor shall visit the site, inspect the 
installations and ascertain the conditions to be met and the work to be performed.  Failure 
to comply with this shall not constitute ground for any additional payments in connection 
with removing or modifying any part of the existing installations and/or installing any new 
work under this Division. 

B. Review construction details of the adjacent building presently under construction during 
the site inspection and include all work required to modify the existing installations and 
install new materials, comprising a part of the installation.  Review all construction details 
of the new  building as illustrated on the drawings and be guided thereby. 

1.16 WARRANTY 
A. All materials, equipment, devices and workmanship shall be warranted for a period of one 

year from the date of acceptance by the Owner's Representative for beneficial use by the 
Owner, except that where specific equipment is noted to have extended warranties.  The 
warranty shall be in accordance with AIA Document A201.  The Contractor shall be 
responsible for the proper registration of these warranties so that the Owner can make all 
proper claims should future need develop. 

B. The Contractor shall furnish to the Owner's Representative for transmittal to the Owner, 
the name, address and telephone number of those persons responsible for service on 
systems and equipment covered by the warranty. 

1.17 OPERATION PRIOR TO ACCEPTANCE 
A. When any equipment is operable, and it is to the advantage of the Contractor to operate 

the equipment, the Contractor may do so provided that he properly supervises the 
operation, and retains full responsibility for the equipment operated.  Regardless of 
whether or not the equipment has or has not been operated, the Contractor shall clean 
the equipment properly, make required adjustments and complete punch list items before 
final acceptance by the Owner. 

1.18 INSTRUCTION OF OWNER'S PERSONNEL 
A. Provide the services of competent engineers and/or technicians acceptable to the 

Owner's Representative to instruct other representatives of the Owner in the complete 
and detailed operation of each item of equipment or device of all the various electrical 
systems.  These instructions shall be provided for whatever periods may be necessary to 
accomplish the desired results.  Upon completion of these instructions, the Contractor 
shall obtain a letter of release, acknowledged by the Owner or his authorized 
representative, stating the dates on which the various kinds of instruction were given, and 
the personnel to whom the instructions were given. 

B. The Contractor shall be fully responsible for proper maintenance of equipment and 
systems until the instructions have been given to the Owner's personnel and the letter of 
release acknowledged. 

C. In providing the instructions to the Owner's personnel, the written operating and 
maintenance manuals shall be followed in all instances, and the Owner's personnel shall 
be familiarized with such manuals.  Operating and maintenance manuals used for 
instructions shall include wiring diagrams, manufacturer's operating and maintenance 
instructions, parts lists (with sources identified), and other data as appropriate for each 
system. 

1.19 SCHEDULE AND SEQUENCE OF WORK 
A. The Contractor shall meet and cooperate with the Owner and Owner's Representative to 

schedule and sequence this work so as to insure meeting scheduled completion dates 
and avoid delaying other portions of the work.  Work requiring special sequencing shall be 
at no additional cost to the Owner and shall have no impact on the schedule. 
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1.20 INSTALLATION INSPECTIONS AND CERTIFICATIONS 
 

A. Obtain timely inspections of the installation by the regulatory authorities.  Remedy any 
deficiencies to the satisfaction of the inspecting official. 

B. Upon final completion of the work, obtain certificates of acceptance from the regulatory 
authorities.  Deliver the certificates to the Owner's Representative for transmission to the 
Owner. 

1.21 EQUIPMENT INSTALLATION 
A. Install equipment and devices in a manner to permit access to all surfaces or 

components, requiring such access, without the need to disassemble other unrelated 
parts of the work. 

B. Equipment specified to be factory assembled and tested prior to shipment shall not be 
disassembled at the job site and reassembled at its final location.  Apparatus not so 
specified may be disassembled and reassembled in the proper location. 

C. Furnish all scaffolding, rigging and hoisting required for the installation of all the work. 
1.22 CONCRETE HOUSEKEEPING PADS 
 

A. Concrete housekeeping pads shall be provided for all floor mounted equipment, unless 
noted or required otherwise. 

B. All pads shall be not less than 3-1/2" high and extend a maximum 3" beyond the actual 
equipment size.  Coordinate the proper size of the pad with the equipment furnished.  
Pads shall be poured in forms built of new dressed lumber with corners chamfered using 
sheet metal or triangular wood strips nailed to the form.  Use 6 x 6 No. 3 mesh for 
reinforcing.  Install heavy duty adjustable anchor bolts, set in the form and positioned 
using templates, prior to pouring concrete.  After the equipment is set on the pad, the 
equipment shall be aligned, leveled and fully grouted to the pad and all void spaces shall 
be filled with a non-shrinking grout. 

C. Perform all concrete work specified to be provided under this Division in strict accordance 
with the applicable provisions of Division 3, CONCRETE. 

1.23 SLEEVES 
A. Each conduit, regardless of material, which passes through a concrete slab, masonry 

wall, or roof or portion of the building structure shall be free from the structure and shall 
pass through a sleeve. 

B. All sleeves shall be constructed from electrical-metallic tubing or equivalent weight 
galvanized steel tubing and shall be flush on both sides of the surface penetrated, unless 
noted otherwise.  All sleeves penetrating the roof areas shall extend a minimum 10 inches 
above the roof with approved weatherproof counterflashing attached to the conduit above 
the roof.  All sleeves penetrating floors shall extend a minimum of 6 inches above the 
finished floors.  The sleeves shall be sized to allow free passage of the conduit to be 
inserted. 

C. Sleeves passing through walls or floors on or below grade or in moist areas shall be 
constructed of galvanized rigid steel and shall be designed with a suitable flange in the 
center to form a waterproof passage.  After the conduit has been installed in the sleeves, 
the void space around the conduit shall be caulked and filled with an asphalt-base 
compound to insure a waterproof penetration.  Jute twine caulking shall not be used due 
to susceptibility to termite infestation. 

1.24 ESCUTCHEONS 
A. In each finished space, provided a chromium plated, sectional escutcheon on each 

conduit, or hanger rod penetrating a wall, floor or ceiling. 
B. Size escutcheons and collars to fit snugly around conduit and rods. 
C. Where required, provide escutcheons with set screws so that they fit snugly against the 

finished surface. 
1.25 ACCESS PANELS 

A. Provide wall and ceiling access panels for unrestricted access to all concealed electrical 
equipment items and devices installed behind furrings, chases or non-removable 
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suspended ceilings. 
B. Access panels shall be UL listed and labeled as required to suit the fire rating of the 

surface in which installed, with mounting straps, concealed hinges, screwdriver locks, 180 
degree open door design, 16 gauge steel construction and door and frame finished in 
prime coat finish.  Panels shall be 12-inch by 12-inch minimum size, but shall be larger as 
the access requirement of the concealed electrical equipment item or device increases. 

1.26 SEALING OF PENETRATIONS 
A. All penetrations in horizontal or vertical fire-rated construction shall be sealed using 

approved fire-rated sealing materials equivalent to the following: 
1 Foam:  Dow Corning 3-6548 RTV silicone foam, liquid component Part 4 (black) 

and liquid component Part B (off-white). 
2 Sealant:  Dow Corning 96-081 RTV silicone adhesive sealant. 
3 Damming Materials:  Mineral fiberboard, mineral fiber matting, mineral fiber putty, 

plywood or particle board, as selected by applicator. 
B. Preparation:  Remove combustible materials and loose impediments from penetration 

opening and involved surfaces.  Remove free liquid and oil from penetration surfaces. 
C. Installation:  In accordance with manufacturer's instructions, install damming materials 

and sealant to cover and seal penetration openings; inject foam mixtures into openings. 
D. In addition to the Dow Corning products, equal products by Spec Seal Firestop Products, 

3M Fire Barrier or CS240 Firestop are acceptable. 
1.27 PROTECTION OF APPARATUS 

A. At all times take every precaution to properly protect apparatus from damage due to dust, 
dirt, water, etc. or from damage due to physical forces.  Include the erection of temporary 
shelters as required, to adequately protect any apparatus stored at the site, the cribbing of 
any apparatus directly above the construction, and the covering of apparatus in the 
incomplete building with tarpaulins or other protective covering.  Failure on the part of the 
Contractor to comply with the above to the entire satisfaction of the Owner's 
Representative will be sufficient cause for the rejection of the pieces of apparatus in 
question. 

B. Responsibility for the protection of apparatus extend also to existing apparatus involved in 
this Division of the work, whether such apparatus is designated to be used temporarily 
and later removed, or is to be reused as a part of the permanent installation.  Erect 
temporary sheltering structures, provide temporary bracing and supports, or cover 
equipment as required or directed to afford proper protection for that equipment. 

C. The Contractor shall protect this work and the work of all other Contractors from damage 
by his work or workmen and shall make good any damage thus caused.  He shall also be 
responsible for the proper protection of his equipment, machinery, materials and 
accessories delivered and installed on the job. 

1.28 INSTALLATION OF CONTROL AND OPERATING DEVICES 
A. The highest operable part of controls (light switches, dimmer switches, emergency power 

off devices, etc.), receptacles (electrical and communications) and other operable devices 
shall be 48" above finish floor.  The lowest operable part shall be no less than 15" above 
finished floor.  For purposes of uniformity, unless noted otherwise, the top of a device 
shall be maximum 48" AFF and the bottom of a device shall be minimum 15" AFF.  Refer 
to the electrical symbols list on the Drawings for specific requirements. 

B. Visual alarm appliances shall be placed 80" above finished floor (the highest floor level 
within a space) or 6" below the ceiling, whichever is lower. 

1.29 INSTALLATION AND CONNECTION OF OTHER DIVISION'S EQUIPMENT 
A. Verify the electrical requirements of all equipment furnished under other Divisions, 

separate contracts, or by the Owner.  Install conduit, power wiring, control wiring, devices, 
etc. as required for complete operation of all equipment. 

1.30 OPTION TO RELOCATE OUTLETS AND RELATED DEVICES 
A. The location of power, data and telephone outlets, wall switches and other related devices 

may be relocated at the Owner's option, at no additional cost to the Owner, to a point 
within 10 feet of their present location provided the Contractor is notified prior to 
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installation. 
 
1.31 COOPERATION AND CLEAN-UP 

A. It shall be the responsibility of the Contractor to cooperate fully to keep the job site in a 
clean and safe condition.  Upon the completion of the job, the Contractor shall 
immediately remove all of his tools, equipment, surplus materials and debris. 

B. After the installation is complete, and before the equipment is energized, clean the interior 
and exterior of all equipment thoroughly.  Clean equipment, removing all debris, rubbish 
and foreign materials.  Each component shall be cleaned and all dust and other foreign 
material removed.  Components shall be cleaned of oxidation.  The inside and outside of 
all switchgear shall also be wiped clean with a lemon-oil rag after all other cleaning is 
complete. 

C. Any portion of the work requiring touch-up finishing shall be so finished to equal the 
specified finish on the product. 

1.32 RECORD DRAWINGS AND DOCUMENTATION FOR OWNER 
A. The Contractor shall obtain at his own expense a complete set of blueline prints on which 

to keep an accurate record of the installation of all materials, equipment and devices covered by 
the Contract.  The Contractor shall record up to date information at least once a week and retain 
the set of prints on site for periodic review by the Architect/Engineer.  The record drawings shall 
indicate the location of all equipment and devices, and the routing of all systems.  If the 
Contractor prepared large scale installation drawings of electrical rooms, conduit routing, 
busduct, routing, etc., these drawings or reproducible sepias therefrom shall be revised as 
required to accurately illustrate the actual installation.  All conduit buried in concrete slabs, walls 
and below grade shall be located by dimension; both horizontally and by vertical elevation, 
unless a surface mounted device in each space indicates the exact location. 

B. Upon anticipated completion of the job, obtain one complete reproducible set of the 
original drawings on which to neatly, legibly and accurately transfer all project related notations 
and deliver these record drawings to the Architect/Engineer at job completion before final 
payment and delivery to the Owner.  This information shall be delivered prior to final 
acceptance. 

C. The Contractor shall accumulate in duplicate during the job progress, the following data 
prepared in indexed 3-ring looseleaf, hard-back binders sized for 8-1/2 inch by 11 inch 
sheets.  No binder shall exceed 3-1/2 inches thick.  This data shall be turned over to the 
Owner's Representative for review and subsequent delivery to the Owner prior to final 
acceptance. 
1 Warranties, guarantees and manufacturer's directions on material, equipment and 

devices covered by the Contract. 
2 Approved lighting fixture brochures, wiring diagrams and control diagrams. 
3 Copies of approved submittals and shop drawings. 
4 Operating instructions and recommended maintenance procedures for major 

apparatus. 
5 Copies of all other data and/or drawings required during construction. 
6 Repair parts list of major apparatus, including name, address and telephone number of 

local supplier or representative. 
7 Tag charts and diagrams hereinbefore specified. 

1.33 FINAL OBSERVATION 
A. The purpose of the final observation is to determine whether the Contractor has 

completed the construction in accordance with the Contract Documents and that in the 
Owner Representative's opinion the installation is satisfactory for final acceptance by the 
Owner. 

B. It shall be the responsibility of the Contractor to assure that the installation is ready for 
final acceptance prior to calling upon the Owner's Representative to make a final 
observation. 

 
PART 2 - PRODUCTS  (NOT USED) 
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END OF SECTION 
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SECTION 16050 
BASIC ELECTRICAL MATERIALS AND METHODS 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS  

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes the following: 

1. Raceways. 
2. Building wire and connectors. 
3. Supporting devices for electrical components. 
4. Electrical identification. 
5. Electricity-metering components. 
6. Concrete equipment bases. 
7. Electrical demolition. 
8. Cutting and patching for electrical construction. 
9. Touchup painting. 

1.3 DEFINITIONS 
A. EMT:  Electrical metallic tubing. 
B. FMC:  Flexible metal conduit. 
C. IMC:  Intermediate metal conduit. 
D. LFMC:  Liquidtight flexible metal conduit. 
E. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 
A. Product Data:  For electricity-metering equipment. 
B. Shop Drawings:  Dimensioned plans and sections or elevation layouts of electricity-metering 

equipment. 
C. Field Test Reports:  Indicate and interpret test results for compliance with performance require-

ments. 
1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for in-
tended use. 

B. Comply with NFPA 70. 
1.6 COORDINATION 

A. Coordinate chases, slots, inserts, sleeves, and openings with general construction work and ar-
range in building structure during progress of construction to facilitate the electrical installations 
that follow. 
1. Set inserts and sleeves in poured-in-place concrete, masonry work, and other structural 

components as they are constructed. 
B. Sequence, coordinate, and integrate installing electrical materials and equipment for efficient 

flow of the Work.  Coordinate installing large equipment requiring positioning before closing in 
the building. 

C. Coordinate electrical service connections to components furnished by utility companies. 
1. Coordinate installation and connection of exterior underground and overhead utilities and 

services, including provision for electricity-metering components. 
2. Comply with requirements of authorities having jurisdiction and of utility company provid-

ing electrical power and other services. 
D. Coordinate location of access panels and doors for electrical items that are concealed by fin-

ished surfaces.  Access doors and panels are specified in Division 8 Section "Access Doors." 
E. Where electrical identification devices are applied to field-finished surfaces, coordinate installa-

tion of identification devices with completion of finished surface. 
F. Where electrical identification markings and devices will be concealed by acoustical ceilings and 

similar finishes, coordinate installation of these items before ceiling installation. 
PART 2 - PRODUCTS 
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2.1 EQUIPMENT FOR UTILITY COMPANY'S ELECTRICITY METERING 
A. Current-Transformer Cabinets:  Comply with requirements of electrical power utility company. 
B. Meter Sockets:  Comply with requirements of electrical power utility company. 
C. Modular Meter Centers:  Factory-coordinated assembly of a main meter center circuit-breaker 

unit with wireways, tenant meter socket modules, and tenant branch circuit breakers arranged in 
adjacent vertical sections, complete with interconnecting buses. 
1. Housing:  NEMA 250, Type 3R enclosure. 
2. Tenant Branch Circuit Breakers:  Series combination rated to protect circuit breakers in 

downstream panelboards that have 10,000-A interrupting capacity, minimum. 
2.2 CONCRETE BASES 

A. Concrete Forms and Reinforcement Materials:  As specified in Division 3 Section "Cast-in-Place 
Concrete." 

B. Concrete:  3000-psi (20.7-MPa)

2.3 TOUCHUP PAINT 

, 28-day compressive strength as specified in Division 3 Section 
"Cast-in-Place Concrete." 

A. For Equipment:  Equipment manufacturer's paint selected to match installed equipment finish. 
B. Galvanized Surfaces:  Zinc-rich paint recommended by item manufacturer. 

PART 3 - EXECUTION 
3.1 ELECTRICAL EQUIPMENT INSTALLATION 

A. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange 
and install components and equipment to provide the maximum possible headroom. 

B. Materials and Components:  Install level, plumb, and parallel and perpendicular to other building 
systems and components, unless otherwise indicated. 

C. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components.  
Connect for ease of disconnecting, with minimum interference with other installations. 

D. Right of Way:  Give to raceways and piping systems installed at a required slope. 
3.2 RACEWAY AND CABLE INSTALLATION 

A. Conceal raceways and cables, unless otherwise indicated, within finished walls, ceilings, and 
floors. 

B. Install raceways and cables at least 6 inches (150 mm)

C. Use temporary raceway caps to prevent foreign matter from entering. 

 away from parallel runs of flues and 
steam or hot-water pipes.  Locate horizontal raceway runs above water and steam piping. 

D. Make conduit bends and offsets so ID is not reduced.  Keep legs of bends in the same plane 
and straight legs of offsets parallel, unless otherwise indicated. 

E. Use raceway and cable fittings compatible with raceways and cables and suitable for use and 
location. 

F. Install raceways embedded in slabs in middle third of slab thickness where practical, and leave 
at least 1-inch (25-mm)
1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete 

placement. 

 concrete cover. 

2. Space raceways laterally to prevent voids in concrete. 
3. Install conduit larger than 1-inch trade size (DN27)

4. Transition from nonmetallic tubing to Schedule 80 nonmetallic conduit, rigid steel conduit, 
or IMC before rising above floor. 

 parallel to or at right angles to main 
reinforcement.  Where conduit is at right angles to reinforcement, place conduit close to 
slab support. 

5. Make bends in exposed parallel or banked runs from same centerline to make bends 
parallel.  Use factory elbows only where elbows can be installed parallel; otherwise, pro-
vide field bends for exposed parallel raceways. 

G. Install pull wires in empty raceways.  Use No. 14 AWG zinc-coated steel or monofilament plastic 
line with not less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm)

H. Install telephone and signal system raceways, 

 of 
slack at each end of the pull wire. 

2-inch trade size (DN53) and smaller, in maxi-
mum lengths of 150 feet (45 m) and with a maximum of two 90-degree bends or equivalent.  
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Separate lengths with pull or junction boxes where necessary to comply with these require-
ments, in addition to requirements above. 

I. Connect motors and equipment subject to vibration, noise transmission, or movement with a 
maximum of 72-inch (1830-mm)

J. Set floor boxes level and trim after installation to fit flush to finished floor surface. 

 flexible conduit.  Install LFMC in wet or damp locations.  Install 
separate ground conductor across flexible connections. 

3.3 ELECTRICAL SUPPORTING DEVICE APPLICATION 
A. Damp Locations and Outdoors:  Hot-dip galvanized materials or nonmetallic, U-channel system 

components. 
B. Dry Locations:  Steel materials. 
C. Support Clamps for PVC Raceways:  Click-type clamp system. 
D. Selection of Supports:  Comply with manufacturer's written instructions. 
E. Strength of Supports:  Adequate to carry present and future loads, times a safety factor of at 

least four; minimum of 200-lb (90-kg)
3.4 SUPPORT INSTALLATION 

 design load. 

A. Install support devices to securely and permanently fasten and support electrical components. 
B. Install individual and multiple raceway hangers and riser clamps to support raceways.  Provide 

U-bolts, clamps, attachments, and other hardware necessary for hanger assemblies and for se-
curing hanger rods and conduits. 

C. Support parallel runs of horizontal raceways together on trapeze- or bracket-type hangers. 
D. Size supports for multiple raceway installations so capacity can be increased by a 25 percent 

minimum in the future. 
E. Support individual horizontal raceways with separate, malleable-iron pipe hangers or clamps. 
F. Install 1/4-inch- (6-mm-)

G. Spring-steel fasteners specifically designed for supporting single conduits or tubing may be 
used instead of malleable-iron hangers for 

 diameter or larger threaded steel hanger rods, unless otherwise indi-
cated. 

1-1/2-inch (38-mm)

H. Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried 
entirely by raceway supports, with no weight load on raceway terminals. 

 and smaller raceways serving 
lighting and receptacle branch circuits above suspended ceilings and for fastening raceways to 
slotted channel and angle supports. 

I. Simultaneously install vertical conductor supports with conductors. 
J. Separately support cast boxes that are threaded to raceways and used for fixture support.  

Support sheet-metal boxes directly from the building structure or by bar hangers.  If bar hangers 
are used, attach bar to raceways on opposite sides of the box and support the raceway with an 
approved fastener not more than 24 inches (610 mm)

K. Install metal channel racks for mounting cabinets, panelboards, disconnect switches, control 
enclosures, pull and junction boxes, transformers, and other devices unless components are 
mounted directly to structural elements of adequate strength. 

 from the box. 

L. Install sleeves for cable and raceway penetrations of concrete slabs and walls unless core-
drilled holes are used.  Install sleeves for cable and raceway penetrations of masonry and fire-
rated gypsum walls and of all other fire-rated floor and wall assemblies.  Install sleeves during 
erection of concrete and masonry walls. 

M. Securely fasten electrical items and their supports to the building structure, unless otherwise in-
dicated.  Perform fastening according to the following unless other fastening methods are indi-
cated: 
1. Wood:  Fasten with wood screws or screw-type nails. 
2. Masonry:  Toggle bolts on hollow masonry units and expansion bolts on solid masonry 

units. 
3. New Concrete:  Concrete inserts with machine screws and bolts. 
4. Existing Concrete:  Expansion bolts. 
5. Instead of expansion bolts, threaded studs driven by a powder charge and provided with 

lock washers may be used in existing concrete. 
6. Steel:  Welded threaded studs or spring-tension clamps on steel. 

a. Field Welding:  Comply with AWS D1.1. 
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7. Welding to steel structure may be used only for threaded studs, not for conduits, pipe 
straps, or other items. 

8. Light Steel:  Sheet-metal screws. 
9. Fasteners:  Select so the load applied to each fastener does not exceed 25 percent of its 

proof-test load. 
3.5 IDENTIFICATION MATERIALS AND DEVICES 

A. Install at locations for most convenient viewing without interference with operation and mainte-
nance of equipment. 

B. Coordinate names, abbreviations, colors, and other designations used for electrical identifica-
tion with corresponding designations indicated in the Contract Documents or required by codes 
and standards.  Use consistent designations throughout Project. 

C. Self-Adhesive Identification Products:  Clean surfaces before applying. 
D. Identify raceways and cables with color banding as follows: 

1. Bands:  Pretensioned, snap-around, colored plastic sleeves or colored adhesive marking 
tape.  Make each color band 2 inches (51 mm)

2. Band Locations:  At changes in direction, at penetrations of walls and floors, at 

 wide, completely encircling conduit, and 
place adjacent bands of two-color markings in contact, side by side. 

50-foot 
(15-m) maximum intervals in straight runs, and at 25-foot (8-m)

3. Colors:  As follows: 

 maximum intervals in 
congested areas. 

a. Fire Alarm System:  Red. 
b. Security System:  Blue and yellow. 
c. Telecommunication System:  Green and yellow. 

E. Tag and label circuits designated to be extended in the future.  Identify source and circuit num-
bers in each cabinet, pull and junction box, and outlet box.  Color-coding may be used for volt-
age and phase identification. 

F. Install continuous underground plastic markers during trench backfilling, for exterior under-
ground power, control, signal, and communication lines located directly above power and com-
munication lines.  Locate 6 to 8 inches (150 to 200 mm) below finished grade.  If width of multi-
ple lines installed in a common trench or concrete envelope does not exceed 16 inches (400 
mm)

G. Color-code 208/120-V system secondary service, feeder, and branch-circuit conductors 
throughout the secondary electrical system as follows: 

, overall, use a single line marker. 

1. Phase A:  Black. 
2. Phase B:  Red. 
3. Phase C:  Blue. 
4. Neutral:  White. 
5. Ground:  Green. 

H. Color-code 480/277-V system secondary service, feeder, and branch-circuit conductors 
throughout the secondary electrical system as follows: 
1. Phase A:  BROWN. 
2. Phase B:  ORANGE. 
3. Phase C:  YELLOW. 
4. Neutral:  White with a colored stripe or gray. 
5. Ground:  Green. 

I. Install warning, caution, and instruction signs where required to comply with 29 CFR, Chap-
ter XVII, Part 1910.145, and where needed to ensure safe operation and maintenance of elec-
trical systems and of items to which they connect.  Install engraved plastic-laminated instruction 
signs with approved legend where instructions are needed for system or equipment operation.  
Install metal-backed butyrate signs for outdoor items. 

J. Install engraved-laminated emergency-operating signs with white letters on red background with 
minimum 3/8-inch- (9-mm-)

3.6 UTILITY COMPANY ELECTRICITY-METERING EQUIPMENT 

 high lettering for emergency instructions on power transfer, load 
shedding, and other emergency operations. 
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A. Install equipment according to utility company's written requirements.  Provide grounding and 
empty conduits as required by utility company. 

3.7 FIRESTOPPING 
A. Apply firestopping to cable and raceway penetrations of fire-rated floor and wall assemblies to 

achieve fire-resistance rating of the assembly.  Firestopping materials and installation require-
ments are specified in Division 7 Section "Firestopping." 

3.8 CONCRETE BASES 
A. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger, 

in both directions, than supported unit.  Follow supported equipment manufacturer's anchorage 
recommendations and setting templates for anchor-bolt and tie locations, unless otherwise indi-
cated.  Use 3000-psi (20.7-MPa)

3.9 CUTTING AND PATCHING 

, 28-day compressive-strength concrete and reinforcement as 
specified in Division 3 Section "Cast-in-Place Concrete." 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces required to 
permit electrical installations.  Perform cutting by skilled mechanics of trades involved. 

B. Repair and refinish disturbed finish materials and other surfaces to match adjacent undisturbed 
surfaces.  Install new fireproofing where existing firestopping has been disturbed.  Repair and 
refinish materials and other surfaces by skilled mechanics of trades involved. 

3.10 FIELD QUALITY CONTROL 
A. Inspect installed components for damage and faulty work, including the following: 

1. Raceways. 
2. Building wire and connectors. 
3. Supporting devices for electrical components. 
4. Electrical identification. 
5. Electricity-metering components. 
6. Concrete bases. 
7. Electrical demolition. 
8. Cutting and patching for electrical construction. 
9. Touchup painting. 

B. Test Owner's electricity-metering installation for proper operation, accuracy, and usability of 
output data. 
1. Connect a load of known kW rating, 1.5 kW minimum, to a circuit supplied by the metered 

feeder. 
2. Turn off circuits supplied by the metered feeder and secure them in the "off" condition. 
3. Run the test load continuously for eight hours, minimum, or longer to obtain a measura-

ble meter indication.  Use a test load placement and setting that ensure continuous, safe 
operation. 

4. Check and record meter reading at end of test period and compare with actual electricity 
used based on test load rating, duration of test, and sample measurements of supply 
voltage at the test load connection.  Record test results. 

5. Repair or replace malfunctioning metering equipment or correct test setup; then retest.  
Repeat for each meter in installation until proper operation of entire system is verified. 

3.11 REFINISHING AND TOUCHUP PAINTING 
A. Refinish and touch up paint.  Paint materials and application requirements are specified in Divi-

sion 9 Section "Painting." 
1. Clean damaged and disturbed areas and apply primer, intermediate, and finish coats to 

suit the degree of damage at each location. 
2. Follow paint manufacturer's written instructions for surface preparation and for timing and 

application of successive coats. 
3. Repair damage to galvanized finishes with zinc-rich paint recommended by manufactur-

er. 
4. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 
3.12 CLEANING AND PROTECTION 
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A. On completion of installation, including outlets, fittings, and devices, inspect exposed finish.  
Remove burrs, dirt, paint spots, and construction debris. 

B. Protect equipment and installations and maintain conditions to ensure that coatings, finishes, 
and cabinets are without damage or deterioration at time of Substantial Completion.   

 
 
 

END OF SECTION 
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SECTION 16055 
SITE ELECTRICAL 

PART 1 GENERAL 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 
Specification sections, apply to work covered by this Section. 

1.2 SCOPE OF WORK 
A. Provide labor, materials, equipment, tools and services, and perform operations required for, 

and reasonably incidental to, the providing of all site electrical work. 
B. The site electrical work shall include, but not be limited to, the furnishing and installation of 

necessary materials and making arrangements for: 
1. The connection of electrical and telephone utilities. 
2. Underground conduit. 

1.3 SUBMITTALS 
A. Submit product data and shop drawings in accordance with Division 1 for products specified 

under  PARTS 2 PRODUCTS. 
1.4 REFERENCE STANDARDS 

A. National Electrical Code (NEC), Article 300 
B. Service installation standards of the serving utility company(s). 

PART 2 PRODUCTS 
2.1 ELECTRICAL SERVICE 

A. Coordination:  The location of the service entrance shall be coordinated with all other trades.  
Provide materials and equipment required to connect the electrical service.  Contractor shall 
coordinate with the Power Company for all requirements prior to bid date.  Contractor shall include 
all cost to for Utility Company to extend service to project site bid. 

B. Materials:  Provide materials in accordance with other Sections of these Specifications. 
2.2 COMMUNICATION SERVICE 

A. Coordination:  The location of the telephone, cable, and internet service entrance shall be 
coordinated with all other trades.  Provide materials and equipment required to connect the 
telephone, cable and internet services.  Contractor shall coordinate with the Telephone , cable, 
and internet company for all requirements prior to bid date.  Contractor is responsible to coordinate 
with utility companies. 

B. Materials:  Provide materials in                     accordance with other sections of                 this 
specification. 

PART 3 EXECUTION 
3.1 GENERAL 

A. Underground installation of more than one conduit shall be in a duct arrangement as 
indicated.  All conduits shall be laid so joints are staggered.  All bends and stub-ups shall be 
rigid steel. 

B. Pour a red colored concrete envelope 3" thick over utility service, emergency generator and 
fire pump conduits.  Where conduits cross a driveway, road or parking area, reinforcing rods 
shall be installed. 

C. Perform excavation, shoring, backfilling and concrete work in connection with electrical work 
in accordance with other Divisions of the Specifications. 

D. All conduit shall be sloped away from the building to negate water entering the building 
through the conduit system. 

3.2 UTILITIES 
A. The locations, elevations and voltage of electrical lines and the location of the telephone lines 

included within the area of this work are indicated on the Drawings or in the Specifications in 
accordance with information received by the Architect/Engineer and Owner. 

B. The Contractor shall examine the site and shall verify, to his own satisfaction, the location 
and elevation of all utilities, and shall adequately inform himself as to their relation to the work. 
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C.  Existing utility lines not indicated but encountered during construction shall be protected, 
relocated or capped as directed by the Architect/Engineer.  All precautions shall be exercised to 
prevent damage to existing lines not shown, but should work become necessary, it must be 
authorized prior to execution except in an emergency situation. 

D. Before beginning excavations of any nature whatsoever, the Contractor shall make an 
attempt to locate all underground utilities of every nature occurring within the bounds of the area 
to be excavated.  The Contractor shall then proceed with caution in his excavation work so that 
no utility shall be damaged with a resultant loss of service. 

E. Should a damage result to any utility through the Contractor's negligence or failure to comply 
with the above directive, he shall be liable for such damage and for all expense incurred in the 
expeditious repair or replacement of such damaged utilities. 

F. Repair of damaged utilities shall be to a condition equal to or better than the adjacent 
undamaged portion of such utility and to the complete satisfaction of the Architect/Engineer and 
Owner. 

 
 

END OF SECTION 
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SECTION 16060 
GROUNDING AND BONDING 

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 grounding and bonding of electrical systems and equipment.  Grounding 

requirements specified in this Section may be supplemented by special requirements of 
systems described in other Sections. 

B. Related Sections include the following: 
1. Division 2 Section "Underground Ducts and Utility Structures" for ground test wells. 

1.3 SUBMITTALS 
A. Product Data:  For each type of product indicated. 
B. Product Data:  For the following: 

1. Ground rods. 
2. Chemical rods. 

C. Qualification Data:  For firms and persons specified in "Quality Assurance" Article. 
D. Field Test Reports:  Submit written test reports to include the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 
1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 
1. Comply with UL 467. 

B. Comply with NFPA 70; for overhead-line construction and medium-voltage underground 
construction, comply with IEEE C2. 

C. Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system. 
PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. Grounding Conductors, Cables, Connectors, and Rods: 

a. Apache Grounding/Erico Inc. 
b. Boggs, Inc. 
c. Chance/Hubbell. 
d. Copperweld Corp. 
e. Dossert Corp. 
f. Erico Inc.; Electrical Products Group. 
g. Framatome Connectors/Burndy Electrical. 
h. Galvan Industries, Inc. 
i. Hastings Fiber Glass Products, Inc. 
j. Ideal Industries, Inc. 
k. ILSCO. 
l. Kearney/Cooper Power Systems. 
m. Korns:  C. C. Korns Co.; Division of Robroy Industries. 
n. Lyncole XIT Grounding. 
o. O-Z/Gedney Co.; a business of the EGS Electrical Group. 
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p. Raco, Inc.; Division of Hubbell. 
q. Robbins Lightning, Inc. 
r. Salisbury:  W. H. Salisbury & Co. 
s. Thomas & Betts, Electrical. 

2.2 GROUNDING CONDUCTORS 
A. For insulated conductors, comply with Division 16 Section "Conductors and Cables." 
B. Material:  copper. 
C. Equipment Grounding Conductors:  Insulated with green-colored insulation. 
D. Isolated Ground Conductors:  Insulated with green-colored insulation with yellow stripe.  On 

feeders with isolated ground, use colored tape, alternating bands of green and yellow tape to 
provide a minimum of three bands of green and two bands of yellow. 

E. Grounding Electrode Conductors:  Stranded cable. 
F. Underground Conductors:  stranded, unless otherwise indicated. 
G. Copper Bonding Conductors:  As follows: 

1. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG copper conductor, 1/4 inch (6.4 
mm)

2. Bonding Conductor:  No. 4 AWG, stranded copper conductor. 
 in diameter. 

3. Bonding Jumper:  Bare copper tape, braided bare copper conductors, terminated with 
copper ferrules; 1-5/8 inches (42 mm) wide and 1/16 inch (1.5 mm)

4. Tinned Bonding Jumper:  Tinned-copper tape, braided copper conductors, terminated 
with copper ferrules; 

 thick. 

1-5/8 inches (42 mm) wide and 1/16 inch (1.5 mm)
H. Ground Conductor and Conductor Protector for Wood Poles:  As follows: 

 thick. 

1. No. 4 AWG minimum, soft-drawn copper conductor. 
2. Conductor Protector:  Half-round PVC or wood molding.  If wood, use pressure-treated 

fir, or cypress or cedar. 
I. Grounding Bus:  Bare, annealed copper bars of rectangular cross section, with insulators. 

2.3 CONNECTOR PRODUCTS 
A. Comply with IEEE 837 and UL 467; listed for use for specific types, sizes, and combinations of 

conductors and connected items. 
B. Bolted Connectors:  Bolted-pressure-type connectors, or compression type. 
C. Welded Connectors:  Exothermic-welded type, in kit form, and selected per manufacturer's 

written instructions. 
2.4 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad steel. 
1. Size:  3/4 by 120 inches (19 by 3000 mm)

PART 3 - EXECUTION 
 in diameter. 

3.1 APPLICATION 
A. Use only copper conductors for both insulated and bare grounding conductors in direct contact 

with earth, concrete, masonry, crushed stone, and similar materials. 
B. In raceways, use insulated equipment grounding conductors. 
C. Exothermic-Welded Connections:  Use for connections to structural steel and for underground 

connections, except those at test wells. 
D. Equipment Grounding Conductor Terminations:  Use bolted pressure clamps. 
E. Ground Rod Clamps at Test Wells:  Use bolted pressure clamps with at least two bolts. 
F. Grounding Bus:  Install in electrical and telephone equipment rooms, in rooms housing service 

equipment, and elsewhere as indicated. 
1. Use insulated spacer; space 1 inch (25.4 mm) from wall and support from wall 6 inches 

(150 mm)
2. At doors, route the bus up to the top of the door frame, across the top of the doorway, 

and down to the specified height above the floor. 

 above finished floor, unless otherwise indicated. 

G. Underground Grounding Conductors:  Use tinned copper conductor, No. 2/0 AWG minimum.  
Bury at least 24 inches (600 mm) below grade or bury 12 inches (300 mm) above duct bank 
when installed as part of the duct bank. 
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3.2 EQUIPMENT GROUNDING CONDUCTORS 
A. Comply with NFPA 70, Article 250, for types, sizes, and quantities of equipment grounding 

conductors, unless specific types, larger sizes, or more conductors than required by NFPA 70 
are indicated. 

B. Install equipment grounding conductors in all feeders and circuits. 
C. Install insulated equipment grounding conductor with circuit conductors for the following items, 

in addition to those required by NEC: 
1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 

D. Busway Supply Circuits:  Install insulated equipment grounding conductor from the grounding 
bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on 
busway. 

E. Computer Outlet Circuits:  Install insulated equipment grounding conductor in branch-circuit 
runs from computer-area power panels or power-distribution units. 

F. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor 
connected to the receptacle grounding terminal.  Isolate grounding conductor from raceway and 
from panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of 
the applicable derived system or service, unless otherwise indicated. 

G. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit 
or feeder, isolate equipment enclosure from supply raceway with a nonmetallic raceway fitting 
listed for the purpose.  Install fitting where raceway enters enclosure, and install a separate 
equipment grounding conductor.  Isolate equipment grounding conductor from raceway and 
from panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of 
the applicable derived system or service, unless otherwise indicated. 

H. Nonmetallic Raceways:  Install an equipment grounding conductor in nonmetallic raceways 
unless they are designated for telephone or data cables. 

I. Air-Duct Equipment Circuits:  Install an equipment grounding conductor to duct-mounted 
electrical devices operating at 120 V and more, including air cleaners and heaters.  Bond 
conductor to each unit and to air duct. 

J. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate equipment 
grounding conductor to each electric water heater, heat-tracing, and antifrost heating cable.  
Bond conductor to heater units, piping, connected equipment, and components. 

K. Signal and Communication Systems:  For telephone, alarm, voice and data, and other 
communication systems, provide No. 4 AWG minimum insulated grounding conductor in 
raceway from grounding electrode system to each service location, terminal cabinet, wiring 
closet, and central equipment location. 
1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding 

conductor on a 1/4-by-2-by-12-inch (6.4-by-50-by-300-mm)
2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal. 

 grounding bus. 

L. Metal Poles Supporting Outdoor Lighting Fixtures:  Provide a grounding electrode in addition to 
installing a separate equipment grounding conductor with supply branch-circuit conductors. 

3.3 INSTALLATION 
A. Ground Rods:  Install at least three rods spaced at least one-rod length from each other and 

located at least the same distance from other grounding electrodes. 
1. Drive ground rods until tops are 2 inches (50 mm) below finished floor or final grade, 

unless otherwise indicated. 
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2. Interconnect ground rods with grounding electrode conductors.  Use exothermic welds, 
except at test wells and as otherwise indicated.  Make connections without exposing steel 
or damaging copper coating. 

B. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise 
indicated.  Avoid obstructing access or placing conductors where they may be subjected to 
strain, impact, or damage. 

C. Bonding Straps and Jumpers:  Install so vibration by equipment mounted on vibration isolation 
hangers and supports is not transmitted to rigidly mounted equipment.  Use exothermic-welded 
connectors for outdoor locations, unless a disconnect-type connection is required; then, use a 
bolted clamp.  Bond straps directly to the basic structure taking care not to penetrate any 
adjacent parts.  Install straps only in locations accessible for maintenance. 

D. Metal Water Service Pipe:  Provide insulated copper grounding conductors, in conduit, from 
building's main service equipment, or grounding bus, to main metal water service entrances to 
building.  Connect grounding conductors to main metal water service pipes by grounding clamp 
connectors.  Where a dielectric main water fitting is installed, connect grounding conductor to 
street side of fitting.  Bond metal grounding conductor conduit or sleeve to conductor at each 
end. 

E. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  
Connect to pipe with grounding clamp connectors. 

F. Bond interior metal piping systems and metal air ducts to equipment grounding conductors of 
associated pumps, fans, blowers, electric heaters, and air cleaners.  Use braided-type bonding 
straps. 

G. Bond each aboveground portion of gas piping system upstream from equipment shutoff valve. 
H. Install one test well for each service at the ground rod electrically closest to the service 

entrance.  Set top of well flush with finished grade or floor. 
I. Ufer Ground (Concrete-Encased Grounding Electrode):  Fabricate according to NFPA 70, 

Paragraph 250-81(c), using a minimum of 20 feet (6 m) of bare copper conductor not smaller 
than No. 4 AWG.  If concrete foundation is less than 20 feet (6 m)

3.4 CONNECTIONS 

 long, coil excess conductor 
within the base of the foundation.  Bond grounding conductor to reinforcing steel in at least four 
locations and to anchor bolts.  Extend grounding conductor below grade and connect to building 
grounding grid or to a grounding electrode external to concrete. 

A. General:  Make connections so galvanic action or electrolysis possibility is minimized.  Select 
connectors, connection hardware, conductors, and connection methods so metals in direct 
contact will be galvanically compatible. 
1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make 

contact points closer to order of galvanic series. 
2. Make connections with clean, bare metal at points of contact. 
3. Make aluminum-to-steel connections with stainless-steel separators and mechanical 

clamps. 
4. Make aluminum-to-galvanized steel connections with tin-plated copper jumpers and 

mechanical clamps. 
5. Coat and seal connections having dissimilar metals with inert material to prevent future 

penetration of moisture to contact surfaces. 
B. Exothermic-Welded Connections:  Comply with manufacturer's written instructions.  Welds that 

are puffed up or that show convex surfaces indicating improper cleaning are not acceptable. 
C. Equipment Grounding Conductor Terminations:  For No. 8 AWG and larger, use pressure-type 

grounding lugs.  No. 10 AWG and smaller grounding conductors may be terminated with winged 
pressure-type connectors. 

D. Noncontact Metal Raceway Terminations:  If metallic raceways terminate at metal housings 
without mechanical and electrical connection to housing, terminate each conduit with a 
grounding bushing.  Connect grounding bushings with a bare grounding conductor to grounding 
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bus or terminal in housing.  Bond electrically noncontinuous conduits at entrances and exits with 
grounding bushings and bare grounding conductors, unless otherwise indicated. 

E. Connections at Test Wells:  Use compression-type connectors on conductors and make bolted- 
and clamped-type connections between conductors and ground rods. 

F. Tighten screws and bolts for grounding and bonding connectors and terminals according to 
manufacturer's published torque-tightening values.  If manufacturer's torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

G. Compression-Type Connections:  Use hydraulic compression tools to provide correct 
circumferential pressure for compression connectors.  Use tools and dies recommended by 
connector manufacturer.  Provide embossing die code or other standard method to make a 
visible indication that a connector has been adequately compressed on grounding conductor. 

H. Moisture Protection:  If insulated grounding conductors are connected to ground rods or 
grounding buses, insulate entire area of connection and seal against moisture penetration of 
insulation and cable. 

3.5 FIELD QUALITY CONTROL 
A. Testing:  Perform the following field quality-control testing: 

1. After installing grounding system but before permanent electrical circuitry has been 
energized, test for compliance with requirements. 

2. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal, and at ground test 
wells.  Measure ground resistance not less than two full days after the last trace of 
precipitation, and without the soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of reducing 
natural ground resistance.  Perform tests, by the fall-of-potential method according to 
IEEE 81. 

3.6 GRADING AND PLANTING 
A. Restore surface features, including vegetation, at areas disturbed by Work of this Section.  

Reestablish original grades, unless otherwise indicated.  If sod has been removed, replace it as 
soon as possible after backfilling is completed.  Restore areas disturbed by trenching, storing of 
dirt, cable laying, and other activities to their original condition.  Include application of topsoil, 
fertilizer, lime, seed, sod, sprig, and mulch.  Comply with Division 2 Section "Landscaping."  
Maintain restored surfaces.  Restore disturbed paving as indicated. 

END OF SECTION 
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SECTION 16075 

ELECTRICAL IDENTIFICATION                                      
 
 

PART 1 GENERAL 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification 
sections, apply to work covered by this Section. 

B. Comply with Division 16 Sections, as applicable.  Refer to other Divisions for coordination of work. 
1.2 SCOPE OF WORK 

A. Provide labor, material, equipment, tools and services, and perform operations required for, and reasonably 
incidental to, the providing of electrical identification, including related accessories. 

B. Provide electrical identification for the following: 
1. Panelboards, motor starters, contactors, disconnect switches, circuit breakers and other electrical 

equipment with nameplate identifying the item of equipment and the equipment serving the same. 
2. Raceways, junction boxes and pull boxes. 
1. Label each panelboard index indicating the room #s to the related circuit.  Also add the index sheet in a 

laminated white core, plastic with beveled edges, minimum 1/16 inch thick.  Lettering shall be machine-
engraved, not less than 1/4" high, cut through the black or red surface to the white core. 

3. Wiring devices. 
4. Wiring. 
5. Three phase motor rotation. 

1.3 SUBMITTALS 
A. Submit product data in accordance with Division 1 for products specified under PART 2 - PRODUCTS. 

PART 2 PRODUCTS 
2.1 ACCEPTABLE MANUFACTURERS 

B. Brady 
C. Panduit 
D. Thomas & Betts 
E. Seton 

2.2 IDENTIFICATION 
A. Nameplates 

1. Nameplates shall be black engraved surface on white core for normal power circuits and red engraved 
surface on white core for emergency power circuits. 

2. Provide for each distribution panelboard, branch circuit panelboard, transformer and any other similar 
equipment furnished under this Division identification as to its given name, voltage and origination of 
service.  Examples are as follows: 

 
        ‘MDP’           ‘K’ 

              208Y120V             208Y/120V 
                FED FROM ‘MS’ FED FROM ‘MDP’ 

 
3. Provide for each motor starter enclosure, circuit breaker enclosure, disconnect switch and any other 

similar equipment furnished under this Division, identification as to the specific load that it serves and the 
origination of service.  Examples are as follows: 

 
          ‘RTU-1'           ‘RTU-2' 

                 FED FROM ‘MDP'           FED FROM  ‘MDP’ 
 

4. Provide for each feeder protective device in each distribution panelboard and any other similar equipment 
furnished under this Division, identification as to the specific load that it serves. 

5. Nameplates shall be laminated, white core, plastic with beveled edges, minimum 1/16 inch thick.  
Lettering shall be machine-engraved, not less than 1/4" high, cut through the black or red surface to the 
white core. 

 B. Junction Boxes and Pull Boxes 
1. Identification shall be with a black permanent marking pen on the top of 4" x 4" junction box covers or on 

the back of an outlet box cover plate identifying the branch circuits and systems within the conduit.  Pull 
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boxes shall be provided with a nameplate stating voltage and system served. 
C. Wiring Device Wall Plates 

1. On the back side of wiring device wall plates identify with a black permanent marking pen the panelboard 
and branch circuit number the device is served from. 

D. Wire Markers 
1. Wire markers for identification of wiring shall be self-adhesive type having letters and numerals indicating 

serving equipment and feeder or branch circuit number. 
F. Rotation Tags 

1. Rotation tags shall be brass or aluminum securely attached to equipment. 
 

PART 3 EXECUTION 
 

3.1 PREPARATION 
A. Surfaces to receive labels or nameplates shall be carefully prepared in accordance with the manufacturer's 

instructions and recommendations. 
3.2 NAMEPLATES 

A. Nameplates shall be properly attached to identify panelboards, feeder circuit breakers, disconnect switches, pull 
boxes and other similar equipment furnished under this Division. 

3.3 WIRE MARKERS 
A. Wire markers shall be applied to each conductor or cable within panelboards, motor starter enclosures, circuit 

breaker enclosures, disconnect switches, cabinets, junction boxes, pull boxes, and other similar equipment 
identifying the serving equipment and feeder or branch circuit from which the conductors originate. 

 
 

END OF SECTION  
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SECTION 16120  
BUILDING WIRE AND CABLE 

 
 

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 building wires and cables and associated connectors, splices, and terminations for 

wiring systems rated 600 V and less. 
1.3 SUBMITTALS 

A. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements. 
1.4 QUALITY ASSURANCE 

A. Listing and Labeling:  Provide wires and cables specified in this Section that are listed and labeled. 
1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100. 

B. Comply with NFPA 70. 
1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver wires and cables according to NEMA WC 26. 
1.6 COORDINATION 

A. Coordinate layout and installation of cables with other installations. 
B. Revise locations and elevations from those indicated, as required to suit field conditions and as approved 

by Architect. 
PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that 
may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 
1. Wires and Cables: 

a. American Insulated Wire Corp.; Leviton Manufacturing Co. 
b. BICC Brand-Rex Company. 
c. Carol Cable Co., Inc. 
d. Senator Wire & Cable Company. 
e. Southwire Company. 

2. Connectors for Wires and Cables: 
a. AMP Incorporated. 
b. General Signal; O-Z/Gedney Unit. 
c. Monogram Co.; AFC. 
d. Square D Co.; Anderson. 
e. 3M Company; Electrical Products Division. 

2.2 BUILDING WIRES AND CABLES 
A. UL-listed building wires and cables with conductor material, insulation type, cable construction, and rating 

as specified in Part 3 "Wire and Insulation Applications" Article. 
B. Rubber Insulation Material:  Comply with NEMA WC 3. 
C. Thermoplastic Insulation Material:  Comply with NEMA WC 5. 
D. Ethylene Propylene Rubber Insulation Material:  Comply with NEMA WC 8. 
E. Conductor Material:  Copper. 
F. Stranding:  Solid conductor for No. 10 AWG and smaller; stranded conductor for larger than No. 10 AWG. 
G. Plenum rated cable for all cables above the ceiling.  

2.3 CONNECTORS AND SPLICES 
A. UL-listed, factory-fabricated wiring connectors of size, ampacity rating, material, type, and class for 

application and service indicated.  Comply with Project's installation requirements and as specified in 
Part 3 "Wire and Insulation Applications" Article. 

PART 3 - EXECUTION 
3.1 EXAMINATION 
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A. Examine raceways and building finishes to receive wires and cables for compliance with requirements for 
installation tolerances and other conditions affecting performance of wires and cables.  Do not proceed 
with installation until unsatisfactory conditions have been corrected. 

3.2 WIRE AND INSULATION APPLICATIONS 
A. Service Entrance:  Type RHW or THWN, in raceway. 
B. Feeders:  Type 75C insulation THHN/THWN, in raceway. 
C. Fire-Pump Feeder:  Type MI, 3-conductor. 
D. Branch Circuits:  Type THHN/THWN, in raceway. 
E. Fire Alarm Circuits:  Type THHN/THWN, in raceway. 
F. Class 1 Control Circuits:  Type THHN/THWN, in raceway. 
G. Class 2 Control Circuits:  Type THHN/THWN, in raceway. 
H. Equipment or any device rated 100 amperes or less, conductor shall be rated 60C as per National 

Electrical Code. 
I. Equipment or any device rated over 100 amperes, conductor shall be rated 75C as per National Electrical 

Code.  
3.3 INSTALLATION 

A. Install wires and cables as indicated, according to manufacturer's written instructions and NECA's 
"Standard of Installation." 

B. Remove existing wires from raceway before pulling in new wires and cables. 
C. Pull Conductors:  Use manufacturer-approved pulling compound or lubricant where necessary; compound 

used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not 
damage cables or raceway. 

E. Install exposed cables, parallel and perpendicular to surfaces of exposed structural members, and follow 
surface contours where possible. 

F. Support cables according to Division 16 Section "Basic Electrical Materials and Methods." 
G. Seal around cables penetrating fire-rated elements according to Division 7 Section "Firestopping." 
H. Identify wires and cables according to Division 16 Section "Basic Electrical Materials and Methods." 
I. Identify wires and cables according to Division 16 Section "Electrical Identification." 

3.4 CONNECTIONS 
A. Conductor Splices:  Keep to minimum. 
B. Install splices and tapes that possess equivalent or better mechanical strength and insulation ratings than 

conductors being spliced. 
C. Use splice and tap connectors compatible with conductor material. 
D. Use oxide inhibitor in each splice and tap connector for aluminum conductors. 
E. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm)
F. Connect outlets and components to wiring and to ground as indicated and instructed by manufacturer. 

 of slack. 

G. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening 
values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B. 

3.5 FIELD QUALITY CONTROL 
A. Testing:  On installation of wires and cables and before electrical circuitry has been energized, 

demonstrate product capability and compliance with requirements. 
1. Procedures:  Perform each visual and mechanical inspection and electrical test stated in NETA ATS, 

Section 7.3.1.  Certify compliance with test parameters. 
B. Correct malfunctioning conductors and cables at Project site, where possible, and retest to demonstrate 

compliance; otherwise, remove and replace with new units and retest. 
 

END OF SECTION 
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SECTION 16130 
RACEWAYS AND BOXES 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1. Raceways include the following: 
a. RMC. 
b. IMC. 
c. PVC externally coated, rigid steel conduits. 
d. PVC externally coated, IMC. 
e. EMT. 
f. FMC. 
g. LFMC. 
h. LFNC. 
i. RNC. 
j. ENT. 
k. Wireways. 
l. Surface raceways. 

2. Boxes, enclosures, and cabinets include the following: 
a. Device boxes. 
b. Floor boxes. 
c. Outlet boxes. 
d. Pull and junction boxes. 
e. Cabinets and hinged-cover enclosures. 

B. Related Sections include the following: 
1. Division 16 Section "Basic Electrical Materials and Methods" for raceways and box sup-

ports. 
2. Division 16 Section "Wiring Devices" for devices installed in boxes and for floor-box ser-

vice fittings. 
1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 
B. ENT:  Electrical nonmetallic tubing. 
C. FMC:  Flexible metal conduit. 
D. IMC:  Intermediate metal conduit. 
E. LFMC:  Liquidtight flexible metal conduit. 
F. LFNC:  Liquidtight flexible nonmetallic conduit. 
G. RMC:  Rigid metal conduit. 
H. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 
A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclo-

sures, and cabinets. 
B. Shop Drawings:  Include layout drawings showing components and wiring for nonstandard box-

es, enclosures, and cabinets. 
1.5 QUALITY ASSURANCE 

A. Listing and Labeling:  Provide raceways and boxes specified in this Section that are listed and 
labeled. 
1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100. 
2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing Laborato-

ry" as defined in OSHA Regulation 1910.7. 
B. Comply with NECA's "Standard of Installation." 
C. Comply with NFPA 70. 
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1.6 COORDINATION 
A. Coordinate layout and installation of raceways and boxes with other construction elements to 

ensure adequate headroom, working clearance, and access. 
PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the follow-
ing: 
1. Metal Conduit and Tubing: 

a. Alflex Corp. 
b. Anamet, Inc.; Anaconda Metal Hose. 
c. Anixter Brothers, Inc. 
d. Carol Cable Co., Inc. 
e. Cole-Flex Corp. 
f. Electri-Flex Co. 
g. Flexcon, Inc.; Coleman Cable Systems, Inc. 
h. Grinnell Co.; Allied Tube and Conduit Div. 
i. Triangle PWC, Inc. 
j. Wheatland Tube Co. 

2. Nonmetallic Conduit and Tubing: 
a. Arnco Corp. 
b. Cantex Industries; Harsco Corp. 
c. Certainteed Corp.; Pipe & Plastics Group. 
d. Cole-Flex Corp. 
e. Condux International; Electrical Products. 
f. Electri-Flex Co. 
g. George-Ingraham Corp. 
h. Hubbell, Inc.; Raco, Inc. 
i. Lamson & Sessions; Carlon Electrical Products. 
j. R&G Sloan Manufacturing Co., Inc. 
k. Spiraduct, Inc. 
l. Thomas & Betts Corp. 

3. Conduit Bodies and Fittings: 
a. American Electric; Construction Materials Group. 
b. Crouse-Hinds; Div. of Cooper Industries. 
c. Emerson Electric Co.; Appleton Electric Co. 
d. Hubbell, Inc.; Killark Electric Manufacturing Co. 
e. Lamson & Sessions; Carlon Electrical Products. 
f. O-Z/Gedney; Unit of General Signal. 

4. Metal Wireways: 
a. Hoffman Engineering Co. 
b. Keystone/Rees, Inc. 
c. Square D Co. 

2.2 METAL CONDUIT AND TUBING 
A. Rigid Steel Conduit:  ANSI C80.1. 
B. Rigid Aluminum Conduit:  ANSI C80.5. 
C. IMC:  ANSI C80.6. 
D. EMT and Fittings:  ANSI C80.3. 

1. Fittings:  Set-screw type. 
E. Fittings:  NEMA FB 1; compatible with conduit/tubing materials. 

2.3 NONMETALLIC CONDUIT AND TUBING 
A. RNC:  NEMA TC 2, Schedule 40 or 80 PVC. 
B. RNC Fittings:  NEMA TC 3; match to conduit or conduit/tubing type and material. 
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C. LFNC:  UL 1660. 
2.4 METAL WIREWAYS 

A. Material:  Sheet metal sized and shaped as indicated. 
B. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-

down straps, end caps, and other fittings to match and mate with wireways as required for com-
plete system. 

C. Select features, unless otherwise indicated, as required to complete wiring system and to com-
ply with NFPA 70. 

D. Wireway Covers:  Screw – cover type flanged-and-gasketed type. 
E. Finish:  Manufacturer's standard enamel finish. 

2.5 OUTLET AND DEVICE BOXES 
A. Sheet Metal Boxes:  NEMA OS 1. 
B. Cast-Metal Boxes:  NEMA FB 1, Type FD, cast box with gasketed cover. 

2.6 PULL AND JUNCTION BOXES 
A. Small Sheet Metal Boxes:  NEMA OS 1. 
B. Cast-Metal Boxes:  NEMA FB 1, cast aluminum with gasketed cover. 

2.7 ENCLOSURES AND CABINETS 
A. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous hinge cover and flush latch. 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 
2. Nonmetallic Enclosures:  Plastic, finished inside with radio-frequency-resistant paint. 

B. Cabinets:  NEMA 250, Type 1, galvanized steel box with removable interior panel and remova-
ble front, finished inside and out with manufacturer's standard enamel.  Hinged door in front 
cover with flush latch and concealed hinge.  Key latch to match panelboards.  Include metal bar-
riers to separate wiring of different systems and voltage, and include accessory feet where re-
quired for freestanding equipment. 

PART 3 - EXECUTION 
3.1 EXAMINATION 

A. Examine surfaces to receive raceways, boxes, enclosures, and cabinets for compliance with in-
stallation tolerances and other conditions affecting performance of raceway installation.  Do not 
proceed with installation until unsatisfactory conditions have been corrected. 

3.2 WIRING METHODS 
A. Outdoors:  Use the following wiring methods: 

1. Exposed:  Rigid steel. 
2. Concealed:  Rigid steel. 
3. Underground, Single Run:  RNC. 
4. Underground, Grouped:  RNC. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
6. Boxes and Enclosures:  NEMA 250, Type 3R . 

B. Indoors:  Use the following wiring methods: 
1. Exposed:  EMT. 
2. Concealed:  EMT. 
3. Underground, Single Run:  RNC. 
4. Underground, Grouped: RNC 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC; except in wet or damp locations, 
use LFMC. 

6. Damp or Wet Locations:  Rigid steel conduit. 
7. Boxes and Enclosures:  NEMA 250, Type 1, except as follows: 

a. Damp or Wet Locations:  NEMA 250, Type 4, stainless steel. 
3.3 INSTALLATION 

A. Install raceways, boxes, enclosures, and cabinets as indicated, according to manufacturer's 
written instructions. 

B. Minimum Raceway Size:  3/4-inch trade size (DN21). 
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C. Conceal conduit and EMT, unless otherwise indicated, within finished walls, ceilings, and floors. 
D. Keep raceways at least 6 inches (150 mm)

E. Install raceways level and square and at proper elevations.  Provide adequate headroom. 

 away from parallel runs of flues and steam or hot-
water pipes.  Install horizontal raceway runs above water and steam piping. 

F. Complete raceway installation before starting conductor installation. 
G. Support raceways as specified in Division 16 Section "Basic Electrical Materials and Methods." 
H. Use temporary closures to prevent foreign matter from entering raceways. 
I. Protect stub-ups from damage where conduits rise through floor slabs.  Arrange so curved por-

tion of bends is not visible above the finished slab. 
J. Make bends and offsets so ID is not reduced.  Keep legs of bends in the same plane and 

straight legs of offsets parallel, unless otherwise indicated. 
K. Use raceway fittings compatible with raceways and suitable for use and location.  For interme-

diate steel conduit, use threaded rigid steel conduit fittings, unless otherwise indicated. 
L. Run concealed raceways, with a minimum of bends, in the shortest practical distance consider-

ing the type of building construction and obstructions, unless otherwise indicated. 
M. Raceways Embedded in Slabs (Must be indicated on drawings to be embedded.  Please notify 

Engineer if required but not shown):  Install in middle third of slab thickness where practical, and 
leave at least 1-inch (25-mm)
1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete 

placement. 

 concrete cover. 

2. Space raceways laterally to prevent voids in concrete. 
3. Run conduit larger than 1-inch trade size (DN27)

4. Transition from nonmetallic tubing to Schedule 80 nonmetallic conduit, rigid steel conduit, 
or IMC before rising above floor. 

 parallel to or at right angles to main re-
inforcement.  Where at right angles to reinforcement, place conduit close to slab support. 

N. Install exposed raceways parallel to or at right angles to nearby surfaces or structural members, 
and follow the surface contours as much as practical. 
1. Run parallel or banked raceways together, on common supports where practical. 
2. Make bends in parallel or banked runs from same centerline to make bends parallel.  Use 

factory elbows only where elbows can be installed parallel; otherwise, provide field bends 
for parallel raceways. 

O. Join raceways with fittings designed and approved for the purpose and make joints tight. 
1. Make raceway terminations tight.  Use bonding bushings or wedges at connections sub-

ject to vibration.  Use bonding jumpers where joints cannot be made tight. 
2. Use insulating bushings to protect conductors. 

P. Tighten set screws of threadless fittings with suitable tools. 
Q. Terminations:  Where raceways are terminated with locknuts and bushings, align raceways to 

enter squarely and install locknuts with dished part against the box.  Where terminations are not 
secure with 1 locknut, use 2 locknuts:  1 inside and 1 outside the box. 

R. Where raceways are terminated with threaded hubs, screw raceways or fittings tightly into the 
hub so the end bears against the wire protection shoulder.  Where chase nipples are used, align 
raceways so the coupling is square to the box and tighten the chase nipple so no threads are 
exposed. 

S. Install pull wires in empty raceways.  Use No. 14 AWG zinc-coated steel or monofilament plastic 
line with not less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm)

T. Telephone and Signal System Raceways, 4

 of 
slack at each end of the pull wire. 

-Inch Trade Size (DN53) and Smaller:  In addition to 
the above requirements, install raceways in maximum lengths of 150 feet (45 m)

U. Install raceway sealing fittings according to manufacturer's written instructions.  Locate fittings 
at suitable, approved, and accessible locations and fill them with UL-listed sealing compound.  
For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a 

 and with a 
maximum of two 90-degree bends or equivalent.  Separate lengths with pull or junction boxes 
where necessary to comply with these requirements. 
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finish similar to that of adjacent plates or surfaces.  Install raceway sealing fittings at the follow-
ing points: 
1. Where conduits pass from warm to cold locations, such as the boundaries of refrigerated 

spaces. 
2. Where otherwise required by NFPA 70. 

V. Stub-up Connections:  Extend conduits through concrete floor for connection to freestanding 
equipment.  Install with an adjustable top or coupling threaded inside for plugs set flush with the 
finished floor.  Extend conductors to equipment with rigid steel conduit; FMC may be used 6 
inches (150 mm)

W. Flexible Connections:  Use maximum of 

 above the floor.  Install screwdriver-operated, threaded flush plugs flush with 
floor for future equipment connections. 

6 feet (1830 mm)

X. Install nonferrous conduit or tubing for circuits operating above 60 Hz.  Where aluminum race-
ways are installed for such circuits and pass through concrete, install in a nonmetallic sleeve. 

 of flexible conduit for recessed and 
semirecessed lighting fixtures; for equipment subject to vibration, noise transmission, or move-
ment; and for all motors.  Use liquidtight flexible conduit in wet or damp locations.  Install sepa-
rate ground conductor across flexible connections. 

Y. Do not install aluminum conduits embedded in or in contact with concrete. 
Z. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings approved for use with that mate-

rial.  Patch all nicks and scrapes in PVC coating after installing conduits. 
AA. Surface Raceways:  Install a separate, green, ground conductor in raceways from junction box 

supplying the raceways to receptacle or fixture ground terminals. 
1. Select each surface raceway outlet box, to which a lighting fixture is attached, of suffi-

cient diameter to provide a seat for the fixture canopy. 
2. Where a surface raceway is used to supply a fluorescent lighting fixture having central-

stem suspension with a backplate and a canopy (with or without extension ring), no sepa-
rate outlet box is required. 

3. Provide surface metal raceway outlet box, and the backplate and canopy, at the feed-in 
location of each fluorescent lighting fixture having end-stem suspension. 

4. Where a surface metal raceway extension is made from an existing outlet box on which a 
lighting fixture is installed, no additional surface-mounted outlet box is required.  Provide 
a backplate slightly smaller than the fixture canopy. 

BB. Set floor boxes level and adjust to finished floor surface. 
CC. Set floor boxes level and trim after installation to fit flush to finished floor surface. 
DD. Install hinged-cover enclosures and cabinets plumb.  Support at each corner. 

3.4 PROTECTION 
A. Provide final protection and maintain conditions, in a manner acceptable to manufacturer and 

Installer, that ensure coatings, finishes, and cabinets are without damage or deterioration at the 
time of Substantial Completion. 
1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufactur-

er. 
2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 
3.5 CLEANING 

A. On completion of installation, including outlet fittings and devices, inspect exposed finish.  Re-
move burrs, dirt, and construction debris and repair damaged finish, including chips, scratches, 
and abrasions. 

 
 

END OF SECTION 
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SECTION 16140 
WIRING DEVICES 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes receptacles, connectors, switches, and finish plates. 

1.3 DEFINITIONS 
A. GFI:  Ground-fault circuit interrupter. 
B. TVSS:  Transient voltage surge suppressor. 

1.4 SUBMITTALS 
A. Product Data:  For each product specified. 
B. Shop Drawings:  Legends for receptacles and switch plates. 
C. Samples:  For devices and device plates for color selection and evaluation of technical features. 
D. Maintenance Data:  For materials and products to include in maintenance manuals specified in 

Division 1. 
1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction. 

B. Comply with NEMA WD 1. 
C. Comply with NFPA 70. 

1.6 COORDINATION 
A. Receptacles for Owner-Furnished Equipment:  Match plug configurations. 
B. Coordinate with pool contractor for special receptacles. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the follow-
ing: 
1. Wiring Devices: 

a. Bryant Electric, Inc. 
b. Eagle Electric Manufacturing Co., Inc. 
c. GE Company; GE Wiring Devices. 
d. Hubbell, Inc.; Wiring Devices Div. 
e. Killark Electric Manufacturing Co. 
f. Leviton Manufacturing Co., Inc. 
g. Pass & Seymour/Legrand; Wiring Devices Div. 
h. Pyle-National, Inc.; an Amphenol Co. 

2.2 RECEPTACLES 
A. Straight-Blade and Locking Receptacles:  Heavy-Duty grade.  The device shall be 20-ampere, 

125-volts, Nema configuration 5-20R, back and side wired. 
B. Special Receptacles for NEMA configuration refer to Manufacturer specs.          
C. GFI Receptacles:  Feed-through type, with integral NEMA WD 6, Configuration 5-20R duplex 

receptacle arranged to protect connected downstream receptacles on same circuit.  Design 
units for installation in a 2-3/4-inch- (70-mm-)

D. Isolated-Ground Receptacles:  Equipment grounding contacts connected only to the green 
grounding screw terminal of the device with inherent electrical isolation from mounting strap.  
Device shall be white finish with the orange symbol. 

 deep outlet box without an adapter.  Device shall 
have an indicator light. 

1. Devices:  Listed and labeled as isolated-ground receptacles. 
2. Isolation Method:  Integral to receptacle construction and not dependent on removable 

parts. 
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2.3 SWITCHES 
A. General 

1. Switches shall be toggle or decorative rocker type as indicated herein..  The body of the 
switch shall be made of an arc-resistant thermoset material.  All toggle switch handles 
shall be constructed of a thermoplastic material.  All rocker switch handles shall be con-
structed of a thermoset material.  All wall switches shall be of the quiet AC type. 

1. Switches shall be SPST, DPST, 3-way or 4-way as indicated on the Drawings. 
2. Switch color shall be white unless noted otherwise.  Coordinate with Architect. 

 
B. Specification Grade 
 

1. Specification Grade switches shall be toggle type.  The contact arms shall be made of 
one-piece copper alloy material.  The switch shall include a green ground screw attached 
to the mounting strap.  The switch shall be 20-ampere, 120/277-volts AC, horsepower 
rated, back and side-wired. 

C. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on/off switches and 
audible and electromagnetic noise filters. 
1. Control:  Continuously adjustable slide, toggle, or rotary knob.  Single-pole or three-way 

switch to suit connections. 
2. Incandescent Lamp Dimmers:  Modular, 120 V, 60 Hz with continuously adjustable slide 

with “on/off” switch; single pole with soft tap or other quiet switch; electromagnetic filter to 
eliminate noise, RF, and TV interference; and 5-inch (130-mm)

 

 wire connecting leads.  
Dimmer to be sized per circuit load.   

2.4 WALL PLATES(All wall plates) 
A. For all single and combination types match corresponding wiring devices. 

1. Plate-Securing Screws:  Metal with head color to match plate finish. 
2. Material for Finished Spaces:  0.04-inch- (1-mm-)

3. Material for Unfinished Spaces:  stainless steel. 

 thick, Type 302, satin-finished stainless 
steel. 

2.5 FLOOR SERVICE FITTINGS 
A. Power Receptacle:  NEMA WD 6, Configuration 5-20R, gray finish, unless otherwise indicated. 
B. Signal Outlet:  Blank cover with bushed cable opening, unless otherwise indicated. 

 
PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Install devices and assemblies plumb and secure. 
B. Install wall plates when painting is complete. 
C. Install wall dimmers to achieve indicated rating after derating for ganging as instructed by manu-

facturer. 
D. Do not share neutral conductor on load side of dimmers. 
E. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical, 

and grounding terminal of receptacles on top.  Group adjacent switches under single, multigang 
wall plates. 

F. Protect devices and assemblies during painting. 
G. Adjust locations at which floor service outlets and telephone/power service poles are installed to 

suit arrangement of partitions and furnishings. 
 

3.2 IDENTIFICATION 
A. Comply with Division 16 Section "Electrical Identification." 
B. Comply with Division 16 Section "Basic Electrical Materials and Methods." 

1. Switches:  Where three or more switches are ganged, and elsewhere as indicated, identi-
fy each switch with approved legend engraved on wall plate. 
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2. Receptacles:  Identify panelboard and circuit number from which served.  Use machine-
printed, pressure-sensitive, abrasion-resistant label tape on face of plate and durable 
wire markers or tags within outlet boxes. 
 

3.3 CONNECTIONS 
A. Connect wiring device grounding terminal to branch-circuit equipment grounding conductor. 
B. Isolated-Ground Receptacles:  Connect to isolated-ground conductor routed to designated iso-

lated equipment ground terminal of electrical system. 
C. Tighten electrical connectors and terminals according to manufacturers published torque-

tightening values.  If manufacturers torque values are not indicated, use those specified in UL 
486A and UL 486B. 

 
3.4 FIELD QUALITY CONTROL 

A. Test wiring devices for proper polarity and ground continuity.  Operate each device at least six 
times. 

B. Test GFCI operation with both local and remote fault simulations according to manufacturer's 
written instructions. 

C. Replace damaged or defective components. 
3.5 CLEANING 

A. Internally clean devices, device outlet boxes, and enclosures.  Replace stained or improperly 
painted wall plates or devices. 

END OF SECTION 
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 SECTION 16190 
SUPPORTING DEVICES 

 
PART 1 - GENERAL 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and 
Division 1 Specification sections, apply to work covered by this Section. 

B. Comply with Division 16 Sections, as applicable. Refer to other Division for coordination of 
work. 

1.2 SCOPE OF WORK 
A. Provide labor, material, equipment, tools and services, and perform operations required for, 

and reasonably incidental to, the providing of supporting devices, including related systems 
and accessories. 

PART 2 - PRODUCTS 
2.1      ACCEPTABLE MANUFACTURERS 

B. Unistrut Corp. 
C. B-Line Systems, Inc. 
D. Midland Ross-Kindorf 

2.2       MATERIALS 
A. Suspension Hangers 

1.1 Suspension hangers for individual conduit runs shall be zinc plated formed steel type. 
               B.   Vertical Supports 
                      1.1 Malleable iron one hole pipe straps shall be used for vertical runs. 
              C.    Clamps 
                      1.1 Beam clamps shall be used for bar joists and beams. 
              D.     Anti-Vibration Hangers 
                      1.1 Anti-vibration hangers shall be  combination type having a double deflection neoprene 
element in series with a steel coil spring; double deflection of 0.30"; steel coil spring shall be selected from a 
1" static deflection series with a minimum additional travel to solid of ½"; spring diameters shall be large 
enough to permit 15 degree angular misalignment of the rod connecting the hanger to the ceiling support 
without rubbing the hanger box. 
2.3 Light Fixture Hangers 

A.   Refer to Section 16500 
 Corrosive Areas:  PVC; at factory apply a minimum of 10-mil-thick PVC coating, bonded to metal, inside and 
outside. 
PART 3 - EXECUTION 
3.1   INSTALLATION 

A. Hangers 
1 Approved hangers and stiff leg supports shall be installed in quantity and size as 

required to carry the weight of raceway and contents and shall be arranged to 
prevent vibration transmission to the building and allow for raceway movement. 

2 Hangers shall be supported by means of uncoated solid steel rods which are 
threaded to allow vertical adjustments. Lock nuts shall be provided in sufficient 
number and location to lock all rod adjustments permanently at the adjusted height. 
Two lock nuts shall be used unless the nut tightens against a threaded socket. 
Minimum rod diameters shall be as follows: 

NOMINAL CONDUIT SIZE  ROD DIAMETER 
1/2" through 2"               1/4" 
2-1/2" through 3"               3/8" 
4" and 5"                1/2" 

3 Hanger spacing shall be as required for proper and adequate support raceway, but in 
no case shall be less than one hanger per 8'-0" of raceway length except that conduit 
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less than 1" diameter shall be supported at least every 6'-0". 
4 Where numerous conduits are run parallel to one another, they may be supported 

from a trapeze type hanger arrangement with strut bottom. 
5 Anti-vibration type hangers shall be provided for equipment as required to minimize 

vibration and/or as directed by the Architect/Engineer. 
B. Supports 

1 Support of hangers shall be by means of sufficient quantities of individual after set 
steel expansion shields, or beam clamps attached to structural steel. 

 
2 Stiff-legs shall be furnished and installed in cases where support from overhead 

structure is not possible. 
3 Ceiling mounted lighting fixtures shall be supported from the building structure at two 

opposite corners.  The Contractor shall provide fixture hangers to properly interface 
with the ceiling system. 

4 Furnish and install complete any additional structural support steel, brackets, 
fasteners, etc., as required to adequately support all raceway and equipment. 

5 Support of hangers from concrete slabs shall be by means of sufficient quantity of 
"U" brackets attached with after set expansion shields and bolts. 

6 Support of hangers from concrete tees shall be by means of sufficient quantity of 
angle iron brackets attached with after set expansion shields and bolts. 

  
 

END OF SECTION 
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SECTION 16440 
DISCONNECT SWITCHES 

                         
PART 1 GENERAL 
 1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 
Specification sections, apply to work covered by this Section. 

1.2 SCOPE OF WORK 
A. Provide labor, materials, equipment, tools and services, and perform operations required for, and 

reasonably incidental to, the providing of disconnect switches, including all related systems and 
accessories. 

 1.3 SUBMITTALS 
A. Submit product data and shop drawings in accordance with Division 1 for products specified under 

PART 2 - PRODUCTS. 
B. Provide outline drawings with dimensions, and equipment ratings for voltage, amperage, horsepower 

and short circuit. 
C.    Provide designations for each disconnect.  RE: to section 16075. 

 1.4 REFERENCE STANDARDS 
A. Switches shall be manufactured in accordance with the following standards: 

1. UL 98 - Enclosed and Dead Front Switches 
2. NEMA KS1 - Enclosed Switches 
3. NEMA 250 - Enclosures for Electrical Equipment 

PART 2 PRODUCTS 
 2.1 MANUFACTURER 

A. GE 
B. Square D Co. 
C. Siemens 
D. Eaton 
 

 2.2 GENERAL 
A. Switches shall be heavy duty type. 

 2.3 SWITCH INTERIOR 
A. Switches shall have switch blades which are visible when the switch is OFF and the cover is open. 
E. Lugs shall be copper and front removable and UL listed for 60°C or 75°C conductors 30-100 ampere, 

75°C conductors 200 ampere and up. 
F. Current carrying parts shall be plated to resist corrosion. 
G. Switches shall have removable arc suppressor to facilitate easy access to line side lugs. 
H. Switches shall have provisions for a field installable electrical interlock. 

 2.4 SWITCH MECHANISM 
A. Switch operating mechanism shall be quick-make, quick-break such that, during normal operation of 

the switch, the operation of the contacts shall not be capable of being restrained by the operating 
handle after the closing or opening action of the contacts has started. 

B. The operating handle shall be an integral part of the box, not the cover. 
C. Provisions for padlocking the switch in the OFF position with at least three padlocks shall be provided. 
D. The handle position shall travel at least 90° between OFF and ON positions to clearly distinguish and 

indicate handle position. 
E. Switches shall have a dual cover interlock mechanism to prevent unintentional opening of the switch 

cover when the switch is ON and prevent turning the switch ON when the cover is open.  The  cover 
interlock mechanism shall have an externally operated override but the override shall not permanently 
disable the interlock mechanism.  The tool used to override the cover interlock mechanism shall not 
be required to enter the enclosure in order to override the interlock. 

 2.5 SWITCH ENCLOSURES 
A. Switch covers shall be attached with welded pin-type hinges (Type 1) or top-hinged, attached with 

removable screws and securable in the open position (Type 3R). 
B. The enclosure shall be finished with gray baked enamel paint which is electrodeposited on cleaned, 
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phosphate pre-treated steel (Type 1) or gray baked enamel paint which is electrodeposited on 
cleaned, phosphate pre-treated galvannealed steel (Type 3R). 

C. The enclosure shall have ON and OFF markings stamped into the cover. 
D. The operating handle shall be provided with a dual colored, red/black position indication. 
E. Switches shall have provisions to accept up to three 3/8" hasp padlocks to lock the operating handle 

in the OFF position. 
I. Tangential knockouts shall be provided to facilitate ease of conduit entry (Type 1). 
J. Type 3R enclosure shall contain no knockouts.  Supply watertight hubs. 
K. Type 4x shall be stainless steel enclosure with no knockouts.  Supply watertight hubs. 

 2.6 SWITCH RATINGS 
A. Switches shall be horsepower rated. 
B. The UL listed short circuit current rating of the switches shall be:  200,000 rms symmetrical amperes 

when used with or protected by Class R or Class J fuses 30-600 ampere employing appropriate fuse 
rejection schemes. 

PART 3 EXECUTION 
 3.1 INSTALLATION 

A. Install disconnect switches where indicated shown or not shown. 
B. Install fuses in fusible disconnect switches. 

 
 

END OF SECTION  
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SECTION 16442 
PANELBOARDS 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes load centers and panelboards, overcurrent protective devices, and asso-

ciated auxiliary equipment rated 600 V and less for the following types: 
1. Lighting and appliance branch-circuit panelboards. 
2. Distribution panelboards. 
 

B. Related Sections include the following: 
1. Division 16 Section "Fuses." 

1.3 DEFINITIONS 
A. EMI:  Electromagnetic interference. 
B. GFCI:  Ground-fault circuit interrupter. 
C. RFI:  Radio-frequency interference. 
D. RMS:  Root mean square. 
E. SPDT:  Single pole, double throw. 
F. TVSS:  Transient voltage surge suppressor. 

1.4 SUBMITTALS 
A. Product Data:  For each type of panelboard, overcurrent protective device, TVSS device, ac-

cessory, and component indicated.  Include dimensions and manufacturers' technical data on 
features, performance, electrical characteristics, ratings, and finishes. 

B. Shop Drawings:  For each panelboard and related equipment. 
1. Dimensioned plans, elevations, sections, and details.  Show tabulations of installed de-

vices, equipment features, and ratings.  Include the following: 
a. Enclosure types and details for types other than NEMA 250, Type 1. 
b. Bus configuration, current, and voltage ratings. 
c. Short-circuit current rating of panelboards and overcurrent protective devices. 
d. UL listing for series rating of installed devices. 
e. Features, characteristics, ratings, and factory settings of individual overcurrent pro-

tective devices and auxiliary components. 
2. Wiring Diagrams:  Diagram power, signal, and control wiring and differentiate between 

manufacturer-installed and field-installed wiring. 
C. Qualification Data:  Submit data for testing agencies indicating that they comply with qualifica-

tions specified in "Quality Assurance" Article. 
D. Field Test Reports:  Submit written test reports and include the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 
E. Panelboard Schedules:  For installation in panelboards.  Submit final versions after load balanc-

ing. 
F. Maintenance Data:  For panelboards and components to include in maintenance manuals 

specified in Division 1.  In addition to requirements specified in Division 1 Section "Contract 
Closeout," include the following: 
1. Manufacturer's written instructions for testing and adjusting overcurrent protective devic-

es. 
2. Time-current curves, including selectable ranges for each type of overcurrent protective 

device. 
1.5 QUALITY ASSURANCE 
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A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for in-
tended use. 

B. Comply with NEMA PB 1. 
C. Comply with NFPA 70. 

1.6 COORDINATION 
A. Coordinate layout and installation of panelboards and components with other construction that 

penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, and encumbrances to workspace clearance requirements. 

1.7 EXTRA MATERIALS 
A. Keys:  [SIX] 6 spares of each type of panelboard cabinet lock. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the follow-
ing: 
1. Panelboards, Overcurrent Protective Devices, Controllers, Contactors, and Accessories: 

a. GE 
b. Square D Co. 
c. Siemens 
d. Eaton 
 

2.2 FABRICATION AND FEATURES 
A. Enclosures:  Flush- and surface-mounted cabinets.  NEMA PB 1, Type 1, to meet environmen-

tal conditions at installed location. 
1. Outdoor Locations:  NEMA 250, Type 3R. 
2. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4. 
3. Hazardous Areas Indicated on Drawings:  NEMA 250, Type 7C. 

B. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box di-
mensions; for flush-mounted fronts, overlap box. 

C. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim 
cover. 

D. Finish:  Manufacturer's standard enamel finish over corrosion-resistant treatment or primer coat. 
E. Directory Card:  With transparent protective cover, mounted inside metal frame, inside 

panelboard door. 
F. Bus:  Hard-drawn copper, 98 percent conductivity. 
G. Main and Neutral Lugs:  Copper mechanical type suitable for use with conductor material. 
H. Equipment Ground Bus:  Copper and adequate for feeder and branch-circuit equipment ground 

conductors; bonded to box. 
I. Service Equipment Label:  UL labeled for use as service equipment for panelboards with main 

service disconnect switches. 
J. Isolated Equipment Ground Bus:  Copper and adequate for branch-circuit equipment ground 

conductors; insulated from box. 
K. Extra-Capacity Neutral Bus:  Copper neutral bus rated 200 percent of phase bus and UL listed 

as suitable for nonlinear loads. 
L. Split Bus:  Vertical buses divided into individual vertical sections. 
M. Skirt for Surface-Mounted Panelboards:  Same gage and finish as panelboard front with flanges 

for attachment to panelboard, wall, and ceiling or floor. 
N. Gutter Barrier:  Arrange to isolate individual panel sections. 
O. Column-Type Panelboards:  Narrow gutter extension, with cover, to overhead junction box 

equipped with ground and neutral terminal buses. 
P. Feed-through Lugs:  Copper mechanical type suitable for use with conductor material.  Locate 

at opposite end of bus from incoming lugs or main device. 
2.3 PANELBOARD SHORT-CIRCUIT RATING 
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A. Fully rated to interrupt symmetrical short-circuit current available at terminals. 
2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

A. Branch Overcurrent Protective Devices:  Plug-in or bolt on circuit breakers, replaceable without 
disturbing adjacent units. 

B. Doors:  Front mounted with concealed hinges; secured with flush latch with tumbler lock; keyed 
alike. 

2.5 DISTRIBUTION PANELBOARDS 
A. Doors:  Front mounted, except omit in fused-switch panelboards; secured with vault-type latch 

with tumbler lock; keyed alike.   
B. Main Overcurrent Protective Devices:  Circuit breaker. 
C. Branch overcurrent protective devices shall be one of the following: 

1. For Circuit-Breaker Frame Sizes 125 A and Smaller: Plug-in or Bolt-on circuit breakers. 
2. For Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers; plug-in cir-

cuit breakers where individual positive-locking device requires mechanical release for 
removal. 

2.6 OVERCURRENT PROTECTIVE DEVICES 
A. Molded-Case Circuit Breaker:  NEMA AB 1, with interrupting capacity to meet available fault 

currents. 
1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, 

and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip set-
ting for circuit-breaker frame sizes 250 A and larger. 

2. Electronic Trip Unit Circuit Breakers:  RMS sensing; field-replaceable rating plug; with the 
following field-adjustable settings: 
a. Instantaneous trip. 
b. Long- and short-time pickup levels. 
c. Long- and short-time time adjustments. 
d. Ground-fault pickup level, time delay, and I2

3. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings 
less than NEMA FU 1, RK-5. 

t response. 

4. Integrally Fused Circuit Breakers:  Thermal-magnetic trip element with integral limiter-
style fuse listed for use with circuit breaker; trip activation on fuse opening or on opening 
of fuse compartment door. 

5. GFCI Circuit Breakers:  Single- and two-pole configurations with [5] [30]-mA trip sensitivi-
ty. 

B. Molded-Case Circuit-Breaker Features and Accessories.  Standard frame sizes, trip ratings, and 
number of poles. 
1. Lugs: Mechanical style, suitable for number, size, trip ratings, and material of conductors. 
2. Application Listing:  Appropriate for application; Type SWD for switching fluorescent light-

ing loads; Type HACR for heating, air-conditioning, and refrigerating equipment. 
3. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup 

and time-delay settings, push-to-test feature, and ground-fault indicator. 
 

C. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle. 
PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Install panelboards and accessories according to NEMA PB 1.1. 
B. Mounting Heights:  Top of trim 74 inches (1880 mm)

C. Mounting:  Plumb and rigid without distortion of box.  Mount recessed panelboards with fronts 
uniformly flush with wall finish. 

 above finished floor, unless otherwise indi-
cated. 

D. Circuit Directory:  Create a directory to indicate installed circuit loads after balancing panelboard 
loads.  Obtain approval before installing.  Use a computer or typewriter to create directory; 
handwritten directories are not acceptable. 

E. Install filler plates in unused spaces. 
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F. Wiring in Panelboard Gutters:  Arrange conductors into groups and bundle and wrap with wire 
ties after completing load balancing. 

3.2 IDENTIFICATION 
A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 

signs as specified in Division 16 Section "Basic Electrical Materials and Methods] [Electrical 
Identification." 

B. Panelboard Nameplates:  Label each panelboard with engraved metal or laminated-plastic 
nameplate mounted with corrosion-resistant screws. 

3.3 CONNECTIONS 
A. Install equipment grounding connections for panelboards with ground continuity to main electri-

cal ground bus. 
B. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 
UL 486A and UL 486B. 

3.4 FIELD QUALITY CONTROL 
A. Prepare for acceptance tests as follows: 

1. Test continuity of each circuit. 
 
B. Testing:  After installing panelboards and after electrical circuitry has been energized, demon-

strate product capability and compliance with requirements. 
1. Procedures:  Perform each visual and mechanical inspection and electrical test indicated 

in NETA ATS, Section 7.5 for switches and Section 7.6 for molded-case circuit breakers.  
Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compli-
ance; otherwise, replace with new units and retest. 

C. Balancing Loads:  After Substantial Completion, but not more than 60 days after Final Ac-
ceptance, measure load balancing and make circuit changes as follows: 
1. Measure as directed during period of normal system loading. 
2. Perform load-balancing circuit changes outside normal occupancy/working schedule of 

the facility and at time directed.  Avoid disrupting critical 24-hour services such as fax 
machines and on-line data-processing, computing, transmitting, and receiving equipment. 

3. After circuit changes, recheck loads during normal load period.  Record all load readings 
before and after changes and submit test records. 

4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, 
is not acceptable.  Rebalance and recheck as necessary to meet this minimum require-
ment. 

3.5 ADJUSTING 
A. Set field-adjustable switches and circuit-breaker trip ranges. 

3.6 CLEANING 
A. On completion of installation, inspect interior and exterior of panelboards.  Remove paint splat-

ters and other spots.  Vacuum dirt and debris; do not use compressed air to assist in cleaning.  
Repair exposed surfaces to match original finish. 

END OF SECTION 
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SECTION 16475 
FUSES 

PART 1 - GENERAL  
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes the following: 

1. Fuses. 
 

1.3 SUBMITTALS 
A. General:  Submit each item in this Article according to the Conditions of the Contract and Divi-

sion 1 Specification Sections. 
B. Product Data for each fuse type specified. 
C. Field test reports indicating and interpreting test results. 
D. Maintenance data for tripping devices to include in the operation and maintenance manual 

specified in Division 1. 
1.4 QUALITY ASSURANCE 

A. Source Limitations:  Obtain fuses from one source and by a single manufacturer. 
B. Comply with NFPA 70 for components and installation. 
C. Listing and Labeling:  Provide fuses specified in this Section that are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, Arti-
cle 100. 

2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing Laborato-
ry" (NRTL) as defined in OSHA Regulation 1910.7. 

1.5 EXTRA MATERIALS 
A. Furnish extra materials described below that match products installed, are packaged with pro-

tective covering for storage, and are identified with labels describing contents. 
1. Spare Fuses:  Furnish quantity equal to 20 percent of each fuse type and size installed, 

but not less than 1 set of 3 of each type and size. 
PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering fus-
es that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide fuses by one of the following: 
1. Cooper Industries, Inc.; Bussmann Div. 
2. Eagle Electric Mfg. Co., Inc. 
3. Ferraz Corp. 
4. General Electric Co.; Wiring Devices Div. 
5. Gould Shawmut. 
6. Tracor, Inc.; Littelfuse, Inc. Subsidiary. 

2.2 CARTRIDGE FUSES 
A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuse; class as specified or indicated; cur-

rent rating as indicated; voltage rating consistent with circuit voltage. 
2.3 SPARE FUSE CABINET 

A. Cabinet:  Wall-mounted, 0.05-inch- (1.27-mm-)

1. Size:  Adequate for orderly storage of spare fuses specified with 15 percent spare capaci-
ty minimum. 

 thick steel unit with full-length, recessed piano-
hinged door with key-coded cam lock and pull. 

2. Finish:  Gray, baked enamel. 
3. Identification:  Stencil legend "SPARE FUSES" in 1-1/2-inch (40-mm)
4. Fuse Pullers:  For each size fuse. 

 letters on door. 

PART 3 - EXECUTION 
3.1 EXAMINATION 
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A. Examine utilization equipment nameplates and installation instructions to verify proper fuse lo-
cations, sizes, and characteristics. 

B. Do not proceed with installation until unsatisfactory conditions have been corrected. 
3.2 FUSE APPLICATIONS 

A. Motor Branch Circuits:  Class RK1, time delay. 
B. Other Branch Circuits:  Class RK5, non-time delay. 

3.3 INSTALLATION 
A. Install fuses in fusible devices as indicated.  Arrange fuses so fuse ratings are readable without 

removing fuse. 
B. Install spare fuse cabinet where indicated. 

3.4 IDENTIFICATION 
A. Install typewritten labels on inside door of each fused switch to indicate fuse replacement infor-

mation. 
END OF SECTION 
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SECTION 16511 
INTERIOR LIGHTING 

 
 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes interior lighting fixtures, lighting fixtures mounted on exterior building sur-

faces, lamps, ballasts, emergency lighting units, and accessories. 
B. Related Sections include the following: 

1.3 SUBMITTALS 
A. Product Data:  For each type of lighting fixture indicated, arranged in order of fixture designa-

tion.  Include data on features, accessories, and the following: 
1. Dimensions of fixtures. 
2. Certified results of laboratory tests for fixtures and lamps for photometric performance. 
3. Emergency lighting unit battery and charger. 
4. Fluorescent and high-intensity-discharge ballasts. 
5. Types of lamps. 

B. Shop Drawings:  Show details of nonstandard or custom fixtures.  Indicate dimensions, weights, 
method of field assembly, components, features, and accessories. 
1. Wiring Diagrams:  Detail wiring for fixtures and differentiate between manufacturer-

installed and field-installed wiring. 
C. Coordination Drawings:  Reflected ceiling plans and sections drawn to scale and coordinating 

fixture installation with ceiling grid, ceiling-mounted items, and other components in the vicinity.  
Include work of all trades that is to be installed near lighting equipment. 

D. Product Certificates:  Signed by manufacturers of lighting fixtures certifying that products com-
ply with requirements. 

E. Field Test Reports:  Indicate and interpret test results for compliance with performance require-
ments. 

F. Maintenance Data:  For lighting fixtures to include in maintenance manuals specified in Divi-
sion 1. 

1.4 QUALITY ASSURANCE 
A. Fixtures, Emergency Lighting Units, and Accessories:  Listed and labeled as defined in 

NFPA 70, Article 100, by an acceptable to authorities having jurisdiction. 
B. Comply with NFPA 70. 
C. NFPA 101 Compliance:  Comply with visibility and luminance requirements for exit signs. 

1.5 COORDINATION 
A. Fixtures, Mounting Hardware, and Trim:  Coordinate layout and installation of lighting fixtures 

with ceiling system and other construction. 
1.6 WARRANTY 

A. General Warranty:  Special warranty specified in this Article shall not deprive Owner of other 
rights Owner may have under other provisions of the Contract Documents and shall be in addi-
tion to, and run concurrent with, other warranties made by Contractor under requirements of the 
Contract Documents. 
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B. Special Warranties for Fluorescent Ballasts:  Written warranty, executed by manufacturer 
agreeing to replace fluorescent ballasts that fail in materials or workmanship within specified 
warranty period. 
1. Special Warranty Period for Electronic Ballasts:  Five years from date of manufacture, but 

not less than four years from date of Substantial Completion. 
1.7 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 
with protective covering for storage and identified with labels describing contents. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 

A. Available Products:  Subject to compliance with requirements, products that may be incorpo-
rated into the Work include, but are not limited to, the products indicated in the Interior Lighting 
Fixture Schedule at the end of Part 3. 

B. Products:  Subject to compliance with requirements, provide one of the products indicated for 
each designation in the Interior Lighting Fixture Schedule in the plans.  Submit Manufacturers 
as is in the Lighting Fixture Schedule or Equal.  Submit Equal Manufacturers 10 days prior to 
bidding day for approval.  For Equal Manufacturers submit lighting calculation for each equal fix-
ture submitted for approval. 

2.2 FIXTURES AND FIXTURE COMPONENTS, GENERAL 
A. Metal Parts:  Free from burrs, sharp corners, and edges. 
B. Sheet Metal Components:  Steel, unless otherwise indicated.  Form and support to prevent 

warping and sagging. 
C. Doors, Frames, and Other Internal Access:  Smooth operating, free from light leakage under 

operating conditions, and arranged to permit relamping without use of tools.  Arrange doors, 
frames, lenses, diffusers, and other pieces to prevent accidental falling during relamping and 
when secured in operating position. 

D. Reflecting Surfaces:  Minimum reflectance as follows, unless otherwise indicated: 
1. White Surfaces:  85 percent. 
2. Specular Surfaces:  83 percent. 
3. Diffusing Specular Surfaces:  75 percent. 
4. Laminated Silver Metallized Film:  90 percent. 

E. Lenses, Diffusers, Covers, and Globes:  100 percent virgin acrylic plastic or annealed crystal 
glass, unless otherwise indicated. 
1. Plastic:  High resistance to yellowing and other changes due to aging, exposure to heat, 

and ultraviolet radiation. 
2. Lens Thickness:  0.125 inch (3 mm)

2.3 FLUORESCENT LAMP BALLASTS 
 minimum, unless greater thickness is indicated. 

A. General Requirements:  Unless otherwise indicated, features include the following: 
1. Designed for type and quantity of lamps indicated at full light output. 
2.  

B. Electronic Ballasts for Linear Lamps:  Unless otherwise indicated, features include the following, 
besides those in "General Requirements" Paragraph above: 
1. Certified Ballast Manufacturer Certification:  Indicated by label. 
2. Encapsulation:  Without voids in potting compound. 
3. Parallel Lamp Circuits:  Multiple lamp ballasts connected to maintain full light output on 

surviving lamps if one or more lamps fail. 
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C. Ballasts for Compact Lamps in Recessed Fixtures:  Unless otherwise indicated, additional fea-
tures include the following: 
1. Type:  Electronic or electromagnetic, fully encapsulated in potting compound. 
2. Power Factor:  90 percent, minimum. 
3. Operating Frequency:  20 kHz or higher. 
4. Flicker:  Less than 5 percent. 
5. Lamp Current Crest Factor:  Less than 1.7. 
6. Transient Protection:  Comply with IEEE C62.41 for Category A1 locations. 
7. Interference:  Comply with 47 CFR, Chapter 1, Part 18, Subpart C for limitations on elec-

tromagnetic and radio-frequency interference for nonconsumer equipment. 
D. Ballasts for Compact Lamps in Nonrecessed Fixtures:  Unless otherwise indicated, additional 

features include the following: 
1. Power Factor:  90 percent, minimum. 
2. Ballast Coil Temperature:  65 deg C, maximum. 
3. Transient Protection:  Comply with IEEE C62.41 for Category A1 locations. 
4. Interference:  Comply with 47 CFR, Chapter 1, Part 18, Subpart C for limitations on elec-

tromagnetic and radio-frequency interference for nonconsumer equipment. 
2.4 EXIT SIGNS 

A. General Requirements:  Comply with UL 924 and the following: 
1. Sign Colors and Lettering Size:  Comply with authorities having jurisdiction. 

B. Internally Lighted Signs:  As follows: 
1. Lamps for AC Operation:  Light-emitting diodes, 70,000 hours minimum rated lamp life. 

2.5 EMERGENCY LIGHTING UNITS 
A. General Requirements:  Self-contained units.  Comply with UL 924.  Units include the following 

features: 
1. Battery:  Sealed, maintenance-free, lead-acid type with minimum 5-year nominal life and 

special warranty. 
2. Charger:  Fully automatic, solid-state type with sealed transfer relay. 
3. Operation:  Relay automatically turns lamp on when supply circuit voltage drops to 80 

percent of nominal voltage or below.  Lamp automatically disconnects from battery when 
voltage approaches deep-discharge level.  When normal voltage is restored, relay dis-
connects lamps, and battery is automatically recharged and floated on charger. 

2.6 EMERGENCY FLUORESCENT POWER SUPPLY UNIT 
A. Internal Type:  Self-contained, modular, battery-inverter unit factory mounted within fixture body.  

Comply with UL 924. 
1. Test Switch and Light-Emitting Diode Indicator Light:  Visible and accessible without 

opening fixture or entering ceiling space. 
2. Battery:  Sealed, maintenance-free, nickel-cadmium type with minimum 5-year nominal 

life. 
3. Charger:  Fully automatic, solid-state, constant-current type. 
4. Operation:  Relay automatically energizes lamp from unit when normal supply circuit volt-

age drops to 80 percent of nominal voltage or below.  When normal voltage is restored, 
relay disconnects lamp, and battery is automatically recharged and floated on charger. 

2.7 LAMPS 
A. Noncompact Fluorescent Lamp Life:  Rated average is 20,000 hours at 3 hours per start when 

used on rapid-start circuits. 
2.8 FINISHES 
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A. Fixtures:  Manufacturer's standard, unless otherwise indicated. 
PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Fixtures:  Set level, plumb, and square with ceiling and walls, and secure according to manufac-
turer's written instructions and approved submittal materials.  Install lamps in each fixture. 

B. Support for Fixtures in or on Grid-Type Suspended Ceilings:  Do not use grid for support. 
1. Install a minimum of two ceiling support system wires for each fixture.  Locate not more 

than 6 inches (150 mm)
2. Support Clips:  Fasten to fixtures and to ceiling grid members at or near each fixture cor-

ner. 

 from fixture corners. 

3. Fixtures of Sizes Less Than Ceiling Grid:  Arrange as indicated on reflected ceiling plans 
or center in acoustical panel, and support fixtures independently with at least two 3/4-inch 
(20-mm)

C. Suspended Fixture Support:  As follows: 
 metal channels spanning and secured to ceiling tees. 

1. Pendants and Rods:  Where longer than 48 inches (1200 mm)
2. Stem-Mounted, Single-Unit Fixtures:  Suspend with twin-stem hangers. 

, brace to limit swinging. 

3.2 CONNECTIONS 
A. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  If manufacturer's torque values are not indicated, use those 
specified in UL 486A and UL 486B. 

3.3 FIELD QUALITY CONTROL 
A. Inspect each installed fixture for damage.  Replace damaged fixtures and components. 
B. Advance Notice:  Give dates and times for field tests. 
C. Provide instruments to make and record test results. 
D. Tests:  As follows: 

1. Verify normal operation of each fixture after installation. 
2. Emergency Lighting:  Interrupt electrical supply to demonstrate proper operation. 
3. Verify normal transfer to battery source and retransfer to normal. 
4. Report results in writing. 

E. Malfunctioning Fixtures and Components:  Replace or repair, then retest.  Repeat procedure 
until units operate properly. 

F. Corrosive Fixtures:  Replace during warranty period. 
3.4 CLEANING AND ADJUSTING 

A. Clean fixtures internally and externally after installation.  Use methods and materials recom-
mended by manufacturer. 

B. Adjust aimable fixtures to provide required light intensities. 
 

END OF SECTION 
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SECTION 16521 
EXTERIOR LIGHTING 

 
 
 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 
A. This Section includes exterior lighting units with luminaries and lamps. 
B. Related Sections include the following: 

1. Division 16 Section "Interior Lighting" for interior fixtures, lamps, ballasts, emergency 
lighting units, and accessories; and for exterior luminaires normally mounted on buildings. 

1.3 DEFINITIONS 
A. Lighting Unit:  A luminaire or an assembly of luminaires complete with a common support, in-

cluding pole, post, or other structure, and mounting and support accessories. 
B. Luminaire (Light Fixture):  A complete lighting device consisting of lamp(s) and ballast(s), when 

applicable, together with parts designed to distribute light, to position and protect lamps, and to 
connect lamps to power supply. 

1.4 SUBMITTALS 
A. Product Data:  For each type of lighting unit indicated, arranged in order of lighting unit designa-

tion.  Include data on features, accessories, finishes, and the following: 
1. Materials and dimensions of luminaries. 
2. Certified results of independent laboratory tests for fixtures and lamps for electrical rat-

ings and photometric data. 
3. Certified results of laboratory tests for fixtures and lamps for photometric performance. 
4. High-intensity-discharge luminaire ballasts. 

B. Product Certificates:  Signed by manufacturers of lighting units certifying that products comply 
with requirements. 

C. Field Test Reports:  Indicate and interpret test results for compliance with performance require-
ments. 

D. Maintenance Data:  For lighting units to include in maintenance manuals specified in Division 1. 
1.5 QUALITY ASSURANCE 

A. Luminaires and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, for their 
indicated use, location, and installation conditions by acceptable to authorities having jurisdic-
tion 

B. Comply with ANSI C2. 
C. Comply with NFPA 70. 

1.6 WARRANTY 
A. General Warranty:  Special warranty specified in this Article shall not deprive Owner of other 

rights Owner may have under other provisions of the Contract Documents and shall be in addi-
tion to, and run concurrent with, other warranties made by Contractor under requirements of the 
Contract Documents. Warranty one labor. 

PART 2 - PRODUCTS 
2.1 MANUFACTURERS 
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A. Available Products:  Subject to compliance with requirements, products that may be incorpo-
rated into the Work include, but are not limited to, the products indicated in the Exterior Lighting 
Unit Schedule at the end of Part 3. 

B. Products:  Subject to compliance with requirements, provide one of the products indicated for 
each designation in the Interior Lighting Fixture Schedule in the plans.  Submit Manufacturers 
as is in the Lighting Fixture Schedule or Equal.  Submit Equal Manufacturers 10 days prior to 
bidding day for approval.  For Equal Manufacturers submit lighting calculation for each equal fix-
ture submitted for approval. 

2.2 LUMINAIRES 
A. Comply with IESNA RP-8 for parameters of lateral light distribution patterns indicated for lumi-

naires. 
B. Metal Parts:  Free from burrs, sharp corners, and edges. 
C. Sheet Metal Components:  Corrosion-resistant aluminum, unless otherwise indicated.  Form 

and support to prevent warping and sagging. 
D. Housings:  Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or deform 

in use.  Provide filter/breather for enclosed luminaires. 
E. Doors, Frames, and Other Internal Access:  Smooth operating, free from light leakage under 

operating conditions, and arranged to permit relamping without use of tools.  Arrange doors, 
frames, lenses, diffusers, and other pieces to prevent accidental falling during relamping and 
when secured in operating position.  Provide for door removal for cleaning or replacing lens.  Ar-
range to disconnect ballast when door opens. 

F. Exposed Hardware Material:  Stainless steel. 
G. Plastic Parts:  High resistance to yellowing and other changes due to aging, exposure to heat, 

and ultraviolet radiation. 
H. Reflecting Surfaces:  Minimum reflectance as follows, unless otherwise indicated: 

1. White Surfaces:  85 percent. 
2. Specular Surfaces:  83 percent. 
3. Diffusing Specular Surfaces:  75 percent. 

I. Lenses and Refractors:  Materials as indicated.  Use heat- and aging-resistant, resilient gaskets 
to seal and cushion lens and refractor in luminaire doors. 

J. Photoelectric Relays:  As follows: 
1. Contact Relays:  Single throw, arranged to fail in the on position and factory set to turn 

light unit on at 1.5 to 3 fc (16 to 32 lx) and off at 4.5 to 10 fc (48 to 108 lx)

2. Relay Mounting:  In luminaire housing. 

 with 15-second 
minimum time delay. 

K. High-Intensity-Discharge Ballasts:  Comply with ANSI C82.4.  Constant wattage autotransform-
er or regulating high-power-factor type, unless otherwise indicated. 
1. Single-Lamp Ballasts:  Minimum starting temperature of minus 40 deg C. 
2. Open-circuit operation will not reduce average life. 
3. High-Pressure Sodium Ballasts:  Equip with a solid-state igniter/starter having an average 

life in pulsing mode of 10,000 hours at an igniter/starter case temperature of 90 deg C. 
4. Noise:  Uniformly quiet operation, with a noise rating of B or better. 

L. Lamps:  Comply with the standard of the ANSI C78 series that is applicable to each type of 
lamp.  Provide luminaires with indicated lamps of designated type, characteristics, and wattage.  
Where a lamp is not indicated for a luminaire, provide medium wattage lamp recommended by 
manufacturer for luminaire. 

PART 3 - EXECUTION 
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3.1 CONNECTIONS 
A. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  If manufacturer's torque values are not indicated, use those 
specified in UL 486A and UL 486B. 

B. Ground metal poles/support structures according to Division 16 Section "Grounding." 
1. Nonmetallic Poles:  Ground metallic components of lighting units and foundations.  Con-

nect luminaires to grounding system with No. 6 AWG conductor. 
3.2 FIELD QUALITY CONTROL 

A. Inspect each installed unit for damage.  Replace damaged units. 
B. Advance Notice:  Give dates and times for field tests. 
C. Provide instruments to make and record test results. 
D. Tests and Observations:  Verify normal operation of lighting units after installing luminaires and 

energizing circuits with normal power source, and as follows: 
3.3 CLEANING AND ADJUSTING 

A. Clean units after installation.  Use methods and materials recommended by manufacturer. 
END OF SECTION 
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SECTION 16721 
FIRE ALARM/LIFE SAFETY SYSTEM 

                         
PART 1 - GENERAL 
 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 
Specification Sections apply to Work covered by this Section. 

B. Comply with other Division 16 Sections, as applicable.  Refer to other Divisions for coordination of 
the Work. 

1.2 SCOPE OF WORK 
A. Provide labor, materials, equipment, tools and services, and perform operations required for, and 

reasonably incidental to, the providing additional devices for the shell building fire alarm system, 
including all related systems and accessories.   

B. Replace existing fire alarm devices, reusing existing locations.  Fire Alarm contractor is responsible 
to comply at existing areas.  Fire Alarm contractor is responsible to comply with ADA fire alarm 
code.  Include all cost in bas bid. 

1. Fire alarm control panel 
2. Remote Annunciator 
3. Addressable or conventional manual fire alarm stations. 
4. Addressable analog and conventional area smoke detectors. 
5. Conventional beam detectors. 
6. Addressable analog and conventional duct smoke detectors. 
7. Addressable analog and conventional heat detectors. 
8. Sprinkler water flow alarm switches. 
9. Audible notification appliances; bells, horns, chimes. 
10. Visual notification appliances; strobes. 
11. Central station alarm connection control. 
12. Air handling systems shutdown control. 
13. Stair pressurization system startup control. 
14. Magnetic door holder release. 
15. Dry pipe sprinkler release valve/deluge valve control. 
16. Sprinkler supervisory switches and tamper switch supervision. 
17. Dry pipe sprinkler release valve/deluge valve supervision. 
18. Emergency generator supervision. 
19. Fire pump supervision. 
20. Battery standby. 
21. System shall activate the overhead gates.  Provide all accessories for an active system. 

1.3 SUBMITTALS 
A. Submit product data and shop drawings in accordance with Division 1 for products specified under  

PART 2 - PRODUCTS.  Shop drawings shall be generated by the Fire Alarm Contractor without 
the Engineers plans. 

B. The submittal data shall include, but not necessarily be limited to, the following: 
1 Complete bill of material indicating quantity, part numbers and brief description. 
2 Data sheets for all products.  If multiple models are shown on the same data sheet, highlight the specific model 
used. 
3 Provide drawing with all devices. 
4 Provide single line riser diagram showing all equipment and type, number and size of all conductors. 
1.4 REFERENCE STANDARDS 

A. The fire alarm system devices specified herein shall be designed, manufactured, installed and 
tested according to the latest version of the following standards: 

1 National Fire Protection Association Standards 
1 NFPA 70 - National Electric Code (NEC), Articles 725 & 760. 
2 NFPA 71 - Central Station Signaling Systems 
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3 NFPA 72 - National Fire Alarm Code (NFAC) 
4 NFPA 92A - Smoke Control Systems 
5 NFPA 101 - Life Safety Code 
2 Underwriters Laboratories, Inc. 
1 UL 38 - Manually Activated Signaling Boxes 
2 UL 228 - Door Holders for Fire Protective Signaling Systems 
3 UL 268 - Smoke Detectors for Fire Protective Signaling Systems 
4 UL268A - Smoke Detectors for Duct Applications 
5 UL 346 - Waterflow Indicators for Fire Protective Signaling Systems 
6 UL 464 - Audible Signaling Appliances 
7 UL 864/UOJZ/APOU - Control Units for Fire Protective Signaling Systems 
8 UL 1481 - Power Supplies for Fire Protective Signaling Systems 
9 UL 1638 - Visual Signaling Appliances 
10 UL 1711 - Amplifiers for Fire Protective Signaling Systems 
11 UL 1971 - Standard for Fire Protective Signaling Systems 
3 Americans with Disabilities Act (ADA) 
4 Local and State Building Codes 
5 Local Authorities Having Jurisdiction (LAHJ) 
1.5 QUALITY ASSURANCE 

A. The fire alarm system devices shall be listed and labeled by Underwriters Laboratories, Inc. for use 
in fire protective signaling system. 

B. The Installing Contractor shall be factory authorized and trained and shall be NICET certified in the 
sub-field of Fire Alarm Systems, for the engineering and technical installation and supervision of 
the system.  This certification shall be Level III for engineering and Level II for technical 
installation and supervision.  Proof of certification shall be provided.  All work shall be performed 
by skilled technicians, under the supervision and direction of the designated NICET engineering 
technician, all of whom shall be properly trained and qualified for the work. 

C. The fire alarm contractor shall not sub out portion of the work.  The fire alarm shall be responsible 
to complete the job. 

D.  Submission to Authority Having Jurisdiction:  Submit copies of State Certificate as required by 
State Fire Marshall.  Provide copy with operating and maintenance manual. 

1.6 QUALIFICATIONS   
1. The fire alarm contractor, as a business entity, shall be an authorized and designated 
    representative of the equipment manufacturer and shall have been  actively engaged in the 
    business of selling, installation and servicing fire alarm systems for a period of at least (5) 
    years prior to the bid date.   
2. The fire alarm contractor shall have an office within 75 miles of the job site staffed with trained          
technicians who are qualified to manage the installation, to be responsible that the system is installed as 
submitted, to conduct system start-up, to instruct the project coordinators representatives and local authorities in 
the proper operation of the system, and to provide service throughout the warranty period.  3. The fire alarm 
contractor SHALL NOT HAVE any grievances or complaints on record regarding workmanship, code 
compliance, or service response with either  the project coordinator, Architect, Engineer, Owner or the State 
Fire Marshals office.  A contractor that has any prior finding(s) of a Fire Alarm license violation or has any 
litigation in   process with the State Fire Marshal is unacceptable. 
3. The fire alarm contractor shall be an active installer on the approved manufacturer for a minimum of 5 years.   
 

1.7 WARRANTY 
 Warranty of all control equipment, sensors, I/O modules and all other peripherals and of materials,  installation and 
workmanship shall be for one (1) year from date of acceptance.   
 2.The Contractor shall guarantee all wiring and raceways to be free from inherent mechanical or electrical 
defects for one (1) year from date of final acceptance. 
PART 2 - PRODUCTS 
2.1 MANUFACTURER 

A. SILNET KNIGHT 
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2.2 CIRCUITING GUIDELINES 

A. Each addressable analog loop shall be circuited as shown on the drawings but device loading in not 
to exceed 80% of loop capacity in order to leave for space for future devices.  The loop shall have 
Class A B operation.  When it is necessary to interface conventional initiating devices provide 
intelligent input modules to supervise Class A B zone wiring. The audio system components shall 
be an integral part of the fire alarm system control panel. 

B. Audio Amplifiers 
1 Each audio power amplifier shall have integral audio signal de-multiplexers, allowing the 

amplifier to select any digitized audio channels.  The channel selection shall be directed by 
the system software.  Multiple and different audio signals shall be able to be broadcast 
simultaneously from the same system network node. 

2 Each amplifier output shall include a dedicated, supervised speaker circuit which is suitable 
for connection of emergency speaker appliances.  Each amplifier shall also include a 
notification appliance circuit for connection of visual (strobe) appliances.  This circuit shall 
be fully programmable and it shall be possible to define the circuit for the support of 
audible, visible, or ancillary devices. 

3 Standby audio amplifiers shall be provided that automatically sense the failure of a primary 
amplifier, and automatically program themselves to select and de-multiplex the same audio 
information channel of the failed primary amplifier, and fully replace the function of the 
failed amplifier. 

4 In the event of a total loss of audio data communications, all amplifiers will default to the 
local “EVAC” tone generator channel.  If the local panel has an alarm condition, then all 
amplifiers will sound the EVAC signal on their connected speaker circuits. 

5 In the event of a loss of the fully digitized, multiplexed audio riser, the audio amplifiers shall 
automatically default to an internally generated alarm tone. 

6 Audio amplifiers shall automatically detect a short circuit condition on the connected 
speaker circuit wiring, and shall inhibit itself from driving into that short circuit condition. 

2.3 DETECTORS 
A. General 

1 Detectors shall be capable of full digital communications using both broadcast and polling 
protocol.  Each detector shall be capable of performing independent fire detection 
algorithms.  The fire detection algorithm shall measure sensor signal dimensions, time 
patterns and combine different fire parameters to increase reliability and distinguish real fire 
conditions from unwanted deceptive nuisance alarms.  Signal patterns that are not typical 
of fires shall be eliminated by digital filters. 

2 Detectors shall have an integral microprocessor capable of making alarm decisions based 
on fire parameter information stored in the detector head. Distributed intelligence shall 
improve response time by decreasing the data flow between detector and loop controller.  
Detectors not capable of making independent alarm decisions shall not be acceptable.  
Maximum total loop response time for detectors shall be 0.5 seconds. 

3 Detectors shall have a separate means of displaying communication and alarm status.  A 
green LED shall flash to confirm communication with the loop controller.  A red LED shall 
flash to display alarm status.  Both LEDs on steady shall indicate alarm-standalone mode 
status.  Both LEDs shall be visible through a full 360 degree viewing angle. 

4 Detectors shall be capable of identifying diagnostic codes to be used for system 
maintenance.  The diagnostic codes shall be stored at the detector. 

5 Detectors shall be capable of transmitting pre-alarm and alarm signals in addition to the 
normal, trouble and need cleaning information.  It shall be possible to program control 
panel activity to each level.  Each detector shall be individually programmable to operate at 
various sensibility settings. 

6 The detector microprocessor shall contain an environmental compensation algorithm which 
identifies and sets ambient "environmental thresholds."  The microprocessor shall 
continually monitor the environmental impact of temperature, humidity, other contaminates 
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as well as detector aging.  The process shall employ digital compensation to adapt the 
detector to both long term and short term environmental changes.  The microprocessor 
shall monitor the environmental compensation value and alert the system operator when 
the detector approaches the allowable environmental compensation value.  Differential 
sensing algorithms shall maintain a constant differential between selected detector 
sensitivity and the "learned” base line sensitivity.  The base line sensitivity information shall 
be permanently stored at the detector. 

7 The detector and loop controller shall provide increased reliability and inherent survivability 
through intelligent conventional operation.  The device shall automatically change to stand 
alone, conventional device operation in the event of a loop controller polling 
communications failure.  In the standalone detector mode, the detector shall continue to 
operate using sensitivity and environmental compensation information, stored in its 
microprocessor at the time of communications failure.  The loop controller shall monitor the 
loop and activate a loop alarm if a detector reaches its alarm sensitivity threshold. 

 
8 Detectors shall be capable of automatic electronic addressing and/or custom addressing.  

Devices using DIP or rotary switches for addressing, either in the base or on the detector 
shall not be acceptable. 

 
9 Detectors shall be suitable for operation in the following environment: 

 
1 Temperature: 32ºF to 120ºF 
2 Humidity: 0-93% RH, non-condensing 
3 Elevation: Up to 6,000 ft. 

B. Photoelectric Smoke Detectors  
1 Addressable intelligent photoelectric smoke detectors shall be provided as indicated on the 

Drawings.  The detector shall use a light scattering type photo electric smoke sensor to 
sense changes in air samples from its surroundings.  An integral microprocessor shall 
dynamically examine values from the sensor and initiate an alarm based on the analysis of 
data.  The detector shall utilize digital filters to remove signal patterns that are not typical of 
fires.  Each detector shall have twin red/green status LEDs.  The red LED shall indicate 
alarm condition and green LED shall indicate normal. 

 
2 The detector shall continually monitor any changes in sensitivity due to the environmental 

affects of dirt, smoke, temperature and humidity.  The information shall be stored in the 
integral processor and transferred to the loop controller. 

 
3 Detector shall be programmable for different sensitivity during day and night periods. 

 
4 The detector shall be suitable for direct insertion into air ducts up to 3 ft. high and 3 ft. wide 

with air velocities up to 5,000 ft/min. 
 

5 The detector shall be rated for ceiling installation at a minimum of 30 foot centers. 
 

6 The percent smoke obscuration per foot alarm setpoint for the detector shall be field 
selectable to various sensitive settings ranging from 1.0% to 3.5%. 

 
C. Detector Mounting Bases 

 
1 Detector mounting bases shall be suitable for mounting on a standard 4" square electrical 

outlet box.  The base shall contain no electronics, support all detector types and have the 
following minimum requirements: 

 
1 Removal of the respective detector shall not affect communications with other 

detectors. 
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2 Terminal connections shall be made on the room side of the base.  Bases which 
must be removed to gain access to the terminals shall not be acceptable. 

3 Capable of supporting a remote LED indicator and test station.  Provide remote 
LED indicators and test stations as indicated on the Drawings. 

 
D. Detector Mounting Plates 

 
1 Provide detector mounting plate assemblies to facilitate mounting detectors for direct 

insertion into low velocity ductwork.  The mounting plate shall be code gauge steel with 
corrosion resistant red enamel finish. 

E. Duct Smoke Detectors 
1 Air duct mounted smoke detectors shall  be provided in the air supply stream of all central 

air handling equipment above 2000 cfm, i.e.  Provide all necessary interface wiring for 
proper system operation. 

 
2 The duct smoke detector shall be UL listed per UL 268A specifically for use in air handling 

systems.  The detector shall operate at velocities of 300-4000 ft./min.  The detector housing 
shall be equipped with an integral mounting base.  It shall be capable of local testing via 
magnetic switch or remote testing using a remote test station.  The duct detector housing 
shall incorporate an airtight smoke chamber in compliance with UL 268A.  The housing 
shall be capable of mounting to either rectangular or round ducts without adaptor brackets. 
 An integral filter system shall be included to reduce dust and residue effects on detector 
housing, thereby reducing maintenance and servicing.  Sampling tubes shall be easily 
installed after the housing is mounted to the duct by passing through the duct housing.  The 
housing shall have a red enamel finish. 

 
3 For each duct smoke detector provide a remote LED indicator and test station to be 

mounted in a location indicated on the Drawings and approved by the local authority having 
jurisdiction. 

          F.          Beam Type Smoke Detectors                                                                                                   
     1.          Provide projected beam type smoke detectors. Then beam detectors shall be four wire 24 Vdc 
and powered from the control panel 4 wire smoke power source. This unit shall consist of a separate 
transmitter and receiver capable of being powered       separately or together. This unit shall operate in 
either a short range of 30 to 100 ft. (9.14 to 30.4m) or a long range of 100 to 300 ft. (30.4 to 91.4m). The 
detector   shall feature a bank of four alignment LEDs on both the receiver and transmitter that are used to 
ensure proper alignment without the use of special tools. The beam detector shall feature automatic gain 
control which will compensate for gradual signal deterioration from dirt accumulation on lenses. Ceiling or 
mount as shown on the plans.  Testing shall be carried out using calibrated test filters. Provide an activated 
remote test station>. 

2.4 SYSTEM MODULES 
A. Addressable intelligent modules shall support supervised Class B circuits.  The modules shall be 

multi-function capable of field programming.  The modules shall have a minimum of 2 diagnostic 
LEDs mounted behind a finished cover plate.  A green LED shall flash to confirm communication 
with the loop controller.  A red LED shall flash to display alarm status.  The module shall be 
capable of storing diagnostic codes which can be retrieved for troubleshooting assistance.  Input 
and output circuit wiring shall be supervised for open and ground faults.  The module shall be 
suitable for operation in the following environment: 

1 Temperature: 32oF to 120oF (0oC to 49o

2 Humidity: 0-93% RH, non-condensing 
C) 

B. Single Input Module 
1 Addressable intelligent single input modules shall be provided as required for the system 

configuration.  The single input module shall provide one (1) supervised Class B input 
circuit.  The module shall be suitable for mounting on 4” square electrical box.  The single 
input module shall support the following input circuit types: 
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1 Normally-Open Alarm Latching (Manual Stations, Smoke Detectors, etc.) 
2 Normally-Open Alarm Delayed Latching (Waterflow Switches) 
3 Normally-Open Active Non-Latching (Monitors, Fans, Dampers, Doors, etc.) 
4 Normally-Open Active Latching (Supervisory, Tamper Switches) 

C. Dual Input Module 
1 Addressable intelligent dual input modules shall be provided as required for the system 

configuration.  The dual input module shall provide two (2) supervised Class B input 
circuits.  The module shall be suitable for mounting on a standard 4” square electrical box.  
The dual input module shall support the following input circuit types: 

 
1 Normally-Open Alarm Latching (Manual Stations, Smoke Detectors, etc.) 
2 Normally-Open Alarm Delayed Latching (Waterflow Switches) 
3 Normally-Open Active Non-Latching (Monitors, Fans, Dampers, Doors, etc.) 
4 Normally-Open Active Latching (Supervisory, Tamper Switches) 

D. Monitor Module 
1 Addressable intelligent monitor modules shall be provided as required for the system 

configuration.  The monitor module shall support one (1) supervised Class B normally-open 
active non-latching monitor circuit.  The monitor module shall be suitable for mounting on a 
standard 4” square electrical box. 

E. Waterflow/Tamper Module 
1 Addressable intelligent waterflow/tamper modules shall be provided as required for the 

system configuration.  The waterflow/tamper module shall support two (2) supervised Class 
B input circuits.  Channel A shall support a normally-open alarm delayed latching waterflow 
switch circuit.  Channel B shall support a normally-open active latching tamper switch.  The 
waterflow/tamper module shall be suitable for mounting on a standard 4” square electrical 
box. 

F. Single Input Signal Module 
1 Addressable intelligent single input signal modules shall be provided as required for the 

system configuration.  The single input signal module shall provide one (1) supervised 
Class B output circuit capable of supporting the operation of an audible/ visual signal power 
selector and a telephone power selector with ring tone for fire fighter’s telephone.  The 
module shall be suitable for mounting on a standard 4” square electrical box. 

G. Dual Input Signal Module 
1 Addressable intelligent dual input signal modules shall be provided as required for the 

system configuration.  The dual input signal module shall provide a means to selectively 
connect one of two (2) signaling circuits to one (1) supervised output circuit.  The dual input 
signal modules shall be capable of supporting the operation of an audible/visual signal 
power selector.  The module shall be suitable for mounting on a standard 4” square 
electrical box. 

H. Control Relay Module 
1 Addressable intelligent control relay modules shall be provided as required for the system 

configuration.  The control relay module shall provide one form “C” dry relay contact rated 
at 2 amps @ 24 Vdc to control external appliances or equipment shutdown.  The control 
relay shall be rated for pilot duty and releasing systems.  The position of the relay contact 
shall be confirmed by the system firmware.  The control relay module shall be suitable for 
mounting on a standard 4" square electrical box. 

I. Universal Class A/B Module 
1 Addressable intelligent class A/B modules shall be provided as required for the system 

configuration.  The universal class A/B module shall be capable of numerous operations.  
The module shall be suitable for mounting on a standard 4” square electrical box.  The 
universal class A/B module shall support the following circuit types: 
1 Two (2) supervised Class B Normally-Open Alarm Latching. 
2 Two (2) supervised Class B Normally-Open Alarm Delayed Latching. 
3 Two (2) supervised Class B Normally-Open Active Non-Latching. 
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4 Two (2) supervised Class B Normally-Open Active Latching. 
5 One (1) form “C” dry relay contact rated at 2 amps @ 24 Vdc. 
6 One (1) supervised Class A Normally-Open Alarm Latching. 
7 One (1) supervised Class A Normally-Open Alarm Delayed Latching. 
8 One (1) supervised Class A Normally-Open Active Non-Latching. 
9 One (1) supervised Class A Normally-Open Active Latching. 
10 One (1) supervised Class A 2-wire Smoke Alarm Non-Verified.  
11 One (1) supervised Class B 2-wire Smoke Alarm Non-Verified. 
12 One (1) supervised Class A 2-wire Smoke Alarm Verified  
13 One (1) supervised Class B 2-wire Smoke Alarm Verified 
14 One (1) supervised Class A Signal Circuit, 24Vdc @ 2A. 
15 One (1) supervised Class B Signal Circuit, 24Vdc @ 2A. 

 
2.5 MANUAL PULL STATIONS 
 

A. Addressable intelligent dual action, non-break glass type, key reset, semi-flush mounted manual 
pull stations shall be provided as indicated on the Drawings.  The stations shall be of Lexan 
construction, finished in red with white molded raised letters “PULL IN CASE OF FIRE”.  The 
station shall be suitable for mounting on a standard 4" square electrical box.  The station shall 
have a minimum of 2 diagnostic LEDs mounted on their integral, factory assembled single or two 
stage input module.  A green LED shall flash to confirm communication with the loop controller.  A 
red LED shall flash to display alarm status.  The station shall be capable of storing diagnostic 
codes which can be retrieved for troubleshooting assistance.  Input circuit wiring shall be 
supervised for open and ground faults.  The fire alarm pull station shall be suitable for operation in 
the following environment: 

1 Temperature: 32oF to 120oF (0oC to 49o

2 Humidity: 0-93% RH, non-condensing 
C) 

2.6 NOTIFICATION APPLIANCES 
A. General 

1 All appliances shall be UL listed for Fire Protective Service.  All audible appliances, visual 
appliances and combination audible/visual appliances shall be capable of providing the  
equivalent facilitation  which is allowed under the Americans with Disabilities Act 
Accesabilities Guidelines (ADA/AG), and shall be UL 1971, and ULC S526 listed.   

B. Audible Only Notification Appliances 
1 Audible appliances shall be a mylar cone type speaker.  Paper type cones are not 

acceptable.  The rear of the speaker shall be completely sealed protecting the cone during 
and after installation.  Speakers shall  provide power taps at 1/4w, 1/2w, 1w, and 2w.  
Speakers shall provide UL confirmed 90 dBA sound output at 2w.  

2 Audible appliances shall be provided with in/out wiring terminals. 
3 Audible appliances shall be flush for ceiling mounted and flush/semi-flush for wall mounted 

as indicated on the Drawings.  They shall have a white faceplate for ceiling mounting and 
red faceplate for wall mounting.  They shall mount to a standard 4" square electrical box. 

C. Visual Only Notification Appliances 
1 Visual appliances shall be a self-synchronized strobe.  The strobe flashtube shall be 

enclosed in a rugged lexan lens with solid state circuitry.  The strobe shall provide 15, 
15/75, 30, 60 and 110 candela synchronized flash outputs.  The strobe intensity selection 
shall be based on the installed location within the building. 

2 Visual appliances shall be provided with in/out field wiring terminals. 
3 Visual appliances shall have lens markings oriented for wall mounting where indicated on 

the Drawings.  They shall have a red faceplate for flush/semi-flush wall mounting.  They 
shall mount to a standard 4" square electrical outlet box. 

D. Combination Audible/Visual Notification Appliances 
1 Combination appliances shall be a combination of the audible and visual appliances 

specified previously.  They shall have a red faceplate for flush/semi-flush wall mounting. 
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2 The majority, if not all, of the notification appliances shall be combination devices such that the 
visual and audible requirements of ADA shall be complied with.  Visual notification appliances 
shall be located in all areas of common use, i.e. lobbies, hallways, restrooms, 
meeting/conference/assembly areas, break rooms, copy/fax/mail rooms, etc.  Audible notification 
appliances shall produce a sound that exceeds the prevailing equivalent sound level in the room 
or space by at least 15dbA or exceeds any maximum sound level with a duration of 60 seconds 
by 5dbA, whichever is louder.  Sound levels for alarm signals shall not exceed 120 dbA.  It is the 
intent of the Drawings to show all devices that are required.  The fire alarm system vendor/bidder 
shall provide all appliances shown and/or required by these specifications but it others are 
anticipated to be required the vendor/bidder shall qualify the provisions for the system making 
note of the additional cost for the anticipated additional requirements. 

2.7 ANCILLARY DEVICES 
A. Remote Relays 

1 Multi-Voltage Control Relays 
1 Remote control relays shall be provided as required for the system configuration for 

connection to supervised ancillary circuits for control of fans, dampers, door releases, 
etc.  Relay contact ratings shall be SPDT or DPDT, as required, and rated for 10 
amperes at 115 Vac. A single relay may be energized from a voltage source of 12 Vdc, 
12 Vac, 24 Vdc, 24 Vac, 115 Vac, or  230 Vac, as required.  A red LED shall indicate the 
relay is energized.  A metal enclosure shall be provided. 

2 Manual Override Control Relays 
1 Remote control relays with a manual override shall be provided as required for the 
system configuration for connection to supervised ancillary circuits for control of fans, 
dampers, door releases, etc.  Relay contact ratings shall be SPDT and rated for 10 
amperes at 115 Vac or 24 Vdc. A single relay may be energized from a voltage source of 
24 Vdc or 24 Vac. A red LED shall indicate the relay is energized. 

3 Heavy Duty Power Relays 
1 Remote control relays shall be provided as required for the system configuration for 

connection to supervised ancillary circuits for control of fans, dampers, door releases, 
etc.  Relay contact ratings shall be DPDT and rated for 30 amperes at 300 Vac or 2 HP 
motor load. A single relay may be energized from a voltage source of 24 Vac,115 Vac, 
as required.  A metal enclosure shall be provided. 

2.8 ELECTROMAGNETIC DOOR HOLDERS 
A. Provide single or double door, floor or wall mounted electromagnetic door holder/release devices as 

indicated on the Drawings.  The devices shall be rated for 24V ac/dc input. The devices shall be 
brushed zinc finished. 

2.9 FIRE ALARM CABLE 
A. The fire alarm cable shall plenum rated and be UL listed and suitable for use as power limited fire 

protective signaling circuit cable in accordance with National Electric Code Article 760 (Fire Alarm 
Systems) and Article 725 (Class 1, Class 2 and Class 3 - Remote Control, Signaling and Power-
Limited Circuits). 

B. Cable Construction 
1 Conductors shall be solid, soft annealed, uncoated copper. 
2 Insulation shall be 300 volt, 105ºC polyvinylchloride. 
3 Two conductor, non-shielded cables shall be parallel; shielded and three or more 

conductors shall be cabled round. 
4 Shielding shall be mylar backed aluminum foil, helically wrapped to provide 100% 

coverage.  A suitable copper drain wire shall be provided with shielded cables. 
5 Jacket shall be red, 105ºC polyvinylchloride, rated 300 volt. 
6 Cable shall be plenum rated when installed in air handling plenums. 

C. In general, non-shielded cable is acceptable for use throughout except on voice circuits.  All voice 
circuits shall utilize shielded, twisted pair cable. 
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PART 3 - EXECUTION 
 
3.1 APPROVALS 

A. Complete fire alarm system drawings shall be issued to the Local Authority Having Jurisdiction for 
approval prior to the installation of the fire alarm system. 

3.2 INSTALLATION 
A. Installation of the Fire Alarm System shall be in strict compliance with manufacturers 

recommendations.  The entire system shall be installed in accordance with approved manufacturers 
manuals and wiring diagrams and as approved by the Local Authority Having Jurisdiction. 

B. Fire alarm cable shall be installed in conduit in areas of exposed structure and within inaccessible 
ceilings.  Conduit shall also be provided from outlet boxes within walls stubbed up to accessible 
ceilings.  Provide end bushings on conduit stub-ups.  Cable only is acceptable in accessible 
ceilings. 

C. All conduit, wiring, outlet boxes, junction boxes, cabinets and similar devices necessary for the 
complete installation shall be included as part of the system.  All junction box blank coverplates 
shall be labeled with a red “F.A.” for identification purposes. 

D. All wiring shall be color coded throughout. 
 

E. The system shall be installed and fully tested under the supervision of trained manufacturer's 
representatives. The system shall be demonstrated to perform all the functions as specified. 

 
 

END OF SECTION 
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SECTION 16741 
TELEPHONE AND DATA COMMUNICATION 

 
PART 1 - GENERAL 
 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and 
Division 1 Specification sections, apply to work covered by this Section. 

B. Comply with Division 16 Sections, as applicable.  Refer to other Divisions for coordination of 
work. 

 
1.2 SCOPE OF WORK 

A. Provide labor, materials, equipment, tools and services, and perform operations required for, 
and reasonably incidental to, the providing of a telephone and data communications empty 
conduit system, including all related systems and accessories. 

B. Refer to section 17120 and  16740 for wiring. 
1.3 SUBMITTALS 

A. Submit product data and shop drawings in accordance with Division 1 for products specified 
under  PART 2 - PRODUCTS. 

PART 2 - PRODUCTS 
2.1 GENERAL 

A. Conduit, conduit sleeves, outlet boxes, cover plates and pullwire as indicated. 
B. Fireproofing material for telephone and data communication conduit and conduit sleeves 

through fire rated walls and floors. 
PART 3 - EXECUTION 
3.1 INSTALLATION 

A. Install telephone and data communication raceways as indicated. 
B. Install individual raceways from telephone and data communications outlets to above 

accessible ceiling.  In areas without a ceiling, raceways shall be routed to the nearest ceiling 
space.  In building without a ceiling, raceways shall be extended back to the main telephone/ 
data communication board or to a location indicated on the Drawings. 
1 Minimum size conduit:  one inch. 
2 Raceway installation shall be in accordance with Section 16130. 
3 Coordinate raceway installations in millwork and other fabricated architectural items 

with the other portions of the Work. 
4 Provide pullwire in each raceway tagged on each end. 
5 Raceways shall be terminated with an insulating bushing or a suitable connector 

with an insulated throat. 
C. Provide telephone and data communications outlet boxes. 

1 Provide a one-gang outlet unless noted otherwise. 
2 Install outlet box and device ring at each location. 
3 Install telephone and data communications outlets at same height specified for 

convenience outlets unless noted otherwise.  Group telephone and data 
communications outlets with related receptacle outlets unless noted otherwise. 

4 Install a blank cover plate on all unused communications outlet boxes. 
 

END OF SECTION 
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SECTION 16900 
EQUIPMENT CONNECTIONS AND CONTROL WIRING 

 
PART 1 - GENERAL 
 
1.1 RELATED REQUIREMENTS 

A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 
Specification sections, apply to work covered by this Section. 

B. Comply with Division 16 Sections, as applicable.  Refer to other Divisions for coordination of work. 
C. The furnishing and installation of control power wiring required for equipment furnished under Division 

15 and not shown on the electrical drawings shall be furnished under Division 15.  Control power wiring 
is defined as the line voltage (120V) power wiring for equipment control cabinets, temperature control, 
energy management, or building automation system panels and line voltage smoke/fire dampers.  
Provide 120V to equipment control devices.  Coordinate with Division 15 prior to rough-ins. 

D. The furnishing and installation of the temperature control wiring, energy management system or 
building automation wiring not shown on the electrical drawings shall be furnished under Division 15.  
Temperature control, energy management system and building automation system wiring is defined as 
the interlock or interconnecting wiring required between system control devices, appurtenances and 
control panels to allow the system to function automatically.  This includes wiring between the fire alarm 
system, smoke exhaust systems, door entry systems and any other system requiring interface with the 
temperature control, energy management and building automation system. 

1.2 SCOPE OF WORK 
A. Provide labor, materials, equipment, tools and services, and perform operations required for, and 

reasonably incidental to, the providing of power wiring to each motor-driven and/or electrically-operated 
system or unit of equipment. 

B. Provide labor, materials, equipment, tools and services, and perform operations required for, and 
reasonably incidental to, the providing of the line voltage wiring serving power to a motor(s) or piece of 
electric powered equipment.  The wiring shall allow the motor(s) or equipment to operate in a manual 
mode. 

C. All control wiring above the ceiling or in the A/C return plenum shall be plenum rated cable. 
D. Provide labor, materials, equipment, tools and services and perform operations required for, and 

reasonably incidental to, the providing of control wiring for miscellaneous systems.  The Contractor 
shall be responsible for reviewing the project specifications to ascertain the extent of the control wiring 
required for the miscellaneous systems and shall assume the responsibility for performing the work. 

E. Provide labor, materials, equipment, tools and services, and perform operations required for and 
reasonably incidental to, the providing of a fully connected and operating smoke damper installation.  
Coordinate with the mechanical contractor th required work. The following is a description of the 
responsibilities for the specified system: 
1 The mechanical contractor will provide the smoke dampers and actuators as indicated in the 

specifications and on the plans.  In addition, if the smoke dampers have pneumatic actuators, 
the mechanical contractor will provide all control air piping from a source to each smoke 
damper and the electro-pneumatic (EP) and/or pneumatic-electric (PE) switches as required 
for actuation of the smoke dampers. 

2 The electrical contractor shall provide the power wiring for the smoke damper actuators. 
3 The fire alarm contractor shall provide the signal and control wiring for the operation of the 

smoke dampers including all wiring of EP and/or PE switches. 
 
PART 2 - PRODUCTS 
2.1 MATERIALS 

A. Materials and equipment provided hereinafter shall comply with other Division 16 Sections and with 
Division 15 of these Specifications. 
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PART 3 - EXECUTION 
3.1 MOTORS 

A. Except for items that are furnished with factory-installed, integral motors, an electric motor of 
required size and electrical characteristics will be provided and installed as specified in Division 15 
for each item of motor-driven equipment.  As part of the work of this Section, complete the electrical 
installation of these motors in accordance with approved wiring diagrams and instructions. 

B. Where disconnect switches or circuit breakers are not provided integral with control equipment for 
motors and other electrical appurtenances, provide and install all disconnect switches required by the 
National Electrical Code and/or as indicated on the Drawings. 

3.2 SYSTEM, EQUIPMENT AND DEVICE WIRING 
A. Connect complete for operation all items of heating, ventilation, air conditioning, plumbing, fire 

protection and all electrical systems, equipment and devices furnished by the Owner or specified in 
other Divisions of the Specifications.  System, equipment and device outlets of various types have been 
indicated in the Specifications or on the drawings, but indication of exact location or scope of the work 
may not be indicated.  Refer to the Owner and to the work specified in the other Divisions for the scope 
of connections to the equipment furnished by them and for the exact locations of all connections to the 
equipment furnished by them.  Power wiring shall be provided under Division 16 as indicated.  Control 
wiring not indicated to be provided under Division 16 shall be provided by the provider of the system, 
equipment, or device and installed and terminated under Division 16.  Request all rough-in drawings 
required for proper installation of the electrical work in ample time to permit preparation of the 
installation drawings and thus avoid delays on the job. 

 
END OF SECTION 
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	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 following basic mechanical materials and methods to complement other Division 15 Sections.
	1. Piping materials and installation instructions common to most piping systems.
	2. Concrete base construction requirements.
	3. Escutcheons.
	4. Dielectric fittings.
	5. Flexible connectors.
	6. Mechanical sleeve seals.
	7. Equipment nameplate data requirements.
	8. Nonshrink grout for equipment installations.
	9. Field-fabricated metal and wood equipment supports.
	10. Installation requirements common to equipment specification sections.
	11. Cutting and patching.
	12. Touchup painting and finishing.


	1.3 DEFINITIONS
	A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawl spaces, and tunnels.
	B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations:  Exposed to view outdoors, or subject to outdoor ambient temperatures and weather conditions.  Examples include rooftop locations.
	D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building occupants.  Examples include above ceilings and in duct shafts.
	E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and physical contact by building occupants, but subject to outdoor ambient temperatures.  Examples include installations within unheated shelters.
	F. The following are industry abbreviations for plastic materials:
	1. PVC:  Polyvinyl chloride plastic.

	G. The following are industry abbreviations for rubber materials:
	1. EPDM:  Ethylene propylene diene terpolymer rubber.


	1.4 SUBMITTALS
	A. Product Data:  For dielectric fittings, flexible connectors, mechanical sleeve seals, and identification materials and devices.
	B. Coordination Drawings:  Detail major elements, components, and systems of mechanical equipment and materials in relationship with other systems, installations, and building components.  Show space requirements for installation and access.  Indicate...
	1. Planned piping layout, including valve and specialty locations and valve-stem movement.
	2. Clearances for servicing and maintaining equipment, accessories, and specialties, including space for disassembly required for periodic maintenance.
	3. Sizes and location of required concrete pads and bases.
	4. Floor plans, elevations, and details to indicate penetrations in floors, walls, and ceilings and their relationship to other penetrations and installations.
	5. Reflected ceiling plans to coordinate and integrate installation of air outlets and inlets, light fixtures, communication system components, sprinklers, and other ceiling-mounted items.


	1.5 QUALITY ASSURANCE
	A. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of identification devices.
	B. Equipment Selection:  Equipment of higher electrical characteristics, physical dimensions, capacities, and ratings may be furnished provided such proposed equipment is approved in writing and connecting mechanical and electrical services, circuit b...

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, storage, and handling to prevent pipe end damage and prevent entrance of dirt, debris, and moisture.
	B. Protect stored pipes, ductwork, equipment, and tubes from moisture and dirt.  Elevate above grade.  Do not exceed structural capacity of floor, if stored inside.
	C. Protect flanges, fittings, and piping specialties from moisture and dirt.
	D. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending.

	1.7 SEQUENCING AND SCHEDULING
	A. Coordinate mechanical equipment installation with other building components.
	B. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction to allow for mechanical installations.
	C. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and other structural components, as they are constructed.
	D. Sequence, coordinate, and integrate installations of mechanical materials and equipment for efficient flow of the Work.  Coordinate installation of large equipment requiring positioning before closing in building.
	E. Coordinate connection of mechanical systems with exterior underground and overhead utilities and services.  Comply with requirements of governing regulations, franchised service companies, and controlling agencies.
	F. Coordinate requirements for access panels and doors if mechanical items requiring access are concealed behind finished surfaces.  Access panels and doors are specified in Division 8.
	G. Coordinate installation of identifying devices after completing covering and painting, if devices are applied to surfaces.  Install identifying devices before installing acoustical ceilings and similar concealment.
	1.8 OPERATION PRIOR TO ACCEPTANCE
	A. When any equipment is operable, and it is to the advantage of the Contractor to operate the equipment, he may do so provided that he properly supervises the operation, and retains full responsibility for the equipment operated.
	B. Regardless of whether or not the equipment has or has not been operated, the Contractor shall clean the equipment properly, make required adjustments, and complete punch list items before final acceptance by the Owner.
	C. The date of acceptance by the Engineer, for beneficial use by the Owner, shall be the beginning date of the warranty period.
	1.9 SPACE AND EQUIPMENT ARRANGEMENT
	A. The size of each item of mechanical equipment shown on the Drawings is based on the dimensions of a particular manufacturer as indicated.  While other manufacturers may be acceptable, it shall be the responsibility of the Contractor to determine wh...
	B. Install equipment in a manner to permit access to all surfaces.  Install valves, motors, drives, lubricating devices, filters, and other accessory items in a position to allow removal for service without requiring the disassembly of another part.
	C. Provide access panels acceptable to the Engineer for equipment that is concealed above ceiling space.
	D. Large equipment assemblies or components which will be installed in the building, and which are too large to permit access through doorways, stairways or shafts, shall be brought to the site and placed in the appropriate spaces before the enclosing...
	1.10 START-UP OF EQUIPMENT AND SYSTEMS
	A. Whenever the manufacturer of a particular item of equipment or a particular system makes available a start-up service after completion of the installation, such manufacturer’s start-up service (rendered by the manufacturer or his authorized represe...
	B. Witnessing and explanations of start-up services shall be included as part of the “Instruction of Owner’s Personnel” as specified below.
	1.11 INSTRUCTION OF OWNER’S PERSONNEL
	A. Provide the services of competent engineers or technicians acceptable to the Engineer to instruct representatives of the Owner in complete and detailed operation and maintenance of each item of equipment, and each system.  These instructions shall ...
	B. The Contractor shall be fully responsible for proper maintenance of equipment and systems until the instructions have been given to the Owner’s personnel and the letter of release acknowledged.
	C. In providing the instructions to the Owner’s personnel, the written operating and maintenance manuals shall be followed in all instances, and the Owner’s personnel shall be familiarized with such manuals.  Operating and maintenance manuals used for...
	D. Provide the Owner with three (3) complete sets of all maintenance manuals, pamphlets, brochures or instructions.  This material shall be catalogued, indexed and bound into books.
	1.12 ACCEPTABLE MANUFACTURERS
	A. Provide equipment and materials from listed manufacturers listed within this specification.  Deviations from this specification will not be acceptable.  When one manufacturer is listed, alternate materials and equipment may be provided “equal to” t...


	PART 2 -  PRODUCTS
	2.1 STANDARD PRODUCTS
	A. Each item of equipment furnished under this Division of the Specifications shall be essentially the standard product of the manufacturer.  Where two or more units of the same kind or class of equipment are required, these shall be the products of a...
	B. Materials and equipment shall be of the base quality normally used in good commercial practice, and shall be the products of reputable domestic manufacturers unless otherwise specified.  Each major component shall bear a nameplate giving the name a...

	2.2 QUALITY AND CLASSIFICATION OF MATERIALS
	A. Materials and equipment shall be new and of the quality specified, and shall be free from defects at the time of installation.  Materials or equipment damaged in shipment or otherwise damaged prior to installation shall not be repaired at the job s...
	B. Wherever a UL standard has been established for a particular type of material or equipment, each such material or equipment provided on this project shall meet the requirements of the UL standard in every way and shall be UL listed and labeled.

	2.3 LOCAL PARTS AND SERVICE
	A. Each item of equipment furnished on this project shall have local representation, factory-authorized service, and an adequate stock of repair parts.  “Local” shall be defined, for this purpose, as “within 50 miles of the project site.”

	2.4 FLAME SPREAD PROPERTIES OF MATERIALS
	A. Materials used for insulation, acoustical linings, adhesives, jackets and coatings, and combinations of these materials, shall each have a flame spread rating of 25 or less, and a smoke developed rating of 50 or less, as determined by an independen...

	2.5 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Dielectric Unions:
	a. Watts Industries, Inc.; Water Products Div.
	b. Zurn Industries, Inc.; Wilkins Div.

	2. Mechanical Sleeve Seals:
	a. Calpico, Inc.
	b. Metraflex Co.
	c. Thunderline/Link-Seal.



	2.6 PIPE AND PIPE FITTINGS
	A. Refer to individual Division 15 piping Sections for pipe and fitting materials and joining methods.
	B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

	2.7 JOINING MATERIALS
	A. Refer to individual Division 15 piping Sections for special joining materials not listed below.
	B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos-free, 0T1/8-inch2T0T2T maximum thickness, unless thickness or specific material is indicated.
	a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

	2. AWWA C110, rubber, flat face, 0T1/8 inch2T0T2T thick, unless otherwise indicated; and full-face or ring type, unless otherwise indicated.

	C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
	D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system manufacturer, unless otherwise indicated.
	E. Solder Filler Metals:  ASTM B 32.
	1. Alloy Sn95 or Alloy Sn94:  Approximately 95 percent tin and 5 percent silver, with 0.10 percent lead content.

	F. Brazing Filler Metals:  AWS A5.8.
	1. BCuP Series:  Copper-phosphorus alloys.
	2. BAg1:  Silver alloy.

	G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	H. Solvent Cements:  Manufacturer's standard solvent cements for the following:
	1. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656.
	2. PVC to ABS Piping Transition:  ASTM D 3138.

	I. Plastic Pipe Seals:  ASTM F 477, elastomeric gasket.
	J. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts:  AWWA C110, rubber gasket, carbon-steel bolts and nuts.
	K. Couplings:  Iron-body sleeve assembly, fabricated to match OD of plain-end, pressure pipes.
	1. Sleeve:  ASTM A 126, Class B, gray iron.
	2. Followers:  0TASTM A 472T0T2T malleable iron or ASTM A 536 ductile iron.
	3. Gaskets:  Rubber.
	4. Bolts and Nuts:  AWWA C111.
	5. Finish:  Enamel paint.


	2.8 DIELECTRIC FITTINGS
	A. General:  Assembly or fitting with insulating material isolating joined dissimilar metals, to prevent galvanic action and stop corrosion.
	B. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld-neck end types and matching piping system materials.
	C. Insulating Material:  Suitable for system fluid, pressure, and temperature.
	D. Dielectric Unions:  Factory-fabricated, union assembly, for 0T250-psig2T0T2T minimum working pressure at 0T180 deg F2T0T2T.

	2.9 MECHANICAL SLEEVE SEALS
	A. Description:  Modular design, with interlocking rubber links shaped to continuously fill annular space between pipe and sleeve.  Include connecting bolts and pressure plates.

	2.10 PIPING SPECIALTIES
	A. Sleeves:  The following materials are for wall, floor, slab, and roof penetrations:
	1. Steel Sheet Metal:  0T0.0239-inch0T minimum thickness, galvanized, round tube closed with welded longitudinal joint.
	2. Steel Pipe:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends.
	3. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	4. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping ring and bolts and nuts for membrane flashing.
	a. Underdeck Clamp:  Clamping ring with set screws.


	B. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type if required to conceal protruding fittings and sleeves.
	1. ID:  Closely fit around pipe, tube, and insulation of insulated piping.
	2. OD:  Completely cover opening.
	3. Cast Brass:  One piece, with set screw.
	a. Finish:  Rough brass.
	b. Finish:  Polished chrome-plate.

	4. Cast-Iron Floor Plate:  One-piece casting.


	2.11 GROUT
	A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B.
	1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout, nonstaining, noncorrosive, nongaseous, and recommended for interior and exterior applications.
	2. Design Mix:  0T5000-psig0T, 28-day compressive strength.
	3. Packaging:  Premixed and factory packaged.



	PART 3 -  EXECUTION
	3.1 PIPING SYSTEMS - COMMON REQUIREMENTS
	A. General:  Install piping as described below, unless piping Sections specify otherwise.  Individual Division 15 piping Sections specify unique piping installation requirements.
	B. General Locations and Arrangements:  Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizi...
	C. Install piping at indicated slope.
	D. Install components with pressure rating equal to or greater than system operating pressure.
	E. Install piping in concealed interior and exterior locations, except in equipment rooms and service areas.
	F. Install piping free of sags and bends.
	G. Install exposed interior and exterior piping at right angles or parallel to building walls.  Diagonal runs are prohibited, unless otherwise indicated.
	H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements.  Allow sufficient space above removable ceiling panels to allow for ceiling panel removal.
	I. Install piping to allow application of insulation plus 0T1-inch0T clearance around insulation.
	J. Locate groups of pipes parallel to each other, spaced to permit valve servicing.
	K. Install fittings for changes in direction and branch connections.
	L. Install couplings according to manufacturer's written instructions.
	M. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board partitions, and suspended ceilings according to the following:
	1. Chrome-Plated Piping:  Cast brass, one piece, with set screw, and polished chrome-plated finish.
	2. Uninsulated Piping Wall Escutcheons:  Cast brass or stamped steel, with set screw.
	3. Uninsulated Piping Floor Plates in Utility Areas:  Cast-iron floor plates.
	4. Insulated Piping:  Cast brass or stamped steel; with concealed hinge, spring clips, and chrome-plated finish.
	5. Piping in Utility Areas:  Cast brass or stamped steel, with set-screw or spring clips.

	N. Sleeves are not required for core drilled holes.
	O. Install sleeves for pipes passing through concrete and masonry walls, and concrete floor and roof slabs.
	P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and concrete floor and roof slabs.
	1. Cut sleeves to length for mounting flush with both surfaces.
	a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other wet areas 0T2 inches0T above finished floor level.  Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if ring is specified.

	2. Build sleeves into new walls and slabs as work progresses.
	3. Install sleeves large enough to provide 0T1/4-inch0T annular clear space between sleeve and pipe or pipe insulation.  Use the following sleeve materials:
	a. Steel Pipe Sleeves:  For pipes smaller than 0T6-inch NPS0T.
	b. Steel, Sheet-Metal Sleeves:  For pipes 0T6-inch NPS0T and larger, penetrating gypsum-board partitions.

	4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe insulation, using elastomeric joint sealants.  Refer to Division 7 for materials.
	5. Use Type S, Grade NS, Class 25, Use O, neutral-curing silicone sealant, unless otherwise indicated.

	Q. Aboveground, Exterior-Wall, Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  Size sleeve for 0T1-inch0T annular clear space between pipe or pipe insulation and sleeve for installing mechanical sleeve seals.
	1. Install steel pipe for sleeves smaller than 0T6 inches0T in diameter.
	2. Install cast-iron "wall pipes" for sleeves 0T6 inches0T in diameter and larger.
	3. Assemble and install mechanical sleeve seals according to manufacturer's written instructions.  Tighten bolts that cause rubber sealing elements to expand and make watertight seal.

	R. Underground, Exterior-Wall, Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal pipe penetrations using mechanical sleeve seals.  Size sleeve for 0T1-inch0T annular clear space between pipe and sleeve for installing mechanical sle...
	1. Assemble and install mechanical sleeve seals according to manufacturer's written instructions.  Tighten bolts that cause rubber sealing elements to expand and make watertight seal.

	S. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestopping materials.  Refer to Division 7 for materials.
	T. Verify final equipment locations for roughing-in.
	U. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.
	V. Piping Joint Construction:  Join pipe and fittings as follows and as specifically required in individual piping specification Sections:
	1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	3. Soldered Joints:  Construct joints according to AWS's "Soldering Manual," Chapter "The Soldering of Pipe and Tube"; or CDA's "Copper Tube Handbook."
	4. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and Tube."
	5. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	a. Note internal length of threads in fittings or valve ends, and proximity of internal seat or wall, to determine how far pipe should be threaded into joint.
	b. Apply appropriate tape or thread compound to external pipe threads, unless dry seal threading is specified.
	c. Align threads at point of assembly.
	d. Tighten joint with wrench.  Apply wrench to valve end into which pipe is being threaded.
	e. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

	6. Welded Joints:  Construct joints according to AWS D10.12, "Recommended Practices and Procedures for Welding Low Carbon Steel Pipe," using qualified processes and welding operators according to "Quality Assurance" Article.
	7. Flanged Joints:  Align flange surfaces parallel.  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Assemble joints by sequencing bolt tightening to make initial conta...
	8. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces by wiping with clean cloth or paper towels.  Join pipe and fittings according to the following:
	a. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.
	b. PVC Nonpressure Piping:  ASTM D 2855.
	c. PVC to ABS Nonpressure Transition Fittings:  Procedure and solvent cement according to ASTM D 3138.

	9. Plastic Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth or paper towels.  Join according to ASTM D 2657 procedures and manufacturer's written instructions.
	a. Plain-End Pipe and Fittings:  Use butt fusion.
	b. Plain-End Pipe and Socket Fittings:  Use socket fusion.


	W. Piping Connections:  Make connections according to the following, unless otherwise indicated:
	1. Install unions, in piping 0T2-inch NPS0T and smaller, adjacent to each valve and at final connection to each piece of equipment with 0T2-inch NPS0T or smaller threaded pipe connection.
	2. Install flanges, in piping 0T2-1/2-inch NPS0T and larger, adjacent to flanged valves and at final connection to each piece of equipment with flanged pipe connection.
	3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of dissimilar metals.
	4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials of dissimilar metals.


	3.2 EQUIPMENT AND MATERIAL INSTALLATION - COMMON REQUIREMENTS
	A. Install equipment and material to provide maximum possible headroom, if mounting heights are not indicated.
	B. Install equipment according to approved submittal data.  Portions of the Work are shown only in diagrammatic form.  Refer conflicts to Architect.
	C. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	D. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.
	E. Install equipment and ductwork giving right of way to piping installed at required slope.
	F. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel to equipment shafts if possible.

	3.3 PAINTING AND FINISHING
	A. Refer to Division 9 for paint materials, surface preparation, and application of paint.
	B. Do not paint piping specialties with factory-applied finish.
	C. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and procedures to match original factory finish.

	3.4 CONCRETE BASES
	A. Construct concrete bases of dimensions indicated, but not less than 0T4 inches0T larger in both directions than supported unit.  Follow supported equipment manufacturer's setting templates for anchor bolt and tie locations.  Use 0T3000-psig0T, 28-d...

	3.5 ERECTION OF METAL SUPPORTS AND ANCHORAGE
	A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor mechanical materials and equipment.
	B. Field Welding:  Comply with AWS D1.1, "Structural Welding Code--Steel."

	3.6 CUTTING AND PATCHING
	A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for mechanical installations.  Perform cutting by skilled mechanics of trades involved.
	B. Repair cut surfaces to match adjacent surfaces.

	3.7 GROUTING
	A. Install nonmetallic, nonshrink, grout for mechanical equipment base bearing surfaces, pump and other equipment base plates, and anchors.  Mix grout according to manufacturer's written instructions.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placing of grout.
	E. Place grout, completely filling equipment bases.
	F. Place grout on concrete bases to provide smooth bearing surface for equipment.
	G. Place grout around anchors.
	H. Cure placed grout according to manufacturer's written instructions.



	15060-Hangers
	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 hangers and supports for mechanical system piping and equipment.
	B. Related Sections include the following:
	1. Division 5 Sections for materials for attaching hangers and supports to building structure.
	2. Division 13 Sections on fire-suppression piping for fire-suppression pipe hangers.
	3. Division 15 Section "Mechanical Vibration Controls and Seismic Restraints" for vibration isolation and seismic restraint devices.


	1.3 DEFINITIONS
	A. MSS:  Manufacturers Standardization Society for the Valve and Fittings Industry.
	B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

	1.4 PERFORMANCE REQUIREMENTS
	A. Design channel support systems for piping to support multiple pipes capable of supporting combined weight of supported systems, system contents, and test water.
	B. Design heavy-duty steel trapezes for piping to support multiple pipes capable of supporting combined weight of supported systems, system contents, and test water.

	1.5 SUBMITTALS
	A. Product Data:  For each type of pipe hanger, channel support system component, and thermal-hanger shield insert indicated.
	B. Shop Drawings:  Signed and sealed by a qualified professional engineer for multiple piping supports and trapeze hangers.  Include design calculations and indicate size and characteristics of components and fabrication details.

	1.6 QUALITY ASSURANCE
	A. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for each multiple pipe support and trapeze by a qualified professional engineer.
	1. Professional Engineer Qualifications:  A professional engineer who is legally qualified to practice in jurisdiction where Project is located and who is experienced in providing engineering services of the kind indicated.  Engineering services are d...



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Pipe Hangers:
	a. Globe Pipe Hanger Products, Inc.
	b. Grinnell Corp.
	c. Michigan Hanger Co., Inc.



	2.2 MANUFACTURED UNITS
	A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  Refer to "Hanger and Support Applications" Article in Part 3 for where to use specific hanger and support types.
	1. Galvanized, Metallic Coatings:  For piping and equipment that will not have field-applied finish.
	2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are in direct contact with copper tubing.

	B. Channel Support Systems:  MFMA-2, factory-fabricated components for field assembly.
	1. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated.
	Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are in direct contact with copper tubing.


	2.3 MISCELLANEOUS MATERIALS
	A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities appropriate for supported loads and building materials where used.
	B. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT APPLICATIONS
	A. Specific hanger requirements are specified in Sections specifying equipment and systems.
	B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in piping system Specification Sections.
	C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:
	1. Adjustable Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or insulated stationary pipes, 0TNPS 1/2 to NPS 300T.
	2. Adjustable Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated stationary pipes, 0TNPS 1/2 to NPS 20T.
	3. Extension Hinged Clamps (MSS Type 12):  For suspension of noninsulated stationary pipes, 0TNPS 3/8 to NPS 30T.

	D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:
	1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, 0TNPS 3/4 to NPS 200T.

	E. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:
	1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 0T6 inches0T for heavy loads.
	2. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings.
	3. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of building attachments.
	4. Steel Weldless Eye Nuts (MSS Type 17):  For 0T120 to 450 deg F0T piping installations.

	F. Building Attachments:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:
	1. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist construction to attach to top flange of structural shape.
	2. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, channels, or angles.
	3. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams.
	4. C-Clamps (MSS Type 23):  For structural shapes.
	5. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to flange edge.
	6. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-beams for heavy loads.
	7. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching tobottom of steel I-beams for heavy loads, with link extensions.
	8. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to structural steel.

	G. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:
	1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with insulation that matches adjoining insulation.
	2. Protection Shields (MSS Type 40):  Of length recommended by manufacturer to prevent crushing insulation.

	H. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping system Specification sections, install the following types:
	1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement.
	2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 1-1/4 inches (32 mm).


	3.2 HANGER AND SUPPORT INSTALLATION
	A. Pipe Hanger and Support Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, supports, clamps, and attachments as required to properly support piping from building structure.
	B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and support together on field-assembled channel systems.
	1. Field assemble and install according to manufacturer's written instructions.

	C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of horizontal piping and support together on field-fabricated, heavy-duty trapezes.
	1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or install intermediate supports for smaller diameter pipes as specified above for individual pipe hangers.
	2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  Weld steel according to AWS D-1.1.

	D. Install building attachments within concrete slabs or attach to structural steel.  Space attachments within maximum piping span length indicated in MSS SP-69.  Install additional attachments at concentrated loads, including valves, flanges, guides,...
	E. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.
	F. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	G. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	H. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum pipe deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded.
	I. Insulated Piping:  Comply with the following:
	1. Attach clamps and spacers to piping.
	a. Piping Operating above Ambient Air Temperature:  Clamp may project through insulation.
	b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield insert with clamp sized to match OD of insert.
	c. Do not exceed pipe stress limits according to ASME B31.9.

	2. Shield Dimensions for Pipe:  Not less than the following:
	a. 0TNPS 1/4 to NPS 3-1/20T:  0T12 inches0T long and 0T0.048 inch0T thick.
	b. 0TNPS 40T:  0T12 inches 0Tlong and 0T0.06 inch0T thick.
	c. 0TNPS 5 and NPS 60T:  18 inches long and 0.06 inch thick.
	d. 0TNPS 8 to NPS 140T:  24 inches long and 0.075 inch thick.
	e. 0TNPS 16 to NPS 240T:  24 inches long and 0.105 inch thick.

	5. Pipes NPS 8 and Larger:  Include wood inserts.
	6. Insert Material:  Length at least as long as protective shield.


	3.3 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure above or to support equipment above floor.
	B. Grouting:  Place grout under supports for equipment and make smooth bearing surface.

	3.4 ADJUSTING
	A. Hanger Adjustment:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.



	15070 - SUPPORTS_AND_ANCHORS
	15075-Mech Ident.
	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 following mechanical identification materials and their installation:
	1. Equipment nameplates.
	2. Equipment markers.
	3. Access panel and door markers.
	4. Pipe markers.
	5. Duct markers.
	6. Valve tags.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with location of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT IDENTIFICATION DEVICES
	A. Equipment Nameplates:  Metal, with data engraved or stamped, for permanent attachment on equipment.
	1. Data:
	a. Manufacturer, product name, model number, and serial number.
	b. Capacity, operating and power characteristics, and essential data.
	c. Labels of tested compliances.

	2. Location:  Accessible and visible.
	3. Fasteners:  As required to mount on equipment.

	B. Equipment Markers:  Engraved, color-coded laminated plastic.  Include contact-type, permanent adhesive.
	1. Terminology:  Match schedules as closely as possible.
	2. Data:
	a. Name and plan number.
	b. Equipment service.
	c. Design capacity.
	d. Other design parameters such as pressure drop, entering and leaving conditions, and speed.

	3. Size:  0T2-1/2 by 4 inches0T2T (64 by 100 mm)2T for control devices, dampers, and valves; 0T4-1/2 by 6 inches0T2T (115 by 150 mm)2T for equipment.
	4. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive.


	2.2 PIPING IDENTIFICATION DEVICES
	A. Manufactured Pipe Markers, General:  Preprinted, color-coded, with lettering indicating service, and showing direction of flow.
	1. Colors:  Comply with ASME A13.1, unless otherwise indicated.
	2. Lettering:  Use piping system terms indicated and abbreviate only as necessary for each application length.
	3. Pipes with OD, Including Insulation, Less Than 0T6 Inches0T2T (150 mm)2T:  Full-band pipe markers extending 360 degrees around pipe at each location.
	4. Pipes with OD, Including Insulation, 0T6 Inches0T2T (150 mm)2T and Larger:  Either full-band or strip-type pipe markers at least three times letter height and of length required for label.
	5. Arrows:  Integral with piping system service lettering to accommodate both directions; or as separate unit on each pipe marker to indicate direction of flow.

	B. Pretensioned Pipe Markers:  Precoiled semirigid plastic formed to cover full circumference of pipe and to attach to pipe without adhesive.
	C. Shaped Pipe Markers:  Preformed semirigid plastic formed to partially cover circumference of pipe and to attach to pipe with mechanical fasteners that do not penetrate insulation vapor barrier.
	D. Self-Adhesive Pipe Markers:  Plastic with pressure-sensitive, permanent-type, self-adhesive back.
	E. Plastic Tape:  Continuously printed, vinyl tape at least 0T3 mils0T2T (0.08 mm)2T thick with pressure-sensitive, permanent-type, self-adhesive back.
	1. Width for Markers on Pipes with OD, Including Insulation, Less Than 0T6 Inches0T2T (150 mm)2T:  0T3/4 inch0T2T (19 mm)2T minimum.
	2. Width for Markers on Pipes with OD, Including Insulation, 0T6 Inches0T2T (150 mm)2T or Larger:  0T1-1/2 inches0T2T (38 mm)2T minimum.


	2.3 DUCT IDENTIFICATION DEVICES
	A. Duct Markers:  Engraved, color-coded laminated plastic.  Include direction and quantity of airflow and duct service (such as supply, return, and exhaust).  Include contact-type, permanent adhesive.

	2.4 VALVE TAGS
	A. Valve Tags:  Stamped or engraved with 0T1/4-inch0T2T (6.4-mm)2T letters for piping system abbreviation and 0T1/2-inch0T2T (13-mm)2T numbers, with numbering scheme [approved by Architect] <Insert other>.  Provide 0T5/32-inch0T2T (4-mm)2T hole for fa...
	1. Material:  0T3/32-inch-0T2T (2.4-mm-)2T thick laminated plastic with 2 black surfaces and white inner layer.
	2. Valve-Tag Fasteners:  Brass wire-link or beaded chain; or S-hook.



	PART 3 -  EXECUTION
	3.1 APPLICATIONS, GENERAL
	A. Products specified are for applications referenced in other Division 15 Sections.  If more than single-type material, device, or label is specified for listed applications, selection is Installer's option.

	3.2 EQUIPMENT IDENTIFICATION
	A. Install and permanently fasten equipment nameplates on each major item of mechanical equipment that does not have nameplate or has nameplate that is damaged or located where not easily visible.  Locate nameplates where accessible and visible.  Incl...
	1. Pumps, compressors, chillers, condensers, and similar motor-driven units.
	2. Heat exchangers, coils, evaporators, and similar equipment.
	3. Fans, blowers, primary balancing dampers, and mixing boxes.
	4. Packaged HVAC central-station and zone-type units.

	B. Install equipment markers with permanent adhesive on or near each major item of mechanical equipment.  Data required for markers may be included on signs, and markers may be omitted if both are indicated.
	1. Letter Size:  Minimum 0T1/4 inch0T2T (6.4 mm)2T for name of units if viewing distance is less than 0T24 inches0T2T (600 mm)2T, 0T1/2 inch0T2T (13 mm)2T for viewing distances up to 0T72 inches0T2T (1830 mm)2T, and proportionately larger lettering fo...
	2. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety and emergency precautions, warn of hazards and improper operations, and identify units.
	3. Locate markers where accessible and visible.  Include markers for the following general categories of equipment:
	a. Main control and operating valves, including safety devices and hazardous units such as gas outlets.
	b. Fire department hose valves and hose stations.
	c. Meters, gages, thermometers, and similar units.
	d. Pumps, compressors, chillers, condensers, and similar motor-driven units.
	e. Heat exchangers, coils, evaporators, and similar equipment.
	f. Fans, blowers, primary balancing dampers, and mixing boxes.
	g. Packaged HVAC central-station and zone-type units.
	h. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.


	C. Install equipment signs with screws or permanent adhesive on or near each major item of mechanical equipment.  Locate signs where accessible and visible.
	1. Identify mechanical equipment with equipment markers in the following color codes:
	a. Green:  For cooling equipment and components.
	b. Yellow:  For heating equipment and components.
	c. Orange:  For combination cooling and heating equipment and components.

	2. Letter Size:  Minimum 0T1/4 inch0T2T (6.4 mm)2T for name of units if viewing distance is less than 0T24 inches0T2T (600 mm)2T, 0T1/2 inch0T2T (13 mm)2T for viewing distances up to 0T72 inches0T2T (1830 mm)2T, and proportionately larger lettering fo...
	3. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety and emergency precautions, warn of hazards and improper operations, and identify units.
	4. Include signs for the following general categories of equipment:
	a. Main control and operating valves, including safety devices.
	b. Pumps, compressors, chillers, condensers, and similar motor-driven units.
	c. Heat exchangers, coils, evaporators, and similar equipment.
	d. Fans, blowers, primary balancing dampers, and mixing boxes.
	e. Packaged HVAC central-station and zone-type units.
	f. Tanks and pressure vessels.
	g. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.


	D. Install access panel markers with screws on equipment access panels.

	3.3 PIPING IDENTIFICATION
	A. Install manufactured pipe markers indicating service on each piping system.  Install with flow indication arrows showing direction of flow.
	1. Pipes with OD, Including Insulation, Less Than 0T6 Inches0T2T (150 mm)2T:  Pretensioned pipe markers.  Use size to ensure a tight fit.
	2. Pipes with OD, Including Insulation, 0T6 Inches0T2T (150 mm)2T and Larger:  Self-adhesive pipe markers.  Use color-coded, self-adhesive plastic tape, at least 0T1-1/2 inches0T2T (38 mm)2T wide, lapped at least 0T3 inches0T2T (75 mm)2T at both ends ...

	B. Locate pipe markers and color bands where piping is exposed in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior nonconcealed locations as follows:
	1. Near each valve and control device.
	2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  Where flow pattern is not obvious, mark each pipe at branch.
	3. Near penetrations through walls, floors, ceilings, and nonaccessible enclosures.
	4. At access doors, manholes, and similar access points that permit view of concealed piping.
	5. Near major equipment items and other points of origination and termination.
	6. Spaced at maximum intervals of 0T50 feet0T2T (15 m)2T along each run.  Reduce intervals to 0T25 feet0T2T (7.6 m)2T in areas of congested piping and equipment.
	7. On piping above removable acoustical ceilings.  Omit intermediately spaced markers.


	3.4 DUCT IDENTIFICATION
	A. Install duct markers with permanent adhesive on air ducts in the following color codes:
	1. Green:  For cold-air supply ducts.
	2. Blue:  For exhaust-, outside-, relief-, return-, and mixed-air ducts.
	3. ASME A13.1 Colors and Designs:  For hazardous material exhaust.
	4. Letter Size:  Minimum 0T1/4 inch0T2T (6.4 mm)2T for name of units if viewing distance is less than 0T24 inches0T2T (600 mm)2T, 0T1/2 inch0T2T (13 mm)2T for viewing distances up to 0T72 inches0T2T (1830 mm)2T, and proportionately larger lettering fo...

	B. Locate markers near points where ducts enter into concealed spaces and at maximum intervals of 0T50 feet0T2T (15 m)2T in each space where ducts are exposed or concealed by removable ceiling system.

	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves; valves within factory-fabricated equipment units; plumbing fixture supply stops; shutoff valves; faucets; convenience and lawn-watering hose connections; and HVAC te...
	B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following:
	1. Valve-Tag Size and Shape:
	a. Cold Water:  0T1-1/2 inches0T2T (38 mm)2T, round.
	b. Hot Water:  0T1-1/2 inches0T2T (38 mm)2T, round.
	c. Fire Protection:  0T2 inches0T2T (50 mm)2T, round.

	2. Valve-Tag Color:
	a. Cold Water:  Green.
	b. Hot Water:  Yellow.
	c. Fire Protection:  Red.

	3. Letter Color:
	a. Cold Water:  White.
	b. Hot Water:  White.
	c. Fire Protection:  White.



	3.6 VALVE-SCHEDULE INSTALLATION
	A. Mount valve schedule on wall in accessible location in each major equipment room.

	3.7 ADJUSTING
	A. Relocate mechanical identification materials and devices that have become visually blocked by other work.

	CLEANING
	B. Clean faces of mechanical identification devices and glass frames of valve schedules.



	15081-Duct Ins.
	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 semirigid and flexible duct, plenum, and breeching insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.
	B. Related Sections include the following:
	1. Division 7 Sections for firestopping materials and requirements for penetrations through fire and smoke barriers.
	2. Division 15 Section "Pipe Insulation" for insulation for piping systems.
	3. Division 15 Section "Metal Ducts" for duct liner.


	1.3 SUBMITTALS
	A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field applied, if any), for each type of product indicated.

	1.4 QUALITY ASSURANCE
	A. Fire-Test-Response Characteristics:  As determined by testing materials identical to those specified in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation...
	1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed rating of 50 or less.
	2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and smoke-developed rating of 150 or less.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate ASTM specification designation, type and grade, and maximum use temperature.
	B. Deliver and store all insulation with protective material until installation.  Any material left exposed to moisture and/or particulates shall be removed and replaced.
	C. Any installed insulation left temporarily incomplete shall be covered with protective material until final connections can be installed.

	1.6 COORDINATION
	A. Coordinate clearance requirements with duct Installer for insulation application.

	1.7 SCHEDULING
	A. Schedule insulation application after testing duct systems.  Insulation application may begin on segments of ducts that have satisfactory test results.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Mineral-Fiber Insulation:
	a. CertainTeed Manson.
	b. Knauf FiberGlass GmbH.
	c. Owens-Corning Fiberglas Corp.
	d. Schuller International,Inc.



	2.2 INSULATION MATERIALS
	A. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II, with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film

	2.3 Field Applied Jacket
	A. Foil and paper Jacket: Laminated, glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.

	2.4 ACCESSORIES AND ATTACHMENTS
	A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  Woven glass-fiber fabrics, plain weave, presized a minimum of 0T8 oz./sq. yd.0T2T (270 g/sq. m)2T.
	1. Tape Width:  0T4 inches0T2T (100 mm)2T.

	B. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation thickness indicated.
	1. Adhesive:  Recommended by the anchor pin manufacturer as appropriate for surface temperatures of ducts, plenums, and breechings; and to achieve a holding capacity of 0T100 lb0T2T (45 kg)2T for direct pull perpendicular to the adhered surface.


	2.5 VAPOR RETARDERS
	A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with insulation materials, jackets, and substrates.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.

	3.3 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of ducts and fittings.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each duct system.
	C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Apply multiple layers of insulation with longitudinal and end seams staggered.
	E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	F. Keep insulation materials dry during application and finishing.
	G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	H. Apply insulation with the least number of joints practical.
	I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated.
	J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation continuously through hangers and around anchor attachments.
	K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	L. Apply insulation with integral jackets as follows:
	1. Pull jacket tight and smooth.
	2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation material manufacturer to maintain vapor seal.
	3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and joints and at ends adjacent to duct flanges and fittings.

	M. Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less than 75 percent of its nominal thickness.
	N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders.
	1. Ducts with Vapor Retarders:  Overlap insulation facing at seams and seal with vapor-retarder mastic and pressure-sensitive tape having same facing as insulation.  Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-retar...
	2. Ducts without Vapor Retarders:  Overlap insulation facing at seams and secure with outward clinching staples and pressure-sensitive tape having same facing as insulation.

	O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof flashing.
	1. Seal penetrations with vapor-retarder mastic.
	2. Apply insulation for exterior applications tightly joined to interior insulation ends.
	3. Seal insulation to roof flashing with vapor-retarder mastic.

	P. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and partitions, except fire-rated walls and partitions.
	Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper sleeves for fire-rated wall and partition penetrations.
	R. Floor Penetrations:  Terminate insulation at underside of floor assembly and at floor support at top of floor.
	1. For insulation indicated to have vapor retarders, taper termination and seal insulation ends with vapor-retarder mastic.


	3.4 MINERAL-FIBER INSULATION APPLICATION
	A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with adhesive and anchor pins and speed washers.
	1. Apply adhesives according to manufacturer's recommended coverage rates per square foot, for 100 percent coverage of duct and plenum surfaces.
	2. Install anchor pins and speed washers on sides and bottom of horizontal ducts and all sides of vertical ducts as follows:
	a. On duct sides with dimensions 0T18 inches0T2T (450 mm)2T and smaller, along longitudinal centerline of duct.  Space 0T3 inches0T2T (75 mm)2T maximum from insulation end joints, and 0T16 inches0T2T (400 mm)2T o.c.
	b. On duct sides with dimensions larger than 0T18 inches0T2T (450 mm)2T.  Space 0T16 inches0T2T (400 mm)2T o.c. each way, and 0T3 inches0T2T (75 mm)2T maximum from insulation joints.  Apply additional pins and clips to hold insulation tightly against ...
	c. Anchor pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.

	3. Impale insulation over anchors and attach speed washers.
	4. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.
	5. Create a facing lap for longitudinal seams and end joints with insulation by removing 0T2 inches0T2T (50 mm)2T from one edge and one end of insulation segment.  Secure laps to adjacent insulation segment with 0T1/2-inch0T2T (13-mm)2T staples, 0T1 i...
	6. Overlap unfaced blankets a minimum of 0T2 inches0T2T (50 mm)2T on longitudinal seams and end joints.  Secure with steel band at end joints and spaced a maximum of 0T18 inches0T2T (450 mm)2T o.c.
	7. Apply insulation on rectangular duct elbows and transitions with a full insulation segment for each surface.  Apply insulation on round duct elbows with individually mitered gores cut to fit the elbow.
	8. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface with 0T6-inch-0T2T (150-mm-)2T wide strips of the same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with anc...
	9. Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation indicated to receive vapor retarder.


	3.5 DUCT SYSTEM APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.
	B. Materials and thicknesses for systems listed below are specified in schedules at the end of this Section.
	C. Insulate the following plenums and duct systems:
	1. Indoor concealed supply-, return-, and outside-air ductwork.
	2. Indoor exposed supply-, return-, and outside-air ductwork.
	3. Indoor concealed range-hood exhaust ductwork.
	4. Indoor concealed dishwasher ductwork.

	D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, materials, and equipment:
	1. Factory-insulated flexible ducts.
	2. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections.
	3. Flexible connectors.
	4. Vibration-control devices.
	5. Testing agency labels and stamps.
	6. Nameplates and data plates.
	7. Access panels and doors in air-distribution systems.


	3.6 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE
	A. Service:  Round and rectangular, supply-air ducts, concealed.
	1. Material:  Mineral-fiber blanket.
	2. Thickness:  0T3 inches0T2T (R-8 or greater)
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  Foil and paper.
	5. Vapor Retarder Required:  Yes.

	B. Service:  Round and rectangular, return-air ducts, outside air duct, concealed or exposed.
	1. Material:  Mineral-fiber blanket.
	2. Thickness:  0T2 inches0T2T (50 mm)2T.
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  Foil and Paper
	5. Vapor Retarder Required:  Yes.

	C. Service:  Round and rectangular, supply and return-air ducts, exposed and in mechanical rooms.
	1. Material:  2" liner insulation
	2. Thickness:  0T2 inches0T2T (50 mm)2T.
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  None.
	5. Vapor Retarder Required:  No

	D. Service:  Round and rectangular, exhaust air ducts, concealed & exposed and in mechanical rooms.
	1. Material:  1" Interior liner
	2. Thickness:  10T inches0T
	3. Number of Layers:  One.
	4. Field-Applied Jacket:  None.
	5. Vapor Retarder Required:  No
	6.




	15083-Pipe Insul
	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 preformed, rigid and flexible pipe insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.
	B. Related Sections include the following:
	1. Division 2 for loose-fill pipe insulation in underground piping outside the building.
	2. Division 7 for firestopping materials and requirements for penetrations through fire and smoke barriers.
	3. Division 15 Section "Duct Insulation" for insulation for ducts and plenums.
	4. Division 15 Section "Equipment Insulation" for insulation materials and application for pumps, tanks, hydronic specialties, and other equipment.
	5. Division 15 Section "Hangers and Supports" for pipe insulation shields and protection saddles.


	1.3 SUBMITTALS
	A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field applied, if any), for each type of product indicated.

	1.4 QUALITY ASSURANCE
	A. Fire-Test-Response Characteristics:  As determined by testing materials identical to those specified in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation...
	1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed rating of 50 or less.
	2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and smoke-developed rating of 150 or less.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate ASTM specification designation, type and grade, and maximum use temperature.

	1.6 COORDINATION
	A. Coordinate size and location of supports, hangers, and insulation shields specified in Division 15 Section "Hangers and Supports."
	B. Coordinate clearance requirements with piping Installer for insulation application.
	C. Coordinate installation and testing of steam or electric heat tracing.

	1.7 SCHEDULING
	A. Schedule insulation application after testing piping systems and, where required, after installing and testing heat-trace tape.  Insulation application may begin on segments of piping that have satisfactory test results.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Mineral-Fiber Insulation:
	a. CertainTeed Manson.
	b. Knauf FiberGlass GmbH.
	c. Owens-Corning Fiberglas Corp.
	d. Schuller International, Inc.

	2. Cellular-Glass Insulation:
	a. RBX Corporation; Insul-Sheet 1800 and Insul-Tube 180.

	3. Flexible Elastomeric Thermal Insulation:
	a. Armstrong World Industries, Inc.
	b. Rubatex Corp.



	2.2 INSULATION MATERIALS
	A. Mineral-Fiber Insulation:  Glass fibers bonded with a thermosetting resin complying with the following:
	1. Preformed Pipe Insulation:  Comply with ASTM C 547, Type 1, with factory-applied, all-purpose, vapor-retarder jacket.
	2. Fire-Resistant Adhesive:  Comply with MIL-A-3316C in the following classes and grades:
	a. Class 1, Grade A for bonding glass cloth and tape to unfaced glass-fiber insulation, for sealing edges of glass-fiber insulation, and for bonding lagging cloth to unfaced glass-fiber insulation.
	b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces.

	3. Vapor-Retarder Mastics:  Fire- and water-resistant, vapor-retarder mastic for indoor applications.  Comply with MIL-C-19565C, Type II.
	4. Mineral-Fiber Insulating Cements:  Comply with ASTM C 195.
	5. Expanded or Exfoliated Vermiculite Insulating Cements: Comply with ASTM C 196.
	6. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449/C 449M.

	B. Cellular-Glass Insulation: Inorganic, foamed or cellulated glass, annealed, rigid, hermetically sealed cells, incombustible.
	1. Preformed Pipe Insulation, without Jacket: Comply with ASTM C 552, Type II, Class 1.
	2. Preformed Pipe Insulation, with Jacket: Comply with ASTM C 552, Type II, Class 2.

	C. Closed-Cell Phenolic-Foam Insulation:  Preformed pipe insulation of rigid, expanded, closed-cell structure.  Comply with ASTM C 1126, Type III, Grade 1.
	D. Flexible Elastomeric Thermal Insulation used on Refrigerant Piping:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials.
	1. Adhesive:  As recommended by insulation material manufacturer.
	2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer.

	E. Prefabricated Thermal Insulating Fitting Covers:  Comply with ASTM C 450 for dimensions used in preforming insulation to cover valves, elbows, tees, and flanges.

	2.3 FIELD-APPLIED JACKETS
	A. General:  ASTM C 921, Type 1, unless otherwise indicated.
	B. Foil and Paper Jacket:  Laminated, glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.
	C. Standard PVC Fitting Covers:  Factory-fabricated fitting covers manufactured from 0T20-mil-0T2T (0.5-mm-)2T thick, high-impact, ultraviolet-resistant PVC.
	1. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories for the disabled.
	2. Adhesive:  As recommended by insulation material manufacturer.

	D. Aluminum Jacket:  Factory cut and rolled to indicated sizes.  Comply with 0TASTM B 2090T2T (ASTM B 209M)2T, 3003 alloy, H-14 temper.
	1. Finish and Thickness:  Smooth finish, 0T0.010 inch0T2T (0.25 mm)2T thick.
	2. Moisture Barrier:  0T1-mil-0T2T (0.025-mm-)2T thick, heat-bonded polyethylene and kraft paper.
	3. Elbows:  Preformed, 45- and 90-degree, short- and long-radius elbows; same material, finish, and thickness as jacket.

	E. Underground Direct-Buried Jacket:  125-mil-thick vapor barrier and waterproofing membrane consisting of a rubberized bituminous resin reinforced with a woven-glass fiber or polyester scrim and laminated aluminum foil.
	1. Products:
	a. Pittsburgh Corning Corporation; Pittwrap.
	b. Polyguard; Insulrap No Torch 125.



	2.4 ACCESSORIES AND ATTACHMENTS
	A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  Woven glass-fiber fabrics, plain weave, presized a minimum of 0T8 oz./sq. yd.0T2T (270 g/sq. m)2T.
	1. Tape Width:  0T4 inches0T2T (100 mm)2T.

	B. Bands:  0T3/4 inch0T2T (19 mm)2T wide, in one of the following materials compatible with jacket:
	1. Aluminum:  0T0.007 inch0T2T (0.18 mm)2T thick.


	2.5 VAPOR RETARDERS
	A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with insulation materials, jackets, and substrates.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry pipe and fitting surfaces.  Remove materials that will adversely affect insulation application.

	3.3 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions; with smooth, straight, and even surfaces; free of voids throughout the length of piping, including fittings, valves, and specialties.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each piping system.
	C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs.
	E. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	F. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	G. Keep insulation materials dry during application and finishing.
	H. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	I. Apply insulation with the least number of joints practical.
	J. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated.  Refer to special instructions for applying insulation over fittings, valves, and specialties.
	K. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.
	1. Apply insulation continuously through hangers and around anchor attachments.  Insulation around hanger or pipe clamp will not be acceptable.
	2. For insulation application where vapor retarders are indicated, extend insulation on anchor legs at least 0T12 inches0T2T (300 mm)2T from point of attachment to pipe and taper insulation ends.  Seal tapered ends with a compound recommended by the i...
	3. Install insert materials and apply insulation to tightly join the insert.  Seal insulation to insulation inserts with adhesive or sealing compound recommended by the insulation material manufacturer.
	4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over jacket, arranged to protect the jacket from tear or puncture by the hanger, support, and shield.

	L. Insulation Terminations:  For insulation application where vapor retarders are indicated, taper insulation ends.  Seal tapered ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	M. Apply adhesives and mastics at the manufacturer's recommended coverage rate.
	N. Apply insulation with integral jackets as follows:
	1. Pull jacket tight and smooth.
	2. Circumferential Joints:  Cover with 0T3-inch-0T2T (75-mm-)2T wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip and spaced 0T4 inches0T2T (100 mm)2T o.c.
	3. Longitudinal Seams:  Overlap jacket seams at least 0T1-1/2 inches0T2T (40 mm)2T.  Apply insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along edge...
	a. Exception:  Do not staple longitudinal laps on insulation having a vapor retarder.

	4. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and joints and at ends adjacent to flanges, unions, valves, and fittings.
	5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids with vapor-retarder mastic.

	O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof flashing.
	1. Seal penetrations with vapor-retarder mastic.
	2. Apply insulation for exterior applications tightly joined to interior insulation ends.
	3. Extend metal jacket of exterior insulation outside roof flashing at least 0T2 inches0T2T (50 mm)2T below top of roof flashing.
	4. Seal metal jacket to roof flashing with vapor-retarder mastic.

	P. Exterior Wall Penetrations:  For penetrations of below-grade exterior walls, terminate insulation flush with mechanical sleeve seal.  Seal terminations with vapor-retarder mastic.
	Q. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and floors.
	R. Fire-Rated Wall and Partition Penetrations:  Apply insulation continuously through penetrations of fire-rated walls and partitions.
	1. Firestopping and fire-resistive joint sealers are specified in Division 7 Section "Firestopping."


	3.4 MINERAL-FIBER INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands without deforming insulation materials.
	2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-retarder mastic.  Apply vapor retarder to ends of insulation at intervals of 0T15 to 20 feet0T2T (4.5 to 6 m)2T to form a vapor retarder between pipe insulation ...
	3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 0T6 inches0T2T (150 mm)2T o.c.
	4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal tabs but secure tabs with additional adhesive as recommended by the insulation material manufacturer and seal with vapor-retarder mastic.

	B. Apply insulation to flanges as follows:
	1. Apply preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with mineral-fiber blanket insulation.
	4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping seams at least 0T1 inch0T2T (25 mm)2T, and seal joints with vapor-retarder mastic.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available.  Secure according to manufacturer's written instructions.
	2. When premolded insulation elbows and fittings are not available, apply mitered sections of pipe insulation, or glass-fiber blanket insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation materials with wire, tape, or bands.
	3. Cover fittings with standard PVC fitting covers.

	D. Apply insulation to valves and specialties as follows:
	1. Apply premolded segments of cellular-glass insulation or glass-fiber blanket insulation to valve body.  Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.  For check valves, arrange insulation...
	2. Apply insulation to flanges as specified for flange insulation application.
	3. Use preformed standard PVC fitting covers for valve sizes where available.  Secure fitting covers with manufacturer's attachments and accessories.  Seal seams with tape and vapor-retarder mastic.
	4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas jacket and sealing compound recommended by the insulation material manufacturer.


	3.5 CELLULAR-GLASS INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming insulation materials.
	2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-retarder mastic.
	3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 inches o.c.
	4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal tabs but secure with additional adhesive as recommended by the insulation material manufacturer and seal with vapor-retarder mastic.

	B. Apply insulation to flanges as follows:
	1. Apply preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of cellular-glass block insulation of the same thickness as pipe insulation.
	4. Apply canvas jacket material with manufacturer’s recommended adhesive, overlapping seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available.  Secure according to manufacturers written instructions.
	2. When premolded sections of insulation are not available, apply mitered sections of cellular-glass insulation.  Secure insulation materials with wire, tape, or bands.
	3. Cover fittings with heavy PVC fitting covers.  Overlap PVC covers on pipe insulation jackets at least 1 inch (25 mm) at each end.  Secure fitting covers with manufacturer’s attachments and accessories.  Seal seams with tape and vapor-retarder mastic.

	D. Apply insulation to valves and specialties as follows:
	1. Apply premolded segments of cellular-glass insulation or glass-fiber blanket insulation to valve body.  Arrange insulation to permit access to packing and to allow vale operation without disturbing insulation.  For check valves, arrange insulation ...
	2. Apply insulation to flanges as specified for flange insulation application.
	3. Use preformed heavy PVC fitting covers for valve sizes where available.  Secure fitting covers with manufacturer’s attachments and accessories.  Seal seams with tape and vapor-retarder mastic.
	4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas jacket and sealing compound recommended by the insulation material manufacturer.


	3.6 CLOSED-CELL PHENOLIC-FOAM INSUALTION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming insulation materials.
	2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-retarder mastic.
	3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 inches o.c.
	4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal tabs but secure with additional adhesive as recommended by the insulation material manufacturer and seal with vapor-retarder mastic.

	B. Apply insulation to flanges as follows:
	1. Apply preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of block insulation of the same thickness as pipe insulation.
	4. Apply canvas jacket material with manufacturer’s recommended adhesive, overlapping seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available.  Secure according to manufacturers written instructions.
	2. When premolded sections of insulation are not available, apply mitered sections of phenolic-foam insulation.  Secure insulation materials with wire, tape, or bands.
	3. Cover fittings with heavy PVC fitting covers.  Overlap PVC covers on pipe insulation jackets at least 1 inch (25 mm) at each end.  Secure fitting covers with manufacturer’s attachments and accessories.  Seal seams with tape and vapor-retarder mastic.

	D. Apply insulation to valves and specialties as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available.  Secure according to manufacturer’s written instructions.
	2. When premolded sections of insulation are not available, apply mitered sections of phenolic-foam insulation to valve body.  Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.  For check valves...
	3. Apply insulation to flanges as specified for flange insulation application.
	4. Use preformed heavy PVC fitting covers for valve sizes where available.  Secure fitting covers with manufacturer’s attachments and accessories.  Seal seams with tape and vapor-retarder mastic.
	5. For larger sizes where PVC fitting covers are not available, seal insulation with canvas jacket and sealing compound recommended by the insulation material manufacturer.


	3.7 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Follow manufacturer's written instructions for applying insulation.
	2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

	B. Apply insulation to flanges as follows:
	1. Apply pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of sheet insulation of the same thickness as pipe insulation.
	4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply mitered sections of pipe insulation.
	2. Secure insulation materials and seal seams with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

	D. Apply insulation to valves and specialties as follows:
	1. Apply preformed valve covers manufactured of the same material as pipe insulation and attached according to the manufacturer's written instructions.
	2. Apply cut segments of pipe and sheet insulation to valve body.  Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.  For check valves, fabricate removable sections of insulation arranged to all...
	3. Apply insulation to flanges as specified for flange insulation application.
	4. Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.


	3.8 FIELD-APPLIED JACKET APPLICATION
	A. Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with factory-applied jackets.
	1. Apply jacket smooth and tight to surface with 0T2-inch0T2T (50-mm)2T overlap at seams and joints.
	2. Embed glass cloth between two 0T0.062-inch-0T2T (1.6-mm-)2T thick coats of jacket manufacturer's recommended adhesive.
	3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation.

	B. Foil and Paper Jackets:  Apply foil and paper jackets where indicated.
	1. Draw jacket material smooth and tight.
	2. Apply lap or joint strips with the same material as jacket.
	3. Secure jacket to insulation with manufacturer's recommended adhesive.
	4. Apply jackets with 0T1-1/2-inch0T2T (40-mm)2T laps at longitudinal seams and 0T3-inch-0T2T (75-mm-)2T wide joint strips at end joints.
	5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-retarder mastic.

	C. Apply metal jacket where indicated, with 0T2-inch0T2T (50-mm)2T overlap at longitudinal seams and end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof sealant recommended by insulation manufacturer.  Se...

	3.9 PIPING SYSTEM APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.
	B. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, materials, and equipment:
	1. Flexible connectors.
	2. Fire-suppression piping.
	3. Drainage piping located in crawl spaces, unless otherwise indicated.
	4. Below-grade piping, unless otherwise indicated.
	5. Chrome-plated pipes and fittings, unless potential for personnel injury.
	6. Air chambers, unions, strainers, check valves, plug valves, and flow regulators.


	3.10 INTERIOR INSULATION APPLICATION SCHEDULE
	A. Service:  Domestic hot and recirculated hot water.
	1. Operating Temperature:  0T60 to 140 deg F0T2T (15 to 60 deg C)2T.
	2. Insulation Material:  Mineral fiber
	3. Insulation Thickness:  1” thick
	4. Field-Applied Jacket:  Foil and Paper(ASJ)
	5. Vapor Retarder Required:  No
	6. Finish:  None.

	B. Service:  Condensate and equipment drain piping.
	1. Operating Temperature:  0T40 to 60 deg F0T
	2. Insulation Material:  Flexible elastomeric, only on first ten feet of pipe from trap.
	3. Insulation Thickness:  3/4”
	4. Field-Applied Jacket:  None.
	5. Vapor Retarder Required:  No.
	6. Finish:  Two coats of the insulation manufacturer’s recommended protective coating.

	C. Service:  Refrigerant suction and hot-gas piping.
	1. Operating Temperature:  0T35 to 50 deg F0T
	2. Insulation Material:  Flexible elastomeric.
	3. Insulation Thickness:  1” thick.
	4. Field-Applied Jacket:  Aluminum Jacket on building exterior application only.
	5. Vapor Retarder Required:  Yes.
	6. Finish:  None.

	D. Service:  Domestic water piping.
	1. Operating Temperature:  0T60 to 80 deg F0T
	2. Insulation Material:  Mineral Fiber
	3. Insulation Thickness:  1” thick.
	4. Field-Applied Jacket:  Foil and Paper(ASJ)
	5. Vapor Retarder Required:  Yes.
	6. Finish:  None.

	E. Service:  For obtaining fire/smoke rating in return air plenum (calbes, PE, PB, PP, ABS, PVC, CPVC, etc).
	1. Operating Temperature:  0T35 to 90 deg F0T
	2. Insulation Material:  3M Fire Barrier Plenum Wrap 5 A or equal.
	3. Insulation Thickness:  larger of 1” or mfr’s recommendations.
	4. Field-Applied Jacket:  scrim reinforced foil
	5. Vapor Retarder Required:  None.
	6. Finish:  None.


	3.11 EXTERIOR INSULATION APPLICATION SCHEDULE
	A. Service:  Domestic water.
	1. Operating Temperature:  0T60 to 140 deg F0T2T (15 to 60 deg C)2T.
	2. Insulation Material:  Mineral fiber.
	3. Insulation Thickness:  Apply the following insulation thicknesses:  1”
	4. Field-Applied Jacket:  Aluminum.
	5. Vapor Retarder Required:  Yes.
	6. Finish:  None.

	B. Service:  Refrigerant suction.
	1. Operating Temperature:  0T35 to 50 deg F0T2T (2 to 10 deg C)2T.
	2. Insulation Material:  Flexible elastomeric.
	3. Insulation Thickness:  Apply the following insulation thicknesses:  ½”
	4. Field-Applied Jacket:  Aluminum
	5. Vapor Retarder Required:  Yes.
	6. Finish:  None.

	END OF SECTION



	15110-Valves
	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 following general-duty valves:
	1. Copper-alloy ball valves.
	2. Bronze check valves.
	3. Bronze gate valves.
	4. Cast-iron gate valves.

	B. Related Sections include the following:
	1. Division 2 piping Sections for general-duty and specialty valves for site construction piping.
	2. Division 13 fire-suppression piping and fire pump Sections for fire-protection valves.
	3. Division 15 Section "Mechanical Identification" for valve tags and charts.
	4. Division 15 piping Sections for specialty valves applicable to those Sections only.


	1.3 DEFINITIONS
	A. The following are standard abbreviations for valves:
	1. CWP:  Cold working pressure.
	2. EPDM:  Ethylene-propylene-diene terpolymer rubber.
	3. NBR:  Acrylonitrile-butadiene rubber.
	4. PTFE:  Polytetrafluoroethylene plastic.
	5. SWP:  Steam working pressure.
	6. TFE:  Tetrafluoroethylene plastic.


	1.4 SUBMITTALS
	A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; valve design; pressure and temperature classifications; end connections; arrangement; dimensions; and required clearances.  Include list indicating valve a...

	1.5 QUALITY ASSURANCE
	A. ASME Compliance:  ASME B31.9 for building services piping valves.
	1. Exceptions:  , sanitary waste, and storm drainage piping valves unless referenced.

	B. ASME Compliance for Ferrous Valves:  ASME B16.10 and ASME B16.34 for dimension and design criteria.
	C. NSF Compliance:  NSF 61 for valve materials for potable-water service.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, grooves, and weld ends.
	3. Set angle, gate, and globe valves closed to prevent rattling.
	4. Set ball and plug valves open to minimize exposure of functional surfaces.
	5. Set butterfly valves closed or slightly open.
	6. Block check valves in either closed or open position.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher than ambient dew-point temperature.  If outdoor storage is necessary, store valves off the ground in watertight enclosures.

	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Grinnell Corporation.
	c. Hammond Valve.
	d. Milwaukee Valve Company.
	e. NIBCO INC.
	f. Red-White Valve Corp.
	g. Watts Industries, Inc.; Water Products Div.



	2.2 VALVES, GENERAL
	A. Refer to Part 3 "Valve Applications" Article for applications of valves.
	B. Bronze Valves:  0TNPS 20T2T (DN 50)2T and smaller with threaded ends, unless otherwise indicated.
	C. Ferrous Valves:  0TNPS 2-1/20T2T (DN 65)2T and larger with flanged ends, unless otherwise indicated.
	D. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	E. Valve Sizes:  Same as upstream pipe, unless otherwise indicated.
	F. Valve Actuators:
	1. Handwheel:  For valves other than quarter-turn types.
	2. Lever Handle:  For quarter-turn valves 0TNPS 60T2T (DN 150)2T and smaller, except plug valves.

	G. Extended Valve Stems:  On insulated valves.
	H. Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and ASME B16.24 for bronze valves.
	I. Valve Grooved Ends:  AWWA C606.
	1. Solder Joint:  With sockets according to ASME B16.18.
	a. Caution:  Use solder with melting point below 0T840 deg F0T2T (454 deg C)2T for angle, check, gate, and globe valves; below 0T421 deg F0T2T (216 deg C)2T for ball valves.

	2. Threaded:  With threads according to ASME B1.20.1.

	J. Valve Bypass and Drain Connections:  MSS SP-45.

	2.3 COPPER-ALLOY BALL VALVES
	A. Copper-Alloy Ball Valves, General:  MSS SP-110.
	B. One-Piece, Copper-Alloy Ball Valves:  Brass or bronze body with chrome-plated bronze ball, PTFE or TFE seats, and 0T400-psig0T2T (2760-kPa)2T minimum] [0T600-psig0T2T (4140-kPa)2T] CWP rating.
	C. Two-Piece, Copper-Alloy Ball Valves:  Brass or bronze body with full-port, chrome-plated bronze ball; PTFE seats; and 0T600-psig0T2T (4140-kPa)2T minimum CWP rating and blowout-proof stem.

	2.4 BRONZE CHECK VALVES
	A. Bronze Check Valves, General:  MSS SP-80.
	B. Type 1, Class 150, Bronze, Horizontal Lift Check Valves:  Bronze body with bronze disc and seat.
	C. Type 1, Class 150, Bronze, Vertical Lift Check Valves:  Bronze body with bronze disc and seat.

	2.5 BRONZE GATE VALVES
	A. Bronze Gate Valves, General:  MSS SP-80, with ferrous-alloy handwheel.
	B. Type 1, Class 125, Bronze Gate Valves:  Bronze body with nonrising stem and bronze solid wedge and union-ring bonnet.

	2.6 CAST-IRON GATE VALVES
	A. Cast-Iron Gate Valves, General:  MSS SP-70, Type I.
	B. Class 125, NRS, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, nonrising stem, and solid-wedge disc.
	C. Class 125, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, rising stem, and solid-wedge disc.

	2.7 CAST-IRON PLUG VALVES
	A. Cast-Iron Plug Valves, General:  MSS SP-78.
	B. Class 125 or 150, lubricated-type, cast-iron plug valves.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine piping system for compliance with requirements for installation tolerances and other conditions affecting performance.
	1. Proceed with installation only after unsatisfactory conditions have been corrected.

	B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	C. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible by such operations.
	D. Examine threads on valve and mating pipe for form and cleanliness.
	E. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper size, length, and material.  Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defect...
	F. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE APPLICATIONS
	A. Refer to piping Sections for specific valve applications.  If valve applications are not indicated, use the following:
	1. Shutoff Service:  Ball, butterfly, gate, or plug valves.
	2. Throttling Service:  Ball, butterfly, or globe valves.
	3. Pump Discharge:  Swing check, lift-disc check valves.

	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP class or CWP ratings may be substituted.
	C. Chilled-Water Piping:  Use the following types of valves:
	1. Ball Valves, 0TNPS 20T2T (DN 50)2T and Smaller:  Two-piece, 0T400-psig0T2T (2760-kPa)2T CWP rating, copper alloy.
	2. Butterfly Valves, 0TNPS 2-1/20T2T (DN 65)2T and Larger:  Flanged, [0T150-psig0T2T (1035-kPa)2T] [0T175-psig0T2T (1207-kPa)2T] CWP rating, ferrous alloy, with EPDM liner.
	3. Grooved-End, Ductile-Iron Butterfly Valves, 0TNPS 2-1/20T2T (DN 65)2T and Larger:  0T175-psig0T2T (1207-kPa)2T CWP rating.

	D. Domestic Water Piping:  Use the following types of valves:
	1. Ball Valves, 0TNPS 20T2T (DN 50)2T and Smaller:  Two-piece, [0T400-psig0T2T (2760-kPa)2T]CWP rating, copper alloy.
	2. Ball Valves, 0TNPS 2-1/20T2T (DN 65)2T and Larger:  Class  150, ferrous alloy.
	3. Swing Check Valves, 0TNPS 20T2T (DN 50)2T and Smaller:  Type 4, Class  [125] [150], bronze.
	4. Swing Check Valves, 0TNPS 2-1/20T2T (DN 65)2T and Larger:  Type II, Class  125, gray iron.
	5. Gate Valves, 0TNPS 20T2T (DN 50)2T and Smaller:  Type  [1] [2], Class  150] , bronze.
	6. Gate Valves, 0TNPS 2-1/20T2T (DN 65)2T and Larger:  Type I, Class  125, bronze-mounted cast iron.



	CONTROL VALVES
	3.3 VALVE INSTALLATION
	A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	C. Locate valves for easy access and provide separate support where necessary.
	D. Install valves in horizontal piping with stem at or above center of pipe.
	E. Install valves in position to allow full stem movement.

	3.4 JOINT CONSTRUCTION
	A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint construction.
	B. Grooved Joints:  Assemble joints with keyed coupling housing, gasket, lubricant, and bolts according to coupling and fitting manufacturer's written instructions.
	C. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated.



	15140 - Domestic Water
	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 domestic water piping from locations indicated to fixtures and equipment inside the building.
	B. Related Sections include the following:
	1. Division 15 Section "Plumbing Specialties" for water distribution piping specialties.
	C. PVC: Polyvinyl chloride plastic.


	1.3 PERFORMANCE REQUIREMENTS
	A. Provide components and installation capable of producing domestic water piping systems with the following minimum working-pressure ratings, unless otherwise indicated:
	1. Domestic Water Distribution Piping:  0T125 psig0T2T (860 kPa)2T.


	1.4 SUBMITTALS
	A. Product Data:  For pipe, tube, fittings, and couplings.
	B. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.

	1.5 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic, potable domestic water piping and components.
	C. Comply with NSF 61, "Drinking Water System Components-Health Effects; Sections 1 through 9," for potable domestic water piping and components.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining materials.
	B. Transition Couplings for Aboveground Pressure Piping:  Coupling or other manufactured fitting the same size as, with pressure rating at least equal to and ends compatible with, piping to be joined.
	C. Transition Couplings for Underground Pressure Piping:  AWWA C219, metal, sleeve-type coupling or other manufactured fitting the same size as, with pressure rating at least equal to and ends compatible with, piping to be joined.

	2.2 COPPER TUBING
	A. Hard Copper Tube:  0TASTM B 88, Types K and L,0T water tube, drawn tempered.
	1. Copper Pressure Fittings:  ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-copper, solder-joint fittings.  Furnish wrought-copper fittings if indicated.
	2. Bronze Flanges:  ASME B16.24, Class 150, with solder-joint end.  Furnish Class 300 flanges if required to match piping.
	3. Copper Unions:  MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball-and-socket, metal-to-metal seating surfaces and solder-joint or threaded ends.
	4. Copper, Grooved-End Fittings:  0TASTM B 750T2T (ASTM B 75M)2T copper tube or ASTM B 584 bronze castings.
	a. Copper-Tubing, Keyed Couplings:  Copper-tube dimensions and design similar to AWWA C606.  Include ferrous housing sections, gasket suitable for hot water, and bolts and nuts.



	2.4          VALVES
	A. Refer to Division 15 Section "Valves" for bronze and cast-iron, general-duty valves.
	B. Refer to Division 15 Section "Plumbing Specialties" for balancing and drain valves.


	PART 3 -  EXECUTION
	3.1 EXCAVATION
	A. Refer to Division 2 for excavating, trenching, and backfilling.

	3.2 PIPING APPLICATIONS
	A. Transition and special fittings with pressure ratings at least equal to piping rating may be used in applications below, unless otherwise indicated.
	B. Flanges may be used on aboveground piping, unless otherwise indicated.
	C. Grooved joints may be used on aboveground grooved-end piping.
	D. Fitting Option:  Mechanically formed tee-branch outlets and brazed joints may be used on aboveground copper tubing.
	E. Aboveground Domestic Water Piping:  Use  the following piping materials for each size range:
	1. 0TNPS 40T2T (DN 40)2T and Smaller:  Hard copper tube, 0TType L0T; copper pressure fittings; and soldered joints.

	F. Underground Domestic Water Piping 0TNPS 40T2T (DN 100)2T and Smaller:  Hard copper tube, 0TType K0T; copper pressure fittings; and soldered joints. Water service larger than NPS 4 shall be PVC.

	3.3 VALVE APPLICATIONS
	A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the following requirements apply:
	1. Shutoff Duty:  Use bronze ball or gate valves for piping 0TNPS 20T2T (DN 50)2T and smaller.  Use cast-iron butterfly or gate valves with flanged ends for piping 0TNPS 2-1/20T2T (DN 65)2T and larger.
	2. Throttling Duty:  Use bronze ball or globe valves for piping 0TNPS 20T2T (DN 50)2T and smaller.  Use cast-iron butterfly valves with flanged ends for piping 0TNPS 2-1/20T2T (DN 65)2T and larger.
	3. Hot-Water-Piping, Balancing Duty:  Calibrated balancing valves.
	4. Drain Duty:  Hose-end drain valves.

	B. Cast-iron, grooved-end valves may be used with grooved-end piping.

	3.4 PIPING INSTALLATION
	A. Refer to Division 2 for site water distribution and service piping.
	B. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping installation.
	C. Extend domestic water service piping to exterior water distribution piping in sizes and locations indicated.
	D. Install underground copper tubing according to CDA's "Copper Tube Handbook."
	E. Install underground PVC piping according to ASTM D 2774 and ASTM F 645.  Install buried piping inside building between wall and floor penetrations and connection to water service piping outside building with restrained joints.  Anchor pipe to wall ...
	F. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe penetration through foundation wall.  Select number of interlocking rubber links required to make installation watertight.  Refer to Division 15 Section "Basic...
	G. Install wall penetration system at each service pipe penetration through foundation wall.  Make installation watertight.  Refer to Division 15 Section "Basic Mechanical Materials and Methods" for wall penetration systems.
	H. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve, inside building at each domestic water service.  Refer to Division 15 Section "Meters and Gages" for pressure gages, and to Division 15 Section "Plumbing...
	I. Install water-pressure regulators downstream from shutoff valves.  Refer to Division 15 Section "Plumbing Specialties" for water-pressure regulators.
	J. Fill water piping.  Check components to determine that they are not air bound and that piping is full of water.
	K. Perform the following steps before operation:
	1. Close drain valves, hydrants, and hose bibbs.
	2. Open shutoff valves to fully open position.
	3. Open throttling valves to proper setting.
	4. Remove plugs used during testing of piping and plugs used for temporary sealing of piping during installation.

	L. Check plumbing equipment and verify proper settings, adjustments, and operation.  Do not operate water heaters before filling with water.

	3.5 JOINT CONSTRUCTION
	A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint construction.
	B. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated.
	C. Grooved Joints:  Assemble joints with keyed-coupling housing, gasket, lubricant, and bolts according to coupling and fitting manufacturer's written instructions.
	D. Mechanically Formed Outlets:  Form tee in copper tube according to equipment manufacturer's written instructions.  Use tool designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form seating stop, and braze branch tube ...

	3.6 VALVE INSTALLATION
	A. Install shutoff valve on each water supply to equipment and on each water supply to plumbing fixtures without supply stops.  Use ball or gate valves for piping 0TNPS 20T2T (DN 50)2T and smaller.  Use butterfly or gate valves for piping 0TNPS 2-1/20...
	B. Install calibrated balancing valves in each hot-water circulation return branch and discharge side of each pump and circulator.  Set calibrated balancing valves partly open to restrict but not stop flow.  Refer to Division 15 Section "Plumbing Spec...

	3.7 HANGER AND SUPPORT INSTALLATION
	A. Refer to Division 15 Section "Hangers and Supports" for pipe hanger and support devices.  Install the following:
	1. Vertical Piping:  MSS Type 8 or Type 42, clamps.
	2. Individual, Straight, Horizontal Piping Runs:  According to the following:
	a. 0T100 Feet0T2T (30 m)2T and Less:  MSS Type 1, adjustable, steel clevis hangers.
	b. Longer Than 0T100 Feet0T2T (30 m)2T:  MSS Type 43, adjustable roller hangers.
	c. Longer Than 0T100 Feet0T2T (30 m)2T, if Indicated:  MSS Type 49, spring cushion rolls.

	3. Multiple, Straight, Horizontal Piping Runs 0T100 Feet0T2T (30 m)2T or Longer:  MSS Type 44, pipe rolls.  Support pipe rolls on trapeze.
	4. Base of Vertical Piping:  MSS Type 52, spring hangers.

	B. Install supports according to Division 15 Section "Hangers and Supports."
	C. Support vertical piping and tubing at base and at each floor.
	D. Rod diameter may be reduced 1 size for double-rod hangers, to a minimum of 0T3/8 inch0T2T (10 mm)2T.
	E. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	1. NPS 3/4 (DN 20) and Smaller:  60 inches (1500 mm) with 3/8-inch (10-mm) rod
	2. NPS 1 and NPS-1-1/4 (DN 25 and DN 32): 72 inches (1800 mm) with 3/8-inch (10mm) Rod.
	3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 96 inches (2400 mm) with 3/8-inch (10mm) rod.
	4. NPS 2-1/2 (DN 65):  108 inches (2700 mm) with 1/2-inch (13 mm) rod.
	5. NPS 3 to NPS 5 (DN 80 to DN 125):  10 feet (3 m) with 1/2-inch (13 mm) rod.
	6. NPS 6 (DN 150):  10 feet (3 m) with 5/8-inch (16-mm) rod.
	7. NPS 8 (DN 200):  10 feet (3 m) with 3/4-inch (19-mm) rod.
	G. Install supports for vertical copper tubing every 10 feet (3m).

	3.8 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment and machines to allow service and maintenance.
	C. Connect domestic water piping to exterior water service piping.  Use transition fitting to join dissimilar piping materials.
	D. Connect domestic water piping to service piping with shutoff valve, and extend and connect to the following:
	1. Water Heaters:  Cold-water supply and hot-water outlet piping in sizes indicated, but not smaller than sizes of water heater connections.
	2. Plumbing Fixtures:  Cold- and hot-water supply piping in sizes indicated, but not smaller than required by plumbing code.  Refer to Division 15 Section "Plumbing Fixtures."
	3. Equipment:  Cold- and hot-water supply piping as indicated, but not smaller than equipment connections.  Provide shutoff valve and union for each connection.  Use flanges instead of unions for 0TNPS 2-1/20T2T (DN 65)2T and larger.


	3.9 FIELD QUALITY CONTROL
	A. Inspect domestic water piping as follows:
	1. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.
	2. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made.  Perform tests specified below in presence of authorities having jurisdiction:
	a. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in after roughing-in and before setting fixtures.
	b. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to observe tests specified below and to ensure compliance with requirements.

	3. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections and arrange for reinspection.
	4. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction.

	B. Test domestic water piping as follows:
	1. Test for leaks and defects in new piping and parts of existing piping that have been altered, extended, or repaired.  If testing is performed in segments, submit separate report for each test, complete with diagram of portion of piping tested.
	2. Leave uncovered and unconcealed new, altered, extended, or replaced domestic water piping until it has been tested and approved.  Expose work that was covered or concealed before it was tested.
	3. Cap and subject piping to static water pressure of 0T50 psig0T2T (345 kPa)2T above operating pressure, without exceeding pressure rating of piping system materials.  Isolate test source and allow to stand for four hours.  Leaks and loss in test pre...
	4. Repair leaks and defects with new materials and retest piping or portion thereof until satisfactory results are obtained.
	5. Prepare reports for tests and required corrective action.


	3.10 ADJUSTING
	A. Adjust balancing valves in hot-water-circulation return piping to provide adequate flow.
	1. Manually adjust ball-type balancing valves in hot-water-circulation return piping to provide flow of hot water in each branch.
	2. Adjust calibrated balancing valves to flows indicated.


	3.11 CLEANING
	A. Clean and disinfect potable domestic water piping as follows:
	1. Purge new piping and parts of existing domestic water piping that have been altered, extended, or repaired before using.
	2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction or, if methods are not prescribed, procedures described in either AWWA C651 or AWWA C652 or as described below:
	a. Flush piping system with clean, potable water until dirty water does not appear at outlets.
	b. Fill and isolate system according to either of the following:
	1) Fill system or part thereof with water/chlorine solution with at least 0T50 ppm0T2T (50 mg/L)2T of chlorine.  Isolate with valves and allow to stand for 24 hours.
	2) Fill system or part thereof with water/chlorine solution with at least 0T200 ppm0T2T (200 mg/L)2T of chlorine.  Isolate and allow to stand for three hours.

	c. Flush system with clean, potable water until no chlorine is in water coming from system after the standing time.
	d. Submit water samples in sterile bottles to authorities having jurisdiction.  Repeat procedures if biological examination shows contamination.


	B. Prepare and submit reports of purging and disinfecting activities.
	C. Clean interior of domestic water piping system.  Remove dirt and debris as work progresses.



	15150-Sanitary Waste
	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 soil and waste, sanitary drainage and vent piping inside the building and to locations indicated.
	B. Related Sections include the following:
	1. Division 15 Section "Plumbing Specialties" for soil, waste, and vent piping systems specialties.


	1.3 DEFINITIONS
	A. The following are industry abbreviations for plastic piping materials:
	1. PVC:  Polyvinyl chloride plastic.


	1.4 PERFORMANCE REQUIREMENTS
	A. Provide components and installation capable of producing piping systems with the following minimum working-pressure ratings, unless otherwise indicated:
	1. Soil, Waste, and Vent Piping:  0T10-foot head of water0T2T (30 kPa)2T.


	1.5 SUBMITTALS
	A. Product Data:  For pipe, tube, fittings, and couplings.
	B. Shop Drawings:  For sovent drainage system, include plans, elevations, sections, and details.
	C. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.

	1.6 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining materials.
	B. Flexible Transition Couplings for Underground Nonpressure Piping:  ASTM C 1173 with elastomeric sleeve.  Include ends of same sizes as piping to be joined and include corrosion-resistant metal band on each end.

	2.2 PVC PIPING
	A. PVC Pipe:  ASTM D 2665, solid-wall drain, waste, and vent.
	1. PVC Socket Fittings:  ASTM D 2665, socket type, made to ASTM D 3311, drain, waste, and vent patterns.

	B. PVC Special Fittings:  ASTM F 409, drainage-pattern tube and tubular fittings with ends as required for application.


	PART 3 -  EXECUTION
	3.1 EXCAVATION
	A. Refer to Division 2 Section "Earthwork" for excavating, trenching, and backfilling.

	3.2 PIPING APPLICATIONS
	A. Transition and special fittings with pressure ratings at least equal to piping pressure ratings may be used in applications below, unless otherwise indicated.
	B. Flanges may be used on aboveground pressure piping, unless otherwise indicated.
	C. Aboveground, Soil, Waste, and Vent Piping:  Use  the following piping materials for each size range:
	1. 0TNPS 1-1/4 and NPS 1-1/20T2T (DN 32 and DN 40)2T:  PVC pipe, PVC socket fittings, and solvent-cemented joints.
	2. 0TNPS 2 to NPS 40T2T (DN 50 to DN 100)2T:  PVC pipe, PVC socket fittings, and solvent-cemented joints.
	3. 0TNPS 5 and NPS 60T2T (DN 125 and DN 150)2T:  Use 0TNPS 60T2T (DN 150)2T PVC pipe, PVC socket fittings, and solvent-cemented joints.

	D. Underground, Soil, Waste, and Vent Piping:  Use the following piping materials for each size range:
	1. 0TNPS 2 to NPS 40T2T (DN 50 to DN 100)2T:  PVC pipe, PVC socket fittings, and solvent-cemented joints.
	2. 0TNPS 5 and NPS 60T2T (DN 125 and DN 150)2T:  PVC pipe, PVC socket fittings, and solvent-cemented joints.


	3.3 PIPING INSTALLATION
	A. Refer to Division 2 Section "Sanitary Sewerage" for Project-site sanitary sewer piping.
	B. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping installation.
	C. Install cleanouts at grade and extend to where building sanitary drains connect to building sanitary sewers.
	D. Install cleanout fitting with closure plug inside the building in sanitary force-main piping.
	1. Encase piping with PE film according to ASTM A 674 or AWWA C105.

	E. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe penetration through foundation wall.  Select number of interlocking rubber links required to make installation watertight.  Refer to Division 15 Section "Basic...
	F. Make changes in direction for soil and waste drainage and vent piping using appropriate branches, bends, and long-sweep bends.  Sanitary tees and short-sweep ¼ bends may be used on vertical stacks if change in direction of flow is from horizontal t...
	G. Lay buried building drainage piping beginning at low point of each system.  Install true to grades and alignment indicated, with unbroken continuity of invert.  Place hub ends of piping upstream.  Install required gaskets according to manufacturer'...
	H. Re-verify building drainage piping slope before covering pipe in trench if left uncovered over a 24 hour period of subjected to exterior water.  If slope of piping has changed, provide new shoring material to maintain original slope after trench ha...
	I. Install soil and waste drainage and vent piping at the code required minimum slopes, unless otherwise indicated:
	J. Install engineered soil and waste drainage and vent piping systems in locations indicated and as follows:
	1. Combination Waste and Vent:  Comply with standards of authorities having jurisdiction.
	2. Cast-Iron, Sovent, Single Stack:  Comply with ASSE 1043 and sovent fitting manufacturer's written installation instructions.
	3. Reduced-Size Venting:  Comply with standards of authorities having jurisdiction.

	K. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-grade if slab is without membrane waterproofing.
	L. Install PVC soil and waste drainage and vent piping according to ASTM D 2665.
	M. Install underground PVC soil and waste drainage piping according to ASTM D 2321.
	N. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.

	3.4 JOINT CONSTRUCTION
	A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping joint construction.
	B. PVC Nonpressure Piping Joints:  Join piping according to ASTM D 2665.

	3.5 HANGER AND SUPPORT INSTALLATION
	A. Refer to Division 15 Section "Hangers and Supports" for pipe hanger and support devices.  Install the following:
	1. Vertical Piping:  MSS Type 8 or Type 42, clamps.
	2. Individual, Straight, Horizontal Piping Runs:  According to the following:
	a. 0T100 Feet0T2T (30 m)2T and Less:  MSS Type 1, adjustable, steel clevis hangers.
	b. Longer Than 0T100 Feet0T2T (30 m)2T:  MSS Type 43, adjustable roller hangers.
	c. Longer Than 0T100 Feet0T2T (30 m)2T, if Indicated:  MSS Type 49, spring cushion rolls.

	3. Multiple, Straight, Horizontal Piping Runs 0T100 Feet0T2T (30 m)2T or Longer:  MSS Type 44, pipe rolls.  Support pipe rolls on trapeze.
	4. Base of Vertical Piping:  MSS Type 52, spring hangers.

	B. Install supports according to Division 15 Section "Hangers and Supports."
	C. Support vertical piping and tubing at base and at each floor.
	D. Rod diameter may be reduced 1 size for double-rod hangers, with 0T3/8-inch0T2T (10-mm)2T minimum rods.
	J. Install hangers for PVC piping with the following maximum horizontal spacing and minimum rod diameters:
	1.  NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 48 inches (1200 mm) with 3/8-inch (10-mm) rod.
	2.  NPS 3 (DN 80):    48 inches (1200 mm) with ½-inch (13-mm) rod.
	3.  NPS 4 and NPS 5 (DN 100 and DN 125):  48 inches (1200 mm) with 5/8-inch (16-mm) rod.
	4.  NPS 6 (DN 150):  48 inches (1200 mm) with ¾-inch (19-mm) rod.
	5.  NPS 8 to NPS 12 (DN 200 to DN 300): (1200 mm) with 7/8-inch (22-mm) rod.
	K. Install supports for vertical PVC piping every 48 inches (1200 mm).
	L. Support piping and tubing not listed above according to MSS SP-69 and manufacturer’s written instructions.

	3.6 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect soil and waste piping to exterior sanitary sewerage piping.  Use transition fitting to join dissimilar piping materials.
	C. Connect drainage and vent piping to the following:
	1. Plumbing Fixtures:  Connect drainage piping in sizes indicated, but not smaller than required by plumbing code.  Refer to Division 15 Section "Plumbing Fixtures."
	2. Plumbing Fixtures and Equipment:  Connect atmospheric vent piping in sizes indicated, but not smaller than required by authorities having jurisdiction.
	3. Plumbing Specialties:  Connect drainage and vent piping in sizes indicated, but not smaller than required by plumbing code.  Refer to Division 15 Section "Plumbing Specialties."
	4. Equipment:  Connect drainage piping as indicated.  Provide shutoff valve, if indicated, and union for each connection.  Use flanges instead of unions for connections 0TNPS 2-1/20T2T (DN 65)2T and larger.


	3.7 FIELD QUALITY CONTROL
	A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made.  Perform tests specified below in presence of authorities having jurisdiction.
	1. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in after roughing-in and before setting fixtures.
	2. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to observe tests specified below and to ensure compliance with requirements.

	B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections and arrange for reinspection.
	C. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction.
	D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction or, in absence of published procedures, as follows:
	1. Test for leaks and defects in new piping and parts of existing piping that have been altered, extended, or repaired.  If testing is performed in segments, submit separate report for each test, complete with diagram of portion of piping tested.
	2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage and vent piping until it has been tested and approved.  Expose work that was covered or concealed before it was tested.
	3. Roughing-in Plumbing Test Procedure:  Test drainage and vent piping, except outside leaders, on completion of roughing-in.  Close openings in piping system and fill with water to point of overflow, but not less than 0T10-foot head of water0T2T (30 ...
	4. Finished Plumbing Test Procedure:  After plumbing fixtures have been set and traps filled with water, test connections and prove they are gastight and watertight.  Plug vent-stack openings on roof and building drains where they leave building.  Int...
	5. Repair leaks and defects with new materials and retest piping, or portion thereof, until satisfactory results are obtained.
	6. Prepare reports for tests and required corrective action.


	3.8 CLEANING
	A. Clean interior of piping.  Remove dirt and debris as work progresses.
	B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	C. Place plugs in ends of uncompleted piping at end of day and when work stops.



	15190 - SYSTEM_IDENTIFICATION_AND_PIPE_MARKING
	15410-Plumb. Fixt
	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 plumbing fixtures and related components.
	B. Related Sections include the following:
	1. Division 15 Section "Drinking Fountains and Water Coolers."
	2. Division 15 Section "Plumbing Specialties" for backflow preventers and specialty fixtures not in this Section.


	1.3 DEFINITIONS
	A. Accessible Fixture:  Plumbing fixture that can be approached, entered, and used by people with disabilities.
	B. Fitting:  Device that controls flow of water into or out of plumbing fixture.  Fittings specified in this Section include supplies and stops, faucets and spouts, shower heads and tub spouts, drains and tailpieces, and traps and waste pipes.  Piping...

	1.4 SUBMITTALS
	A. Product Data:  Include selected fixture and trim, fittings, accessories, appliances, appurtenances, equipment, and supports and indicate materials and finishes, dimensions, construction details, and flow-control rates for each type of fixture indic...

	1.5 QUALITY ASSURANCE
	A. Source Limitations:  Obtain plumbing fixtures, faucets, and other components of each category through one source from a single manufacturer.
	1. Exception:  If fixtures, faucets, or other components are not available from a single manufacturer, obtain similar products from other manufacturers specified for that category.

	B. Regulatory Requirements:  Comply with requirements in U.S. Architectural & Transportation Barriers Compliance Board's "Uniform Federal Accessibility Standards (UFAS), 1985-494-187" about plumbing fixtures for people with disabilities.
	C. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy Policy Act," about water flow and consumption rates for plumbing fixtures.
	D. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for fixture materials that will be in contact with potable water.
	E. TAS:  Texas Accessibility Standards.

	1.6 COORDINATION
	A. Coordinate roughing-in and final plumbing fixture locations, and verify that fixtures can be installed to comply with original design and referenced standards.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. For fixture descriptions in other Part 2 articles where the subparagraph titles  "Products," and "Manufacturers" introduce a list of manufacturers and their products or manufacturers only, the following requirements apply for product selection:
	1. Products:  Subject to compliance with requirements, provide one of the products specified in other Part 2 articles.


	2.2 LAVATORY FAUCETS
	A. Lavatory Faucet:  Include hot- and cold-water indicators; coordinate faucet inlets with supplies and fixture holes and outlet with spout and fixture receptor.
	1. Products:
	a. American Standard.
	b. Eljer.
	c. Kohler.



	2.3 SHOWER FAUCETS
	A. Shower Faucet:  Include hot- and cold-water indicators; tub spout; and shower head, arm, and flange.  Coordinate faucet inlets with supplies and outlet with diverter valve.
	1. Manufacturers:
	a. American Standard.
	b. Eljber.
	c. Kohler.



	2.4 SINK FAUCETS
	A. Sink Faucet:  Include hot- and cold-water indicators; coordinate faucet inlets with supplies and fixture holes and outlet with spout and fixture receptor.
	1. Manufacturers:
	a. American Standard.
	b. Eljer
	c. Kohler.



	2.5 TOILET SEATS
	A. Toilet Seat:  Solid plastic.
	1. Manufacturers:
	a. Bemis.
	b. Beneke.
	c. Centoco.
	d. Church.



	2.6 PROTECTIVE SHIELDING GUARDS
	A. Protective Shielding Guard, Manufactured, plastic enclosure for covering for hot- and cold-water supplies and trap and drain piping and complying with ADA requirements.
	1. Manufacturers:
	a. Engineered Brass Co.
	b. Plumerex
	c. Truebro.



	2.7 FIXTURE SUPPORTS
	A. Water-Closet Support:  Water-closet combination carrier designed for accessible and standard mounting heights.  Include single or double, vertical or horizontal, hub-and-spigot or hubless waste fitting as required for piping arrangement; faceplates...
	1. Manufacturers:
	a. Mifab
	b. Josam.
	c. Wade.
	d. Zurn


	B. Urinal Support:  Type I, urinal carrier with fixture support plates and coupling with seal and fixture bolts and hardware matching fixture.  Include steel uprights with feet.
	1. Manufacturers:
	a. Josam.
	b. J.R. Smith
	c. Zurn.

	2. Accessible Fixture Support:  Include rectangular steel uprights.

	C. Lavatory Support:  Type II, lavatory carrier with concealed arms and tie rod.  Include steel uprights with feet.
	1. Manufacturers:
	a. Josam.
	b. J.R. Smith
	c. Zurn.

	2. Accessible Fixture Support:  Include rectangular steel uprights.

	D. Sink Support:  Type II, sink carrier with hanger plate, bearing studs, and tie rod.  Include steel uprights with feet.
	1. Manufacturers:
	a. Josam.
	b. J.R. Smith
	c. Zurn.



	2.8 WATER CLOSETS
	A. Water Closets:  Accessible, wall-hanging, back-outlet, vitreous-china fixture designed for flushometer valve operation.
	1. Products:
	a. American Standard, Inc.
	b. Kohler Co.
	c. TOTO USA, Inc.


	B. Water Closets:  Accessible, floor mounting, floor-outlet, vitreous-china fixture designed for flushometer valve operation.
	1. Products:
	a. American Standard, Inc.
	b. Kohler Co.
	c. TOTO USA, Inc.



	2.9 URINALS
	A. Urinals,:  Accessible, wall-hanging, back-outlet, vitreous-china fixture designed for flushometer valve operation.
	1. Products:
	a. American Standard, Inc.
	b. Kohler Co.
	c. TOTO USA, Inc.



	2.10 LAVATORIES, SINKS
	A. Lavatories,:  Accessible, wall hanging, vitreous-china fixture.
	1. Products:
	a. American Standard, Inc.
	b. Kohler Co.
	c. Toto



	2.11 KITCHEN SINKS
	A. Kitchen Sinks:  Commercial, counter-mounting, stainless-steel fixture.
	1. Products:
	a. Elkay Manufacturing Co.
	b. Just Manufacturing Co.



	2.12 SERVICE SINKS
	A. Service Sinks:  Floor-mounting, enameled, sink with front apron, raised back, and coated, wire rim guard.
	1. Products:
	a. Commercial Enameling Co.
	b. Kohler Co.
	c. Fiat




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for water soil and for waste piping systems and supports to verify actual locations and sizes of piping connections and that locations and types of supports match those indicated, before plumbing fixture installation.  Use manuf...
	B. Examine walls, floors, and cabinets for suitable conditions where fixtures are to be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 FIXTURE INSTALLATION
	A. Assemble fixtures, trim, fittings, and other components according to manufacturers' written instructions.
	B. For wall-hanging fixtures, install off-floor supports affixed to building substrate.
	1. Use carrier supports with waste fitting and seal for back-outlet fixtures.
	2. Use chair-type carrier supports with rectangular steel uprights for accessible fixtures.

	C. Install back-outlet, wall-hanging fixtures onto waste fitting seals and attach to supports.
	D. Install floor-mounting fixtures on closet flanges or other attachments to piping or building substrate.
	E. Install wall-hanging fixtures with tubular waste piping attached to supports.
	F. Install floor-mounting, back-outlet water closets attached to building floor substrate and wall bracket and onto waste fitting seals.
	G. Install counter-mounting fixtures in and attached to casework.
	H. Install fixtures level and plumb according to manufacturers' written instructions and roughing-in drawings.
	I. Install water-supply piping with stop on each supply to each fixture to be connected to water distribution piping.  Attach supplies to supports or substrate within pipe spaces behind fixtures.  Install stops in locations where they can be easily re...
	1. Exception:  Use ball, gate, or globe valve if stops are not specified with fixture.  Refer to Division 15 Section "Valves" for general-duty valves.

	J. Install trap and tubular waste piping on drain outlet of each fixture to be directly connected to sanitary drainage system.
	K. Install tubular waste piping on drain outlet of each fixture to be indirectly connected to drainage system.
	L. Install flushometer valves for accessible water closets and urinals with handle mounted on wide side of compartment.  Install other actuators in locations that are easy for people with disabilities to reach.
	M. Install toilet seats on water closets.
	N. Install faucet-spout fittings with specified flow rates and patterns in faucet spouts if faucets are not available with required rates and patterns.  Include adapters if required.
	O. Install water-supply, flow-control fittings with specified flow rates in fixture supplies at stop valves.
	P. Install faucet, flow-control fittings with specified flow rates and patterns in faucet spouts if faucets are not available with required rates and patterns.  Include adapters if required.
	Q. Install traps on fixture outlets.
	R. Install escutcheons at piping wall ceiling penetrations in exposed, finished locations and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding fittings.  Refer to Division 15 Section "Basic Mechanical Mater...
	S. Seal joints between fixtures and walls, floors, and counters using sanitary-type, one-part, mildew-resistant, silicone sealant.  Match sealant color to fixture color.  Refer to Division 7 Section "Joint Sealants" for sealant and installation requir...

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect water supplies from water distribution piping to fixtures.
	C. Connect drain piping from fixtures to drainage piping.
	D. Supply and Waste Connections to Plumbing Fixtures:  Connect fixtures with water supplies, stops, risers, traps, and waste piping.  Use size fittings required to match fixtures.  Connect to plumbing piping.
	E. Supply and Waste Connections to Fixtures and Equipment Specified in Other Sections:  Connect fixtures and equipment with water supplies, stops, risers, traps, and waste piping specified.  Use size fittings required to match fixtures and equipment. ...
	F. Ground equipment.
	1. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.


	3.4 FIELD QUALITY CONTROL
	A. Verify that installed fixtures are categories and types specified for locations where installed.
	B. Check that fixtures are complete with trim, faucets, fittings, and other specified components.
	C. Inspect installed fixtures for damage.  Replace damaged fixtures and components.
	D. Test installed fixtures after water systems are pressurized for proper operation.  Replace malfunctioning fixtures and components, then retest.  Repeat procedure until units operate properly.

	3.5 ADJUSTING
	A. Operate and adjust faucets and controls.  Replace damaged and malfunctioning fixtures, fittings, and controls.
	B. Adjust water pressure at faucets, shower valves, and flushometer valves to produce proper flow and stream.
	C. Replace washers and seals of leaking and dripping faucets and stops.

	3.6 CLEANING
	A. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.  Do the following:
	1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall strainers and spouts.
	2. Remove sediment and debris from drains.


	3.7 PROTECTION
	A. Provide protective covering for installed fixtures and fittings.
	B. Do not allow use of fixtures for temporary facilities unless approved in writing by Owner.



	15415-Drink. Fount
	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 following:
	1. Drinking fountains.
	2. Self-contained water coolers.
	3. Fixture supports.


	1.3 DEFINITIONS
	A. Accessible Drinking Fountain and Water Cooler:  Fixture that can be approached and used by people with disabilities.
	B. Drinking Fountain:  Fixture with nozzle for delivering stream of water for drinking.
	C. Fitting:  Device that controls flow of water into or out of fixture.
	D. Fixture:  Drinking fountain or water cooler, unless one is specifically indicated.
	E. Water Cooler:  Electrically powered fixture for generating and delivering cooled drinking water.

	1.4 SUBMITTALS
	A. Product Data:  Include rated capacities; shipping, installed, and operating weights; furnished specialties; and accessories for each type of fixture indicated.
	B. Shop Drawings:  Diagram power, signal, and control wiring and differentiate between manufacturer-installed and field-installed wiring.
	C. Maintenance Data:  For fixtures to include in maintenance manuals specified in Division 1.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and Usable Buildings and Facilities" about fixtures for people with disabilities.
	C. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for fixture materials that will be in contact with potable water.
	D. ARI Standard:  Comply with ARI 1010, "Self-Contained, Mechanically Refrigerated Drinking-Water Coolers," for water coolers and with ARI's "Directory of Certified Drinking Water Coolers" for type and style classifications.
	E. TAS:  Texas Accessibility Standards.

	1.6 COORDINATION
	A. Coordinate roughing-in and final fixture locations, and verify that fixtures can be installed to comply with original design and referenced standards.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified below.
	1. Elkay.
	2. Halsey Taylor.
	3. Haws Corporation.


	2.2 DRINKING FOUNTAINS
	A. Drinking Fountains,:  Accessible, Style W, wall-hanging fixture made of  stainless steel.
	1. Receptor Shape:  Rectangular.
	2. Back Panel:  Stainless-steel wall plate behind drinking fountain.
	3. Bubblers:  Two, with automatic stream regulator, located on deck.
	4. Control:  Push button.
	5. Supply:  0TNPS 3/80T2T (DN 10)2T with ball, gate, or globe valve.
	6. Drain:  Grid with 0TNPS 1-1/40T2T (DN 32)2T minimum horizontal waste and trap complying with ASME Standards.
	7. Support:  Type I, water-cooler carrier.  Refer to "Fixture Supports" Article.


	2.3 SELF-CONTAINED WATER COOLERS
	A. Water Coolers:  Accessible, ARI 1010, Type PB, pressure with bubbler, Style W, wall-hanging fixture.
	1. Cabinet:  Bilevel with two attached cabinets, enameled steel with stainless-steel top.
	2. Bubbler:  One, with automatic stream regulator, located on each cabinet deck.
	3. Control:  Push button.
	4. Supply:  0TNPS 3/80T2T (DN 10)2T with ball, gate, or globe valve and filter.
	5. Drain:  Grid with 0TNPS 1-1/40T2T (DN 32)2T minimum horizontal waste and trap complying with ASME Standards.
	6. Cooling System:  Electric, with hermetically sealed compressor, cooling coil, air-cooled condensing unit, corrosion-resistant tubing, refrigerant, corrosion-resistant-metal storage tank, and adjustable thermostat.
	a. Capacity:  0T8 gph0T2T (0.0084 L/s)2T of 0T50 deg F0T2T (10 deg C)2T cooled water from 0T80 deg F0T2T (27 deg C)2T inlet water and 0T90 deg F0T2T (32 deg C)2T ambient air temperature.
	b. Electrical Characteristics:  1/5   hp; 120-V ac; single phase; 60 Hz.

	7. Support:  Type  II, water-cooler carrier.  Refer to "Fixture Supports" Article.


	2.4 FIXTURE SUPPORTS
	A. Off-Floor, Plumbing Fixture Supports:  ASME A112.6.1M, water-cooler carriers.  Include vertical, steel uprights with feet and tie rods and bearing plates with mounting studs matching fixture to be supported.
	1. Available Manufacturers:
	2. Manufacturers:
	a. Josam Co.
	b. Smith, Jay R. Mfg. Co.
	c. Tyler Pipe; Wade Div.
	d. Zurn Specifications Drainage Operation.

	3. Type I:  Hanger-type carrier with two vertical uprights.
	4. Type II:  Bilevel, hanger-type carrier with three vertical uprights.
	5. Supports for Accessible Fixtures:  Include rectangular, vertical, steel uprights instead of steel pipe uprights.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for water and waste piping systems to verify actual locations of piping connections before fixture installation.  Verify that sizes and locations of piping and types of supports match those indicated.
	B. Examine walls and floors for suitable conditions where fixtures are to be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 APPLICATIONS
	A. Use carrier off-floor supports for wall-hanging fixtures, unless otherwise indicated.
	B. Use chrome-plated brass or copper tube, fittings, and valves in locations exposed to view.  Plain copper tube, fittings, and valves may be used in concealed locations.

	3.3 INSTALLATION
	A. Install off-floor supports affixed to building substrate and attach wall-hanging fixtures, unless otherwise indicated.
	B. Install mounting frames affixed to building construction and attach recessed water coolers to mounting frames, unless otherwise indicated.
	C. Install fixtures level and plumb.
	D. Install water-supply piping with shutoff valve on supply to each fixture to be connected to water distribution piping.  Use ball, gate, or globe valve.  Install valves in locations where they can be easily reached for operation.  Refer to Division ...
	E. Install trap and waste piping on drain outlet of each fixture to be connected to sanitary drainage system.
	F. Install pipe escutcheons at wall penetrations in exposed, finished locations.  Use deep-pattern escutcheons where required to conceal protruding pipe fittings.  Refer to Division 15 Section "Basic Mechanical Materials and Methods" for escutcheons.
	G. Seal joints between fixtures and walls and floors using sanitary-type, one-part, mildew-resistant, silicone sealant.  Match sealant color to fixture color.  Refer to Division 7 for sealant and installation requirements.

	3.4 CONNECTIONS
	A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect water supplies from water distribution piping to fixtures.
	C. Connect drain piping from fixtures to drainage piping.
	D. Ground equipment.
	1. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.




	15430-Plumb Specialties
	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 following plumbing specialties:
	1. Balancing valves.
	2. Washer-supply outlets.
	3. Key-operation hydrants.
	4. Trap seal primer valves.
	5. Drain valves.
	6. Miscellaneous piping specialties.
	7. Sleeve penetration systems.
	8. Flashing materials.
	9. Cleanouts.
	10. Floor drains.
	11. Roof drains.
	12. Grease interceptors.


	1.3 DEFINITIONS
	A. The following are industry abbreviations for plastic piping materials:
	1. ABS:  Acrylonitrile-butadiene-styrene plastic.
	2. PVC:  Polyvinyl chloride plastic.


	1.4 PERFORMANCE REQUIREMENTS
	A. Provide components and installation capable of producing piping systems with following minimum working-pressure ratings, unless otherwise indicated:
	1. Domestic Water Piping:  0T125 psig0T2T (860 kPa)2T.
	2. Sanitary Waste and Vent Piping:  0T10-foot head of water0T2T (30 kPa)2T.
	3. Storm Drainage Piping:  0T10-foot head of water0T2T (30 kPa)2T.


	1.5 SUBMITTALS
	A. Product Data:  Include rated capacities and shipping, installed, and operating weights.  Indicate materials, finishes, dimensions, required clearances, and methods of assembly of components; and piping and wiring connections for the following:
	1. Balancing valves.
	2. Water hammer arresters, and trap seal primer valves and systems.
	3. Hose bibbs, hydrants.
	4. Washer-supply outlets.
	5. Cleanouts, floor drains, and roof drains.
	6. Roof flashing assemblies.
	7. Grease interceptors.
	8. Sleeve penetration systems.

	B. Shop Drawings:  Diagram power, signal, and control wiring.

	1.6 QUALITY ASSURANCE
	A. Product Options:  Drawings indicate size, profiles, and dimensional requirements of plumbing specialties and are based on the specific system indicated.  Refer to Division 1 Section "Product Requirements."
	B. Plumbing specialties shall bear label, stamp, or other markings of specified testing agency.
	C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for piping materials and installation.
	E. NSF Compliance:
	1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic domestic water piping components.  Include marking "NSF-pw" on plastic potable-water piping and "NSF-dwv" on plastic drain, waste, and vent piping.
	2. Comply with NSF 61, "Drinking Water System Components--Health Effects, Sections 1 through 9," for potable domestic water plumbing specialties.



	PART 2 -  PRODUCTS
	2.1 BALANCING VALVES
	A. Calibrated Balancing Valves:  Adjustable, with two readout ports and memory setting indicator.  Include manufacturer's standard hoses, fittings, valves, differential pressure meter, and carrying case.
	1. Manufacturers:
	a. Armstrong Pumps, Inc.
	b. Flow Design, Inc.
	c. ITT Industries; Bell & Gossett Div.
	d. Taco, Inc.
	e. Watts Industries, Inc.; Water Products Div.

	2. 0TNPS 20T2T (DN 50)2T and Smaller:  Bronze body with brass ball, adjustment knob, calibrated nameplate, and threaded or solder-joint ends.
	3. 0TNPS 20T2T (DN 50)2T and Smaller:  Bronze, Y-pattern body with adjustment knob and threaded ends.
	4. 0TNPS 2-1/20T2T (DN 65)2T and Larger:  Cast-iron, Y-pattern body with bronze disc and flanged or grooved ends.
	B. Memory-Stop Balancing Valves, NPS 2 (DN 50) and smaller: MSS SP-110, ball valve, rated for 400-psig (2760-kPa) mininmum CWP.  Include two-piece, copper-alloy body with full-port, chrome-plated brass ball, replaceable seats and seals, threaded or so...
	1. Manufacturers:
	a. Conbraco Industries, Inc.
	b. Crane Co., Crane Valve Group; Crane Valves.
	c. Grinnell Corporation.
	d. NIBCO INC.
	e. Red-White Valve Corp.



	2.2 STRAINERS
	A. Strainers:  Y-pattern, unless otherwise indicated, and full size of connecting piping.  Include ASTM A 666, Type 304, stainless-steel screens with 0T3/64-inch0T2T (1.2-mm)2T round perforations, unless otherwise indicated.
	1. Pressure Rating:  0T125-psig0T2T (860-kPa)2T minimum steam working pressure, unless otherwise indicated.
	2. 0TNPS 20T2T (DN 50)2T and Smaller:  Bronze body, with female threaded ends.
	3. 0TNPS 2-1/20T2T (DN 65)2T and Larger:  Cast-iron body, with interior AWWA C550 or FDA-approved, epoxy coating and flanged ends.


	2.3 OUTLET BOXES
	A. Manufacturers:
	1. Acorn Engineering Company.
	2. Gray, Guy Manufacturing Co., Inc.
	3. Symmons Industries, Inc.

	B. General:  Recessed-mounting outlet boxes with supply fittings complying with ASME A112.18.1M.  Include box with faceplate, services indicated for equipment connections, and wood-blocking reinforcement.
	C. Clothes Washer Outlet Boxes:  With hot- and cold-water hose connections, drain, and the following:
	1. Box and Faceplate:  [Stainless steel] [Enameled or epoxy-painted steel].
	2. Shutoff Fitting:  Two hose bibbs.
	3. Supply Fittings:  Two 0TNPS 1/20T2T (DN 15)2T gate, globe, or ball valves and 0TNPS 1/20T2T (DN 15)2T copper, water tubing.
	4. Drain:  0TNPS 20T2T (DN 50)2T standpipe, P-trap, and direct waste connection to drainage piping.
	5. Inlet Hoses:  Two ASTM D 3571, 0T60-inch-0T2T (1500-mm-)2T long, rubber household clothes washer inlet hoses with female hose-thread couplings.
	6. Drain Hose:  One 0T48-inch-0T2T (1200-mm-)2T long, rubber household clothes washer drain hose with hooked end.

	D. Icemaker Outlet Boxes:  With hose connection and the following:
	1. Box and Faceplate:  Stainless steel.
	2. Shutoff Fitting:  Hose bibb.
	3. Supply Fitting:  0TNPS 1/20T2T (DN 15)2T gate, globe, or ball valve and 0TNPS 1/20T2T (DN 15)2T copper, water tubing.


	2.4 KEY-OPERATION HYDRANTS
	A. Manufacturers:
	1. Josam Co.
	2. Smith, Jay R. Mfg. Co.
	3. Woodford Manufacturing Co.

	B. General:  ASME A112.21.3M, key-operation hydrant with pressure rating of 0T125 psig0T2T (860 kPa)2T.
	1. Inlet:  0TNPS 3/4 or NPS 10T2T (DN 20 or DN 25)2T threaded or solder joint.
	2. Outlet:  ASME B1.20.7, garden-hose threads.
	3. Operating Keys:  One with each key-operation hydrant.

	C. Moderate-Climate, Concealed-Outlet Wall Hydrants:  ASSE 1019, self-drainable with flush-mounting box with cover, integral nonremovable hose-connection vacuum breaker, and concealed outlet.
	1. Classification:  Type A, for automatic draining with hose removed or Type B, for automatic draining with hose removed or with hose attached and nozzle closed.

	D. Hot and Cold, Nonfreeze Concealed-Outlet Wall Hydrants:  With deep flush-mounting box with cover; hot- and cold-water casings and operating rods to match wall thickness; concealed outlet; wall clamps; and factory- or field-installed, nonremovable a...

	2.5 TRAP SEAL PRIMER VALVES
	A. Supply-Type Trap Seal Primer Valves:  ASSE 1018, water-supply-fed type, with the following characteristics:
	1. Manufacturers:
	a. Josam Co.
	b. MIFAB Manufacturing, Inc.
	c. Precision Plumbing Products, Inc.
	d. Smith, Jay R. Mfg. Co.

	2. 0T125-psig0T2T (860-kPa)2T minimum working pressure.
	3. Bronze body with atmospheric-vented drain chamber.
	4. Inlet and Outlet Connections:  0TNPS 1/20T2T (DN 15)2T threaded, union, or solder joint.
	5. Gravity Drain Outlet Connection:  0TNPS 1/20T2T (DN 15)2T threaded or solder joint.
	6. Finish:  Chrome plated, or rough bronze for units used with pipe or tube that is not chrome finished.


	2.6 MISCELLANEOUS PIPING SPECIALTIES
	A. Water Hammer Arresters:  ASSE 1010 or PDI-WH 201, metal-bellows type with pressurized metal cushioning chamber.  Sizes indicated are based on ASSE 1010 or PDI-WH 201, Sizes A through F.
	1. Manufacturers:
	a. Josam Co.
	b. Smith, Jay R. Mfg. Co.
	c. Tyler Pipe; Wade Div.
	d. Zurn Industries, Inc.; Specification Drainage Operation.


	B. Hose Bibbs:  Bronze body with replaceable seat disc complying with ASME A112.18.1M for compression-type faucets.  Include 0TNPS 1/2 or NPS 3/40T2T (DN 15 or DN 20)2T threaded or solder-joint inlet, of design suitable for pressure of at least 0T125 ...
	C. Roof Flashing Assemblies:  Manufactured assembly made of [0T4-lb/sq. ft.0T2T (20-kg/sq. m)2T, 0T0.0625-inch-0T2T (1.6-mm-)2T] [0T6-lb/sq. ft.0T2T (30-kg/sq. m)2T, 0T0.0938-inch-0T2T (2.4-mm-)2T] thick, lead flashing collar and skirt extending at le...
	D. Floor-Drain Inlet Fittings:  Cast iron, with threaded inlet and threaded or spigot outlet, and trap seal primer valve connection.
	E. Fixed Air-Gap Fittings:  Manufactured cast-iron or bronze drainage fitting with semiopen top with threads or device to secure drainage inlet piping in top and bottom spigot or threaded outlet larger than top inlet.  Include design complying with AS...
	F. Stack Flashing Fittings:  Counterflashing-type, cast-iron fitting, with bottom recess for terminating roof membrane, and with threaded or hub top for extending vent pipe.
	G. Vent Caps:  Cast-iron body with threaded or hub inlet and vandal-proof design.  Include vented hood and set-screws to secure to vent pipe.
	H. Vent Terminals:  Commercially manufactured, shop- or field-fabricated, frost-proof assembly constructed of galvanized steel, copper, or lead-coated copper.  Size to provide 0T1-inch0T2T (25-mm)2T enclosed air space between outside of pipe and insid...
	I. Expansion Joints:  ASME A112.21.2M, assembly with cast-iron body with bronze sleeve, packing gland, and packing; of size and end types corresponding to connected piping.

	2.7 SLEEVE PENETRATION SYSTEMS
	A. Manufacturers:
	1. ProSet Systems, Inc.

	B. Description:  UL 1479, through-penetration firestop assembly consisting of sleeve and stack fitting with firestopping plug.
	1. Sleeve:  Molded PVC plastic, of length to match slab thickness and with integral nailing flange on one end for installation in cast-in-place concrete slabs.
	2. Stack Fitting:  0TASTM A 480T2T (ASTM A 48M)2T, gray-iron, hubless-pattern, wye-branch stack fitting with neoprene O-ring at base and gray-iron plug in thermal-release harness in branch.  Include PVC protective cap for plug.
	a. Special Coating:  Include corrosion-resistant interior coating on fittings for plastic chemical waste and vent stacks.



	2.8 FLASHING MATERIALS
	A. Lead Sheet:  ASTM B 749, Type L51121, copper bearing, with the following minimum weights and thicknesses, unless otherwise indicated:
	1. General Use:  0T4-lb/sq. ft.0T2T (20-kg/sq. m)2T, 0T0.0625-inch0T2T (1.6-mm)2T thickness.
	2. Vent Pipe Flashing:  0T3-lb/sq. ft.0T2T (15-kg/sq. m)2T, 0T0.0469-inch0T2T (1.2-mm)2T thickness.
	3. Burning:  0T6-lb/sq. ft.0T2T (30-kg/sq. m)2T, 0T0.0938-inch0T2T (2.4-mm)2T thickness.

	B. Elastic Membrane Sheet:  ASTM D 4068, flexible, chlorinated polyethylene, 0T40-mil0T2T (1.01-mm)2T minimum thickness.
	C. Fasteners:  Metal compatible with material and substrate being fastened.
	D. Metal Accessories:  Sheet metal strips, clamps, anchoring devices, and similar accessory units required for installation; matching or compatible with material being installed.
	E. Solder:  ASTM B 32, lead-free alloy.
	F. Bituminous Coating:  SSPC-Paint 12, solvent-type, bituminous mastic.

	2.9 CLEANOUTS
	A. Cleanouts:  Comply with [ASME A112.36.2M] [ASME A112.3.1] <Insert other>.
	1. Application:  [Floor cleanout] [Wall cleanout] [For installation in exposed piping].
	2. Products:
	a. Josam Co.
	b. Mifab
	c. Smith, Jay R. Mfg. Co.
	d. Tyler Pipe, Wade Div.
	e. Zurn Industries, Inc., Specification Drainage Operation.



	2.10 FLOOR DRAINS
	A. Floor Drains.
	1. Products:
	a. Josam Co.
	b. Mifab
	c. Smith, Jay R. Mfg. Co.
	d. Tyler Pipe, Wade Div.
	e. Zurn Industries, Inc.



	2.11 ROOF DRAINS
	A. Roof Drains:  Comply with [ASME A112.21.2M] [ASME A112.3.1].
	1. Application:  Roof drain.
	2. Products:
	a. Josam Co.
	b. Mifab
	c. Smith, Jay R. Mfg. Co.
	d. Tyler Pipe, Wade Div.
	e. Watts Industries, Inc., Drainage Products Div.
	f. Zurn Industries, Inc.



	2.12 GREASE INTERCEPTORS
	A. Grease Interceptors:  Comply with PDI-G101.
	1. Products:
	a. American Industrial Precast Products, Inc.
	b. Brooks Products
	c. Park Equipment Co.




	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for piping joining materials, joint construction, and basic installation requirements.
	B. Install pressure regulators with inlet and outlet shutoff valves and balance valve bypass.  Install pressure gages on inlet and outlet.
	C. Install strainers on supply side of each control valve, pressure regulator, and solenoid valve.
	D. Install trap seal primer valves with outlet piping pitched down toward drain trap a minimum of 1 percent and connect to floor-drain body, trap, or inlet fitting.  Adjust valve for proper flow.
	E. Install backwater valves in building drain piping.  For interior installation, provide cleanout deck plate flush with floor and centered over backwater valve cover, and of adequate size to remove valve cover for servicing.
	F. Install expansion joints on vertical risers, stacks, and conductors if indicated.
	G. Install cleanouts in aboveground piping and building drain piping according to the following, unless otherwise indicated:
	1. Size same as drainage piping up to 0TNPS 40T2T (DN 100)2T.  Use 0TNPS 40T2T (DN 100)2T for larger drainage piping unless larger cleanout is indicated.
	2. Locate at each change in direction of piping greater than 45 degrees.
	3. Locate at minimum intervals of 0T50 feet0T2T (15 m)2T for piping 0TNPS 40T2T (DN 100)2T and smaller and 0T100 feet0T2T (30 m)2T for larger piping.
	4. Locate at base of each vertical soil and waste stack.

	H. Install cleanout deck plates with top flush with finished floor, for floor cleanouts for piping below floors.
	I. Install cleanout wall access covers, of types indicated, with frame and cover flush with finished wall, for cleanouts located in concealed piping.
	J. Install flashing flange and clamping device with each stack and cleanout passing through floors with waterproof membrane.
	K. Install vent flashing sleeves on stacks passing through roof.  Secure over stack flashing according to manufacturer's written instructions.
	L. Install frost-proof vent caps on each vent pipe passing through roof.  Maintain 0T1-inch0T2T (25-mm)2T clearance between vent pipe and roof substrate.
	M. Install floor drains at low points of surface areas to be drained.  Set grates of drains flush with finished floor, unless otherwise indicated.
	1. Position floor drains for easy access and maintenance.
	2. Set floor drains below elevation of surrounding finished floor to allow floor drainage.  Set with grates depressed according to the following drainage area radii:
	a. Radius, 0T30 Inches0T2T (750 mm)2T or Less:  Equivalent to 1 percent slope, but not less than 0T1/4-inch0T2T (6.35-mm)2T total depression.
	b. Radius, 0T30 to 60 Inches0T2T (750 to 1500 mm)2T:  Equivalent to 1 percent slope.
	c. Radius, 0T60 Inches0T2T (1500 mm)2T or Larger:  Equivalent to 1 percent slope, but not greater than 0T1-inch0T2T (25-mm)2T total depression.

	3. Install floor-drain flashing collar or flange so no leakage occurs between drain and adjoining flooring.  Maintain integrity of waterproof membranes where penetrated.
	4. Install individual traps for floor drains connected to sanitary building drain, unless otherwise indicated.

	N. Install roof drains at low points of roof areas according to roof membrane manufacturer's written installation instructions.
	1. Install roof-drain flashing collar or flange so no leakage occurs between drain and adjoining roofing.  Maintain integrity of waterproof membranes where penetrated.
	2. Position roof drains for easy access and maintenance.

	O. Install interceptors, including trapping, venting, and flow-control fitting, according to authorities having jurisdiction and with clear space for servicing.
	1. Flush with In-Ground Installation:  Set unit and extension, if required, with cover flush with finished grade.
	2. Install cleanout immediately downstream from interceptors not having integral cleanout on outlet.

	P. Fasten wall-hanging plumbing specialties securely to supports attached to building substrate if supports are specified and to building wall construction if no support is indicated.
	Q. Fasten recessed-type plumbing specialties to reinforcement built into walls.
	R. Install wood-blocking reinforcement for wall-mounting and recessed-type plumbing specialties.
	S. Install individual shutoff valve in each water supply to plumbing specialties.  Use ball, gate, or globe valve if specific valve is not indicated.  Install shutoff valves in accessible locations.  Refer to Division 15 Section "Valves" for general-d...
	T. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding pipe fittings.

	3.2 CONNECTIONS
	A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Connect plumbing specialties to piping specified in other Division 15 Sections.
	D. Ground equipment.
	E. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.
	F. Connect plumbing specialties and devices that require power according to Division 16 Sections.
	G. Interceptor Connections:  Connect piping, flow-control fittings, and accessories.
	1. Grease Interceptors:  Connect inlet and outlet to unit, and flow-control fitting and vent to unit inlet piping.


	3.3 FLASHING INSTALLATION
	A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are required.  Join flashing according to the following if required:
	1. Lead Sheets:  Burn joints of lead sheets 0T6-lb/sq. ft.0T2T (30-kg/sq. m)2T, 0T0.0938-inch0T2T (2.4-mm)2T thickness or thicker.  Solder joints of lead sheets 0T4-lb/sq. ft.0T2T (20-kg/sq. m)2T, 0T0.0625-inch0T2T (1.6-mm)2T thickness or thinner.

	B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and roofs with waterproof membrane.
	1. Pipe Flashing:  Sleeve type, matching pipe size, with minimum length of 0T10 inches0T2T (250 mm)2T, and skirt or flange extending at least 0T8 inches0T2T (200 mm)2T around pipe.
	2. Sleeve Flashing:  Flat sheet, with skirt or flange extending at least 0T8 inches0T2T (200 mm)2T around sleeve.
	3. Embedded Specialty Flashing:  Flat sheet, with skirt or flange extending at least 0T8 inches0T2T (200 mm)2T around specialty.

	C. Set flashing on floors and roofs in solid coating of bituminous cement.
	D. Secure flashing into sleeve and specialty clamping ring or device.
	E. Install flashing for piping passing through roofs with counterflashing or commercially made flashing fittings, according to Division 7 Section "Sheet Metal Flashing and Trim."
	F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing into cast-iron sleeve having calking recess.

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-assembled trap seal primer systems and their installation, including piping and electrical connections.  Report results in writing.
	1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks exist.
	2. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.  Remove malfunctioning units, replace with new units, and retest.
	3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.


	3.5 PROTECTION
	A. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	B. Place plugs in ends of uncompleted piping at end of each day or when work stops.



	15781 - ROOFTOP HEATING AND COOLING UNITS ELECTRIC COOLING - ELECTRIC HEAT
	END OF SECTION

	15815 - Metal Ducts
	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 rectangular, round, and flat-oval metal ducts and plenums for heating, ventilating, and air-conditioning systems in pressure classes from 0Tminus 2- to plus 10-inch wg
	B. Related Sections include the following:
	1. Division 15 Section "Duct Accessories" for dampers, sound-control devices, duct-mounted access doors and panels, turning vanes, and flexible ducts.
	2. Division 15 Section "Diffusers, Registers, and Grilles."
	3. Division 15 Section "Testing, Adjusting, and Balancing" for air balancing and final adjusting of manual-volume dampers.


	1.3 DEFINITIONS
	A. Thermal Conductivity and Apparent Thermal Conductivity (k-Value):  As defined in ASTM C 168.  In this Section, these values are the result of the formula Btu x in./h x sq. ft. x deg F or W/m x K at the temperature differences specified.  Values are...

	1.4 SYSTEM DESCRIPTION
	A. Duct system design, as indicated, has been used to select and size air-moving and -distribution equipment and other components of air system.  Changes to layout or configuration of duct system must be specifically approved in writing by Architect.

	1.5 SUBMITTALS
	A. Product Data:  For duct liner and sealing materials.
	B. Shop Drawings:  Show details of the following:
	1. Duct layout indicating pressure classifications and sizes on plans.
	2. Fittings.
	3. Penetrations through fire-rated and other partitions.
	4. Coordination with other trades and including but not limited to: structural members, electrical lights and conduits, plumbing lines, & fire sprinkler lines.

	C. Coordination Drawings:  Reflected ceiling plans drawn to scale and coordinating penetrations and ceiling-mounted items.  Show the following:
	1. Ceiling- and wall-mounted access doors and panels required to provide access to dampers and other operating devices.
	2. Coordination with ceiling-mounted items, including lighting fixtures, diffusers, grilles, speakers, sprinkler heads, access panels, and special moldings.

	D. Duct Construction Standards:  Provide a copy of the duct construction standards to be used for each pressure classification in this project.  Duct Construction Standards must comply with the latest edition of SMACNA “HVAC Duct Construction Standard...
	E. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.
	F. Record Drawings:  Indicate actual routing, fitting details, reinforcement, support, and installed accessories and devices.

	1.6 QUALITY ASSURANCE
	A. Welding Standards:  Qualify welding procedures and welding personnel to perform welding processes for this Project according to AWS D1.1, "Structural Welding Code--Steel," for hangers and supports; AWS D1.2, "Structural Welding Code--Aluminum," for...
	B. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," unless otherwise indicated.
	C. Comply with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems," unless otherwise indicated.
	D. Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial Cooking Operations," Chapter 3, "Duct System," for range hood ducts, unless otherwise indicated.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Deliver sealant and firestopping materials to site in original unopened containers or bundles with labels indicating manufacturer, product name and designation, color, expiration period for use, pot life, curing time, and mixing instructions for mu...
	B. Store and handle sealant and firestopping materials according to manufacturer's written recommendations.
	C. Deliver and store stainless-steel sheets with mill-applied adhesive protective paper maintained through fabrication and installation
	D. Deliver and store all ductwork with protective material until installation.  Any material left exposed to moisture and/or particulates shall be removed and replaced.
	E. Any installed ductwork or piping system left temporarily incomplete shall be covered with protective material until final connections can be installed.
	F. All ductwork and/or liner insulation to be wrapped with protective material until installation. Any ductwork or insulation left exposed to the environment or contaminating particulate matter shall be replaced at the contractor’s expense.


	PART 2 -  PRODUCTS
	2.1 SHEET METAL MATERIALS
	A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, 0TG900T2T (Z275)2T coating designation; mill-phosphatized finish for surfaces of ducts exposed to view.
	B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets; commercial quality; with oiled, exposed matte finish.
	C. Stainless Steel:  ASTM A 480/A 480M, Type 316, sheet form with No. 4 finish for surfaces of ducts exposed to view; and Type 304, sheet form with No. 1 finish for concealed ducts.
	D. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	E. Tie Rods:  Galvanized steel, 0T1/4-inch0T2T (6-mm)2T minimum diameter for 0T36-inch0T2T (900-mm)2T length or less; 0T3/8-inch0T2T (10-mm)2T minimum diameter for lengths longer than 0T36 inches0T2T (900 mm)2T.

	2.2 SEALANT MATERIALS
	A. Joint and Seam Sealants, General:  The term "sealant" is not limited to materials of adhesive or mastic nature but includes tapes and combinations of open-weave fabric strips and mastics.
	1. Joint and Seam Sealant:  One-part, nonsag, solvent-release-curing, polymerized butyl sealant, formulated with a minimum of 75 percent solids.
	2. Flanged Joint Mastics:  One-part, acid-curing, silicone, elastomeric joint sealants, complying with ASTM C 920, Type S, Grade NS, Class 25, Use O.


	2.3 HANGERS AND SUPPORTS
	A. Hanger Materials:  Galvanized, sheet steel or round, threaded steel rod.
	1. Hangers Installed in Corrosive Atmospheres:  Electrogalvanized, all-thread rod or galvanized rods with threads painted after installation.
	2. Straps and Rod Sizes:  Comply with latest edition of SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for sheet steel width and thickness and for steel rod diameters.

	B. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	C. Trapeze and Riser Supports:  Steel shapes complying with ASTM A 36/A 36M.
	1. Supports for Galvanized-Steel Ducts:  Galvanized steel shapes and plates.
	2. Supports for Stainless-Steel Ducts:  Stainless-steel support materials.
	3. Supports for Aluminum Ducts:  Aluminum support materials, unless materials are electrolytically separated from ductwork.


	2.4 RECTANGULAR DUCT FABRICATION
	A. General:  Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction with galvanized, sheet steel, according to the latest edition of SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."  Comply with requi...
	1. Lengths:  Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity class required for pressure classification.
	2. Materials:  Free from visual imperfections such as pitting, seam marks, roller marks, stains, and discolorations.

	B. Fabricate range hood exhaust ducts with 0T0.0598-inch-0T thick, galvanized sheet for concealed ducts and 0T0.0500-inch-0T thick stainless steel for exposed ducts.  Weld and flange seams and joints.  Comply with NFPA 96.
	C. Fabricate dishwasher hood exhaust ducts with 0T0.0500-inch-0T thick stainless steel.  Weld and flange seams and joints.
	D. Static-Pressure Classifications:  Unless otherwise indicated, construct ducts to the following:
	1. Supply Ducts between AHU and Air Terminal Units:  0T3-inch wg0T2T.
	2. Supply Ducts after air terminal units and on constant volume supply equipment:  1-inch wg (250 Pa), positive pressure
	3. Return Ducts:  0T1-inch wg0T2T ,2Tnegative pressure.
	4. Exhaust Ducts:  0T1-inch wg0T negative pressure.

	E. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 0T19 inches0T and larger and 0T0.0359 inch0T thick or less, with more than 0T10 sq. ft.0T of unbraced panel area, unless ducts are lined.

	2.5 ROUND FABRICATION
	A. Round Ducts:  Fabricate spiral seam  supply and return ducts of galvanized steel according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."  Snap Lock Longitudinal seam ductwork will not be allowed.  Adjustable elbows will not be...
	B. Spiral seam round or oval duct may be substituted for rectangular duct at the contractors option.  Spiral seam ductwork sizing must result in the same or less pressure drop than the rectangular duct indicated on the plans.

	2.6 DUCT STORGE
	A. All duct must have end capped with plastic covers on both ends from end of fabrication to duct installation.


	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION, GENERAL
	A. Duct installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of ducts, fittings, and accessories.
	B. Construct and install each duct system for the specific duct pressure classification indicated.
	C. Install round ducts in lengths not less than 0T10 feet0T2T (3 m)2T, unless interrupted by fittings.
	D. Install ducts with fewest possible joints.
	E. Install fabricated fittings for changes in directions, changes in size and shape, and connections.
	F. Install couplings tight to duct wall surface with a minimum of projections into duct.
	G. Install ducts, unless otherwise indicated, vertically and horizontally, parallel and perpendicular to building lines; avoid diagonal runs.
	H. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	I. Install ducts with a clearance of 0T1 inch0T2T (25 mm)2T, plus allowance for insulation thickness.
	J. Conceal ducts from view in finished spaces.  Do not encase horizontal runs in solid partitions, unless specifically indicated.
	K. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting layouts, and similar finished work.
	L. Electrical Equipment Spaces:  Route ductwork to avoid passing through transformer vaults and electrical equipment spaces and enclosures.
	M. Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls, and are exposed to view, conceal space between construction opening and duct or duct insulation with sheet metal flanges of same metal thicknes...
	N. Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls, install appropriately rated fire damper, sleeve, and firestopping sealant.  Fire and smoke dampers are specified in Division 15 Section "Duct Acces...

	3.2 SEAM AND JOINT SEALING
	A. General:  Seal duct seams and joints according to the duct pressure class indicated and as described in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."  All duct to be sealed to SMACNA seal class A which requires sealing all transv...
	B. Seal externally insulated ducts before insulation installation.
	C. All ducts shall be inspected after sealing is complete and prior to insulation installation.  Provide the engineer with a minimum 7 days notice prior to beginning duct insulation.

	3.3 RANGE HOOD EXHAUST DUCT INSTALLATIONS
	A. Install ducts to allow for thermal expansion of ductwork through 0T2000 deg F0T temperature range.
	B. Install ducts without dips or traps that may collect residues, unless traps have continuous or automatic residue removal.
	C. Install access openings at each change in direction and at 0T15-foot0T  intervals; locate on sides of duct a minimum of 0T1-1/2 inches0T  from bottom; and fit with grease-tight covers of same material as duct.
	D. Do not penetrate fire-rated assemblies.

	3.4 DISHWASHER EXHAUST DUCT INSTALLATIONS
	A. Install dishwasher exhaust ducts according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
	B.

	3.5 HANGING AND SUPPORTING
	A. Install rigid round and rectangular metal duct with support systems indicated in the latest edition of SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
	B. Support horizontal ducts within 0T24 inches0T of each elbow and within 0T48 inches0T of each branch intersection.
	C. Support vertical ducts at a maximum interval of 0T16 feet0T and at each floor.
	D. Install upper attachments to structures with an allowable load not exceeding one-fourth of failure (proof-test) load.

	3.6 CONNECTIONS
	A. Connect equipment with flexible connectors according to Division 15 Section "Duct Accessories."
	B. For branch, outlet and inlet, and terminal unit connections, comply with the latest edition of SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

	3.7 DUCT APPLICATION
	A. Service:  Round and rectangular, supply/return/outside -air ducts, concealed.
	1. Sheet-metal with wrap insulation

	B. Service:  Round and rectangular, supply/return/outside -air ducts, exposed and in mechanical rooms.
	1. Sheet-metal double wall with lined insulation in-between.
	2. Inner sheet-metal duct shall be perforated in areas with acoustical requirements, ref. plans.

	C.

	3.8 FIELD QUALITY CONTROL
	A. Disassemble, reassemble, and seal segments of systems as required to accommodate leakage testing and as required for compliance with test requirements.
	B. 25% of the duct installed after the air handling units and (prior to the air terminal units, when applicable) shall be tested in the presence of the Architect, at static pressures equal to maximum design pressure of system or section being tested. ...
	C. Leakage Test:  Perform tests according to SMACNA's "HVAC Air Duct Leakage Test Manual."
	D. Maximum Allowable Leakage:  Comply with requirements for Leakage Classification 3 for round, Leakage Classification 12 for rectangular ducts in pressure classifications less than and equal to 0T2-inch wg0T (both positive and negative pressures), an...
	E. Remake leaking joints and retest until leakage is less than maximum allowable.

	3.9 CLEANING
	A. After completing system installation, including outlet fittings and devices, inspect the system.  Vacuum ducts before final acceptance to remove dust and debris.
	END OF SECTION



	15820-duct access
	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 following:
	1. Backdraft dampers.
	2. Manual-volume dampers.
	3. Fire dampers.
	4. Turning vanes.
	5. Duct-mounted access doors and panels.
	6. Flexible ducts.
	7. Flexible connectors.
	8. Duct accessory hardware.

	B. Related Sections include the following:
	1. Division 8 Sections for wall- and ceiling-mounted access doors and panels.
	2. Division 10 Sections for intake and relief louvers and vents connected to ducts and installed in exterior walls.
	3. Division 15 Section "Diffusers, Registers, and Grilles."
	4. Division 16 Sections for duct-mounted fire and smoke detectors.


	1.3 SUBMITTALS
	A. Product Data:  For the following:
	1. Backdraft dampers.
	2. Manual-volume dampers.
	3. Fire dampers.
	4. Duct-mounted access doors and panels.
	5. Flexible ducts.

	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, required clearances, method of field assembly, components, location, and size of each field connection.  Detail the following:
	1. Special fittings and manual- and automatic-volume-damper installations.
	2. Fire-damper installations, including sleeves and duct-mounted access doors and panels.

	C. Product Certificates:  Submit certified test data on dynamic insertion loss; self-noise power levels; and airflow performance data, static-pressure loss, dimensions, and weights.

	1.4 QUALITY ASSURANCE
	A. NFPA Compliance:  Comply with the following NFPA standards:
	1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."
	2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."


	1.5 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed, are packaged with protective covering for storage, and are identified with labels describing contents.
	1. Fusible Links:  Furnish quantity equal to 10 percent of amount installed.



	PART 2 -  PRODUCTS
	2.1 SHEET METAL MATERIALS
	A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, 0TG900T2T (Z275)2T coating designation; mill-phosphatized finish for surfaces of ducts exposed to view.
	B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets, commercial quality, with oiled, exposed matte finish.
	C. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	D. Tie Rods:  Galvanized steel, 0T1/4-inch0T2T (6-mm)2T minimum diameter for 0T36-inch0T2T (900-mm)2T length or less; 0T3/8-inch0T2T (10-mm)2T minimum diameter for lengths longer than 0T36 inches0T2T (900 mm)2T.

	2.2 BACKDRAFT DAMPERS
	A. Description:  Suitable for horizontal or vertical installations.
	B. Frame:  0T0.052-inch-0T2T (1.3-mm-)2T thick, galvanized, sheet steel, with welded corners and mounting flange.
	C. Blades:  0T0.025-inch-0T2T (0.6-mm-)2T thick, roll-formed aluminum.
	D. Blade Seals:  Vinyl.
	E. Blade Axles:  Galvanized steel.
	F. Tie Bars and Brackets:  Galvanized steel.
	G. Return Spring:  Adjustable tension.

	2.3 MANUAL-VOLUME DAMPERS
	A. General:  Factory fabricated with required hardware and accessories.  Stiffen damper blades for stability.  Include locking device to hold single-blade dampers in a fixed position without vibration.  Close duct penetrations for damper components to...
	B. Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as indicated, standard leakage rating, with linkage outside airstream, and suitable for horizontal or vertical applications.
	1. Steel Frames:  Hat-shaped, galvanized, sheet steel channels, minimum of 0T0.064 inch0T2T (1.62 mm)2T thick, with mitered and welded corners; frames with flanges where indicated for attaching to walls; and flangeless frames where indicated for insta...
	2. Roll-Formed Steel Blades:  0T0.064-inch-0T2T (1.62-mm-)2T thick, galvanized, sheet steel.
	3. Blade Axles:  Galvanized steel.
	4. Tie Bars and Brackets:  Galvanized steel.

	C. Jackshaft:  0T1-inch-0T2T (25-mm-)2T diameter, galvanized steel pipe rotating within a pipe-bearing assembly mounted on supports at each mullion and at each end of multiple-damper assemblies.
	1. Length and Number of Mountings:  Appropriate to connect linkage of each damper of a multiple-damper assembly.

	D. Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 0T3/32-inch-0T2T (2.4-mm-)2T thick zinc-plated steel, and a 0T3/4-inch0T2T (19-mm)2T hexagon locking nut.  Include center hole to suit damper operating-rod size.  Include ele...

	2.4 FIRE DAMPERS
	A. General:  Labeled to UL 555.
	B. Fire Rating:  One and one-half hours.
	C. Fire Rating:  One and one-half hours.
	D. Frame:  SMACNA Type B with blades out of airstream; fabricated with roll-formed, 0T0.034-inch-0T2T (0.85-mm-)2T thick galvanized steel; with mitered and interlocking corners.
	E. Mounting Sleeve:  Factory- or field-installed galvanized, sheet steel.
	1. Minimum Thickness:  0T0.052 inch0T2T (1.3 mm)2T or 0T0.138 inch0T2T (3.5 mm)2T thick as indicated, and length to suit application.
	2. Exceptions:  Omit sleeve where damper frame width permits direct attachment of perimeter mounting angles on each side of wall or floor, and thickness of damper frame complies with sleeve requirements.

	F. Mounting Orientation:  Vertical or horizontal as indicated.
	G. Blades:  Roll-formed, interlocking, 0T0.034-inch-0T2T (0.85-mm-)2T thick, galvanized, sheet steel.  In place of interlocking blades, use full-length, 0T0.034-inch-0T2T (0.85-mm-)2T thick, galvanized steel blade connectors.
	H. Horizontal Dampers:  Include a blade lock and stainless-steel negator closure spring.
	I. Fusible Link:  Replaceable, 0T165 deg F0T2T (74 deg C)2T rated as indicated.

	2.5 TURNING VANES
	A. Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
	B. Acoustic Turning Vanes:  Fabricate of airfoil-shaped aluminum extrusions with perforated faces and fibrous-glass fill.

	2.6 DUCT-MOUNTED ACCESS DOORS AND PANELS
	A. General:  Fabricate doors and panels airtight and suitable for duct pressure class.
	B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets.
	C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and number of hinges and locks as indicated for duct pressure class.  Include vision panel where indicated.  Include 0T1-by-1-inch0T2T (25-by-25-mm)2T butt...
	D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber.
	E. Insulation:  0T1-inch-0T2T (25-mm-)2T thick, fibrous-glass or polystyrene-foam board.

	2.7 FLEXIBLE CONNECTORS
	A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with UL 181, Class 1.
	B. Standard Metal-Edged Connectors:  Factory fabricated with a strip of fabric 0T3-1/2 inches0T2T (89 mm)2T wide attached to two strips of 0T2-3/4-inch-0T2T (70-mm-)2T wide, 0T0.028-inch-0T2T (0.7-mm-)2T thick, galvanized, sheet steel or 0T0.032-inch0...
	C. Extra-Wide Metal-Edged Connectors:  Factory fabricated with a strip of fabric 0T5-3/4 inches0T2T (146 mm)2T wide attached to two strips of 0T2-3/4-inch-0T2T (70-mm-)2T wide, 0T0.028-inch-0T2T (0.7-mm-)2T thick, galvanized, sheet steel or 0T0.032-in...
	D. Transverse Metal-Edged Connectors:  Factory fabricated with a strip of fabric 0T3-1/2 inches0T2T (89 mm)2T wide attached to two strips of 0T4-3/8-inch-0T2T (111-mm-)2T wide, 0T0.028-inch-0T2T (0.7-mm-)2T thick, galvanized, sheet steel or 0T0.032-in...
	E. Conventional, Indoor System Flexible Connector Fabric:  Glass fabric double coated with polychloroprene.
	1. Minimum Weight:  0T26 oz./sq. yd.0T2T (880 g/sq. m)2T.
	2. Tensile Strength:  0T480 lbf/inch0T2T (84 N/mm)2T in the warp, and 0T360 lbf/inch0T2T (63 N/mm)2T in the filling.

	F. Conventional, Outdoor System Flexible Connector Fabric:  Glass fabric double coated with a synthetic-rubber, weatherproof coating resistant to the sun's ultraviolet rays and ozone environment.
	1. Minimum Weight:  0T26 oz./sq. yd.0T2T (880 g/sq. m)2T.
	2. Tensile Strength:  0T530 lbf/inch0T2T (93 N/mm)2T in the warp, and 0T440 lbf/inch0T2T (77 N/mm)2T in the filling.


	2.8 FLEXIBLE DUCTS
	A. General:  Comply with UL 181, Class 1.
	B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an outer jacket enclosing 0T1-1/2-inch-0T2T (38-mm-)2T thick, glass-fiber insulation around a continuous inner liner.
	1. Reinforcement:  Steel-wire helix encapsulated in inner liner.
	2. Outer Jacket:  Polyethylene film.
	3. Inner Liner:  Polyethylene film.

	C. Pressure Rating:  0T6-inch wg0T2T (1500 Pa)2T positive, 0T1/2-inch wg0T2T (125 Pa)2T negative.

	2.9 ACCESSORY HARDWARE
	A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap and gasket.  Size to allow insertion of pitot tube and other testing instruments, and length to suit duct insulation thickness.
	B. Splitter Damper Accessories:  Zinc-plated damper blade bracket; 0T1/4-inch0T2T (6-mm)2T, zinc-plated operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and square-head set screw.
	C. Flexible Duct Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band with a worm-gear action, in sizes 0T3 to 18 inches0T2T (75 to 450 mm)2T to suit duct size.
	D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass Duct Construction Standards" for fibrous-glass ducts.
	B. Install volume dampers in lined duct; avoid damage to and erosion of duct liner.
	C. Provide test holes at fan inlet and outlet and elsewhere as indicated.
	D. Install fire and smoke dampers according to manufacturer's UL-approved written instructions.
	1. Install fusible links in fire dampers.

	E. Install duct access panels for access to both sides of duct coils.  Install duct access panels downstream from volume dampers, fire dampers, turning vanes, and equipment.
	1. Install duct access panels to allow access to interior of ducts for cleaning, inspecting, adjusting, and maintaining accessories and terminal units.
	2. Install access panels on side of duct where adequate clearance is available.

	F. Label access doors according to Division 15 Section "Mechanical Identification."

	3.2 ADJUSTING
	A. Adjust duct accessories for proper settings.
	B. Adjust fire dampers for proper action.
	C. Final positioning of manual-volume dampers is specified in Division 15 Section "Testing, Adjusting, and Balancing."



	15837-fans
	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 centrifugal fans and vent sets.

	1.3 PERFORMANCE REQUIREMENTS
	A. Project Altitude:  Base air ratings on actual site elevations.
	B. Operating Limits:  Classify according to AMCA standards.

	1.4 SUBMITTALS
	A. Product Data:  Include rated capacities, furnished specialties, and accessories for each  unit scheduled and include the following:
	1. Certified fan performance curves with system operating conditions indicated.
	2. Certified fan sound-power ratings.
	3. Motor ratings and electrical characteristics, plus motor and electrical accessories.
	4. Material gages and finishes, including color charts.
	5. Dampers, including housings, linkages, and operators.

	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	1. Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between manufacturer-installed and field-installed wiring.

	C. Maintenance Data:  For centrifugal fans to include in maintenance manuals specified in Division 1.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. AMCA Compliance:  Products shall comply with performance requirements and shall be licensed to use the AMCA-Certified Ratings Seal.
	C. NEMA Compliance:  Motors and electrical accessories shall comply with NEMA standards.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver fans as factory-assembled units, to the extent allowable by shipping limitations, with protective crating and covering.
	B. Disassemble and reassemble units, as required for moving to the final location, according to manufacturer's written instructions.
	C. Lift and support units with manufacturer's designated lifting or supporting points.

	1.7 COORDINATION
	A. Coordinate size and location of structural support members and/or shaft locations.
	B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 7.

	1.8 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Belts:  One set for each belt-driven unit.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Cook, Loren Company.
	2. Greenheck.


	2.2 HOUSINGS
	A. Roof Mounted Centrifugal Exhaust Fan.
	1. The fan shall be of bolted and welded construction utilizing corrosion resistant fasteners.  The spun aluminum structural components shall be constructed of minimum 16 gauge marine alloy aluminum, bolted to a rigid aluminum support structure.  The ...


	2.3 WHEELS
	A. Roof Mounted Centrifugal Exhaust Fan
	1. Wheel shall be centrifugal backward inclined, constructed of 100% aluminum, including a precision machined cast aluminum hub.  Wheel inlet shall overlap an aerodynamic aluminum inlet cone to provide maximum performance and efficiency.  Wheel shall ...


	2.4 SHAFTS
	A. Statically and dynamically balanced and selected for continuous operation at maximum rated fan speed and motor horsepower, with final alignment and belt adjustment made after installation.
	B. Turned, ground, and polished hot-rolled steel with keyway.  Ship with a protective coating of lubricating oil.
	C. Designed to operate at no more than 70 percent of first critical speed at top of fan's speed range.

	2.5 BEARINGS
	A. Prelubricated and Sealed Shaft Bearings:  Self-aligning, pillow-block-type ball bearings.
	1. Ball-Bearing Rating Life:  ABMA 9, LR50R of 200,000 hours.
	2. Roller-Bearing Rating Life:  ABMA 11, LR50R of 200,000 hours.


	2.6 BELT DRIVES
	A. Description:  Factory mounted, with final alignment and belt adjustment made after installation.
	1. Service Factor Based on Fan Motor:  1.5.

	B. Fan Pulleys:  Cast iron or cast steel with split, tapered bushing; dynamically balanced at factory.
	C. Motor Pulleys:  Adjustable pitch for use with motors through 5 hp; fixed pitch for use with motors larger than 5 hp.  Select pulley so pitch adjustment is at the middle of adjustment range at fan design conditions.
	D. Belts:  Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives.
	E. Motor Mount:  Adjustable for belt tensioning.

	2.7 ACCESSORIES
	A. Scroll Access Doors:  Shaped to conform to scroll, with quick-opening latches and gaskets.
	B. Companion Flanges:  Galvanized steel, for duct connections.
	C. Scroll Drain Connection:  0TNPS 10T2T (DN 25)2T steel pipe coupling welded to low point of fan scroll.
	D. Shaft Cooler:  Metal disk between bearings and fan wheel, designed to dissipate heat from shaft.
	E. Spark-Resistant Construction:  AMCA 99  (where required).
	F. Shaft Seals:  Airtight seals installed around shaft on drive side of single-width fans.
	G. Weather Cover:  Enameled-steel sheet with ventilation slots, bolted to housing.

	2.8 MOTORS
	A. Refer to Division 15 Section "Motors" for general requirements for factory-installed motors.
	B. Motor Construction:  NEMA MG 1, general purpose, continuous duty, high efficiency, Design B.
	C. Enclosure Type:  [Open dripproof] [Totally enclosed, fan cooled].

	2.9 SOURCE QUALITY CONTROL
	A. Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound Ratings from Laboratory Test Data."  Factory test fans according to AMCA 300, "Reverberant Room Method for Sound Testing of Fans."  Label fans with the AMCA-Certif...
	B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of rotation, and efficiency by factory tests and ratings according to AMCA 210, "Laboratory Methods of Testing Fans for Rating."


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install centrifugal fans level and plumb.
	B. Install units with clearances for service and maintenance.
	C. Label fans according to requirements specified in Division 15 Section "Mechanical Identification."

	3.2 CONNECTIONS
	A. Duct installation and connection requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of ducts and duct accessories.  Make final duct connections with flexible connectors.  Flexible connectors are specifi...
	B. Install ducts adjacent to fans to allow service and maintenance.
	C. Ground equipment.
	D. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

	3.3 FIELD QUALITY CONTROL
	A. Equipment Startup Checks:
	1. Verify that shipping, blocking, and bracing are removed.
	2. Verify that unit is secure on mountings and supporting devices and that connections to ducts and electrical components are complete.  Verify that proper thermal-overload protection is installed in motors, starters, and disconnect switches.
	3. Verify that cleaning and adjusting are complete.
	4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free rotation and smooth bearing operation.  Reconnect fan drive system, align and adjust belts, and install belt guards.
	5. Verify lubrication for bearings and other moving parts.

	B. Starting Procedures:
	1. Energize motor and adjust fan to indicated rpm.
	2. Measure and record motor voltage and amperage.

	C. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.  Remove malfunctioning units, replace with new units, and retest.
	D. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
	E. Shut unit down and reconnect automatic temperature-control operators.
	F. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for testing, adjusting, and balancing procedures.
	G. Replace fan and motor pulleys as required to achieve design airflow.
	H. Repair or replace malfunctioning units.  Retest as specified above after repairs or replacements are made.

	3.4 ADJUSTING
	A. Adjust damper linkages for proper damper operation.
	B. Adjust belt tension.
	C. Lubricate bearings.

	3.5 CLEANING
	A. On completion of installation, internally clean fans according to manufacturer's written instructions.  Remove foreign material and construction debris.  Vacuum fan wheel and cabinet.
	B. After completing system installation, including outlet fitting and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finishes.

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain centrifugal fans.
	1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining equipment and schedules.
	2. Review data in maintenance manuals.  Refer to Division 1 Section "Closeout Procedures."
	3. Schedule training with Owner, through Architect, with at least seven days' advance notice.




	15855-Registers
	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 ceiling- and wall-mounted diffusers, registers, and grilles.
	B. Related Sections include the following:
	1. Division 10 Sections for fixed and adjustable louvers and wall vents, whether or not they are connected to ducts.
	2. Division 15 Section "Duct Accessories" for fire and smoke dampers and volume-control dampers not integral to diffusers, registers, and grilles.
	3. Division 15 Section "Testing, Adjusting, and Balancing" for balancing diffusers, registers, and grilles.


	1.3 DEFINITIONS
	A. Diffuser:  Circular, square, or rectangular air distribution outlet, generally located in the ceiling and comprised of deflecting members discharging supply air in various directions and planes and arranged to promote mixing of primary air with sec...
	B. Grille:  A louvered or perforated covering for an opening in an air passage, which can be located in a sidewall, ceiling, or floor.
	C. Register:  A combination grille and damper assembly over an air opening.

	1.4 SUBMITTALS
	A. Product Data:  For each model indicated, include the following:
	1. Data Sheet:  For each type of air outlet and inlet, and accessory furnished; indicate construction, finish, and mounting details.
	2. Performance Data:  Include throw and drop, static-pressure drop, and noise ratings for each type of air outlet and inlet.
	3. Schedule of diffusers, registers, and grilles indicating drawing designation, room location, quantity, model number, size, and accessories furnished.
	4. Assembly Drawing:  For each type of air outlet and inlet; indicate materials and methods of assembly of components.

	B. Coordination Drawings:  Reflected ceiling plans and wall elevations drawn to scale to show locations and coordination of diffusers, registers, and grilles with other items installed in ceilings and walls.

	1.5 QUALITY ASSURANCE
	A. NFPA Compliance:  Install diffusers, registers, and grilles according to NFPA 90A, "Standard for the Installation of Air-Conditioning and Ventilating Systems."


	PART 2 -  PRODUCTS
	2.1 MANUFACTURED UNITS
	A. Diffusers, registers, and grilles are scheduled on Drawings.
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Titus.
	2.  Price


	2.2 SOURCE QUALITY CONTROL
	A. Testing:  Test performance according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements for installation tolerances and other conditions affecting performance of equipment.  Do not proceed with installation until unsatisfactory c...

	3.2 INSTALLATION
	A. Install diffusers, registers, and grilles level and plumb, according to manufacturer's written instructions, Coordination Drawings, original design, and referenced standards.
	B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and accessories.  Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, thro...
	C. Install diffusers, registers, and grilles with airtight connection to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

	3.3 ADJUSTING
	A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.

	3.4 CLEANING
	A. After installation of diffusers, registers, and grilles, inspect exposed finish.  Clean exposed surfaces to remove burrs, dirt, and smudges.  Replace diffusers, registers, and grilles that have damaged finishes.



	15990-Testing
	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 testing, adjusting, and balancing HVAC systems to produce design objectives, including the following:
	1. Balancing airflow within distribution systems, including submains, branches, and terminals, to indicated quantities according to specified tolerances.
	2. Adjusting total HVAC systems to provide indicated quantities.
	3. Measuring electrical performance of HVAC equipment.
	4. Setting quantitative performance of HVAC equipment.
	5. Verifying that automatic control devices are functioning properly.
	6. Reporting results of the activities and procedures specified in this Section.

	B. Related Sections include the following:
	1. Testing and adjusting requirements unique to particular systems and equipment are included in the Sections that specify those systems and equipment.
	2. Field quality-control testing to verify that workmanship quality for system and equipment installation is specified in system and equipment Sections.


	1.3 DEFINITIONS
	A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce fan speed or adjust a damper.
	B. Balance:  To proportion flows within the distribution system, including submains, branches, and terminals, according to design quantities.
	C. Draft:  A current of air, when referring to localized effect caused by one or more factors of high air velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn from a person's skin than is normally dissipated.
	D. Procedure:  An approach to and execution of a sequence of work operations to yield repeatable results.
	E. Report Forms:  Test data sheets for recording test data in logical order.
	F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  In a closed system, static head is equal on both sides of the pump.
	G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction side.
	H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	I. System Effect Factors:  Allowances used to calculate a reduction of the performance ratings of a fan when installed under conditions different from those presented when the fan was performance tested.
	J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves the distribution system.
	K. Test:  A procedure to determine quantitative performance of a system or equipment.
	L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and reporting the testing, adjusting, and balancing procedures.
	M. AABC:  Associated Air Balance Council.
	N. CTI:  Cooling Tower Institute.
	O. NEBB:  National Environmental Balancing Bureau.
	P. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association.

	1.4 SUBMITTALS
	A. Quality-Assurance Submittals:  Within 30 days from the Contractor's Notice to Proceed, submit 2 copies of evidence that the testing, adjusting, and balancing Agent and this Project's testing, adjusting, and balancing team members meet the qualifica...
	B. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as specified in this Section, on approved forms certified by the testing, adjusting, and balancing Agent.
	C. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below.

	1.5 QUALITY ASSURANCE
	A. Agent Qualifications for larger projects:  Engage a testing, adjusting, and balancing agent certified by AABC.
	B. Agent Qualifications for smaller projects:  Engage a testing, adjusting, and balancing agent certified by NEBB.
	C. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, and balancing field data reports.  This certification includes the following:
	1. Review field data reports to validate accuracy of data and to prepare certified testing, adjusting, and balancing reports.
	2. Certify that the testing, adjusting, and balancing team complied with the approved testing, adjusting, and balancing plan and the procedures specified and referenced in this Specification.

	D. Testing, Adjusting, and Balancing Reports:  Use standard forms from AABC's "National Standards for Testing, Adjusting, and Balancing."
	E. Testing, Adjusting, and Balancing Reports:  Use standard forms from NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems."
	F. Instrumentation Type, Quantity, and Accuracy:  As described in AABC national standards.
	G. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required Instrumentation for NEBB Certification."
	H. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if required by the instrument manufacturer.

	1.6 PROJECT CONDITIONS
	A. Partial Owner Occupancy:  The Owner may occupy completed areas of the building before Substantial Completion.  Cooperate with the Owner during testing, adjusting, and balancing operations to minimize conflicts with the Owner's operations.

	1.7 COORDINATION
	A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC controls installers, and other mechanics to operate HVAC systems and equipment to support and assist testing, adjusting, and balancing activities.
	B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and times.
	C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water distribution systems have been satisfactorily completed.

	1.8 WARRANTY
	A. General Warranty:  The national project performance guarantee specified in this Article shall not deprive the Owner of other rights the Owner may have under other provisions of the Contract Documents and shall be in addition to, and run concurrent ...


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine Contract Documents to become familiar with project requirements and to discover conditions in systems' designs that may preclude proper testing, adjusting, and balancing of systems and equipment.
	1. Contract Documents are defined in the General and Supplementary Conditions of the Contract.
	2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are required by the Contract Documents.  Verify that quantities and locations of these...

	B. Examine approved submittal data of HVAC systems and equipment.
	C. Examine project record documents described in Division 1.
	D. Examine Architect's and Engineer's design data, including HVAC system descriptions, statements of design assumptions for environmental conditions and systems' output, and statements of philosophies and assumptions about HVAC system and equipment co...
	E. Examine equipment performance data, including fan and pump curves.  Relate performance data to project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or...
	F. Examine system and equipment installations to verify that they are complete and that testing, cleaning, adjusting, and commissioning specified in individual Specification Sections have been performed.
	G. Examine system and equipment test reports.
	H. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are properly installed, a...
	I. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.
	J. Examine air-handling equipment to ensure clean filters have been installed, bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	K. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify that they are accessible and their controls are connected and functioning.
	L. Examine equipment for installation and for properly operating safety interlocks and controls.
	M. Examine automatic temperature system components to verify the following:
	1. Dampers, valves, and other controlled devices operate by the intended controller.
	2. Dampers and valves are in the position indicated by the controller.
	3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and fully open positions.  This includes dampers in multizone units, mixing boxes, and variable-air-volume terminals.
	4. Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and cold walls.
	5. Sensors are located to sense only the intended conditions.
	6. Sequence of operation for control modes is according to the Contract Documents.
	7. Controller set points are set at design values.  Observe and record system reactions to changes in conditions.  Record default set points if different from design values.
	8. Interlocked systems are operating.
	9. Changeover from heating to cooling mode occurs according to design values.

	N. Report deficiencies discovered before and during performance of testing, adjusting, and balancing procedures.

	3.2 PREPARATION
	A. Complete system readiness checks and prepare system readiness reports.  Verify the following:
	1. Permanent electrical power wiring is complete.
	2. Automatic temperature-control systems are operational.
	3. Equipment and duct access doors are securely closed.
	4. Balance, fire dampers are open.
	5. Ceilings are installed in critical areas where air-pattern adjustments are required and access to balancing devices is provided.
	6. Windows and doors can be closed so design conditions for system operations can be met.


	3.3 GENERAL TESTING AND BALANCING PROCEDURES
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC national standards and this Section.
	B. Perform testing and balancing procedures on each system according to the procedures contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and this Section.
	C. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary to allow adequate performance of procedures.  After testing and balancing, close probe holes and patch insulation with new material...
	D. Mark equipment settings with paint or other suitable, permanent identification material, including damper-control positions, valve indicators, fan-speed-control levers, and similar controls and devices, to show final settings.

	3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES
	A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.
	B. Prepare schematic diagrams of systems' "as-built" duct layouts.
	C. For variable-air-volume systems, develop a plan to simulate diversity.
	D. Check the airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air dampers, through the supply-fan discharge and mixing dampers.
	E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	F. Verify that motor starters are equipped with properly sized thermal protection.
	G. Check dampers for proper position to achieve desired airflow path.
	H. Check for airflow blockages.
	I. Check condensate drains for proper connections and functioning.
	J. Check for proper sealing of air-handling unit components.

	3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES
	A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air systems.
	B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by the fan manufacturer.
	1. Measure fan static pressures to determine actual static pressure as follows:
	a. Measure outlet static pressure as far downstream from the fan as practicable and upstream from restrictions in ducts such as elbows and transitions.
	b. Measure static pressure directly at the fan outlet or through the flexible connection.
	c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible, upstream from flexible connection and downstream from duct restrictions.

	2. Measure static pressure across each air-handling unit component.
	a. Simulate dirty filter operation and record the point at which maintenance personnel must change filters.

	3. Compare design data with installed conditions to determine variations in design static pressures versus actual static pressures.  Compare actual system effect factors with calculated system effect factors to identify where variations occur.  Recomm...
	4. Adjust fan speed higher or lower than design with the approval of the Architect.  Make required adjustments to pulley sizes, motor sizes, and electrical connections to accommodate fan-speed changes.
	5. Do not make fan-speed adjustments that result in motor overload.  Consult equipment manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor amperage to ensure no overload will occur.  Measure amperage in full cooling, ...

	C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to design airflows within specified tolerances.
	1. Measure static pressure at a point downstream from the balancing damper and adjust volume dampers until the proper static pressure is achieved.
	a. Where sufficient space in submains and branch ducts is unavailable for Pitot-tube traverse measurements, measure airflow at terminal outlets and inlets and calculate the total airflow for that zone.

	2. Remeasure each submain and branch duct after all have been adjusted.  Continue to adjust submains and branch ducts to design airflows within specified tolerances.

	D. Measure terminal outlets and inlets without making adjustments.
	1. Measure terminal outlets using a direct-reading hood or the outlet manufacturer's written instructions and calculating factors.

	E. Adjust terminal outlets and inlets for each space to design airflows within specified tolerances of design values.  Make adjustments using volume dampers rather than extractors and the dampers at the air terminals.
	1. Adjust each outlet in the same room or space to within specified tolerances of design quantities without generating noise levels above the limitations prescribed by the Contract Documents.
	2. Adjust patterns of adjustable outlets for proper distribution without drafts.


	3.6 MOTORS
	A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:
	1. Manufacturer, model, and serial numbers.
	2. Motor horsepower rating.
	3. Motor rpm.
	4. Efficiency rating if high-efficiency motor.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter thermal-protection-element rating.

	B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from minimum to maximum.  Test the manual bypass for the controller to prove proper operation.  Record observations, including controller manufacturer, mo...

	3.7 CONDENSING UNITS
	A. Verify proper rotation of fans and measure entering- and leaving-air temperatures.  Record compressor data.

	3.8 HEAT-TRANSFER COILS
	A. Electric-Heating Coils:  Measure the following data for each coil:
	1. Nameplate data.
	2. Airflow.
	3. Entering- and leaving-air temperatures at full load.
	4. Voltage and amperage input of each phase at full load and at each incremental stage.
	5. Calculated kW at full load.
	6. Fuse or circuit-breaker rating for overload protection.


	3.9 TEMPERATURE TESTING
	A. During testing, adjusting, and balancing, report need for adjustment in temperature regulation within the automatic temperature-control system.
	B. Measure outside-air, wet- and dry-bulb temperatures.

	3.10 TEMPERATURE-CONTROL VERIFICATION
	A. Verify that controllers are calibrated and commissioned.
	B. Check transmitter and controller locations and note conditions that would adversely affect control functions.
	C. Record controller settings and note variances between set points and actual measurements.
	D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers).
	E. Verify free travel and proper operation of control devices such as damper and valve operators.
	F. Verify sequence of operation of control devices.  Note air pressures and device positions and correlate with airflow and water-flow measurements.  Note the speed of response to input changes.
	G. Confirm interaction of electrically operated switch transducers.
	H. Confirm interaction of interlock and lockout systems.
	I. Verify main control supply-air pressure and observe compressor and dryer operations.
	J. Record voltages of power supply and controller output.  Determine if the system operates on a grounded or nongrounded power supply.
	K. Note operation of electric actuators using spring return for proper fail-safe operations.

	3.11 TOLERANCES
	A. Set HVAC system airflow and water flow rates within the following tolerances:
	1. Supply  and Exhaust Fans:  Plus 5 to plus 10 percent.
	2. Air Outlets and Inlets:  0 to minus 10 percent.
	3. Cooling-Water Flow Rate:  0 to minus 5 percent.


	3.12 FINAL REPORT
	A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-ring binder, tabulated and divided into sections by tested and balanced systems.
	B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing engineer.
	1. Include a list of the instruments used for procedures, along with proof of calibration.

	C. Final Report Contents:  In addition to the certified field report data, include the following:
	1. Fan curves.
	2. Manufacturers' test data.
	3. Field test reports prepared by system and equipment installers.
	4. Other information relative to equipment performance, but do not include approved Shop Drawings and Product Data.

	D. General Report Data:  In addition to the form titles and entries, include the following data in the final report, as applicable:
	1. Title page.
	2. Name and address of testing, adjusting, and balancing Agent.
	3. Project name.
	4. Project location.
	5. Architect's name and address.
	6. Engineer's name and address.
	7. Contractor's name and address.
	8. Report date.
	9. Signature of testing, adjusting, and balancing Agent who certifies the report.
	10. Summary of contents, including the following:
	a. Design versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	11. Nomenclature sheets for each item of equipment.
	12. Data for terminal units, including manufacturer, type size, and fittings.
	13. Notes to explain why certain final data in the body of reports vary from design values.
	14. Test conditions for fans and pump performance forms, including the following:
	a. Settings for outside-, return-, and exhaust-air dampers.
	b. Conditions of filters.
	c. Cooling coil, wet- and dry-bulb conditions.
	d. Face and bypass damper settings at coils.
	e. Fan drive settings, including settings and percentage of maximum pitch diameter.
	f. Settings for supply-air, static-pressure controller.
	g. Other system operating conditions that affect performance.


	E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present with single-line diagrams and include the following:
	1. Quantities of outside, supply, return, and exhaust airflows.
	2. Water and steam flow rates.
	3. Duct, outlet, and inlet sizes.
	4. Pipe and valve sizes and locations.
	5. Terminal units.
	6. Balancing stations.

	F. Roof Top Unit Test Reports:  For air-handling units with coils, include the following:
	1. Unit Data:  Include the following:
	a. Unit identification.
	b. Location.
	c. Make and type.
	d. Model number and unit size.
	e. Manufacturer's serial number.
	f. Unit arrangement and class.
	g. Discharge arrangement.
	h. Sheave make, size in 0Tinches0T2T (mm)2T, and bore.
	i. Number of belts, make, and size.
	j. Number of filters, type, and size.

	2. Motor Data:  Include the following:
	a. Make and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.

	3. Test Data:  Include design and actual values for the following:
	a. Total airflow rate in 0Tcfm0T2T (L/s)2T.
	b. Total system static pressure in 0Tinches wg0T2T (Pa)2T.
	c. Fan rpm.
	d. Discharge static pressure in 0Tinches wg0T2T (Pa)2T.
	e. Preheat coil static-pressure differential in 0Tinches wg0T2T (Pa)2T.
	f. Cooling coil static-pressure differential in 0Tinches wg0T2T (Pa)2T.
	g. Heating coil static-pressure differential in 0Tinches wg0T2T (Pa)2T.
	h. Outside airflow in 0Tcfm0T2T (L/s)2T.
	i. Return airflow in 0Tcfm0T2T (L/s)2T.
	j. Outside-air damper position.
	k. Return-air damper position.
	l. Discharge air temperature


	G. Electric-Coil Test Reports:  For electric duct coils, and electric coils installed in central-station air-handling units, include the following:
	1. Unit Data:  Include the following:
	a. System identification.
	b. Location.
	c. Coil identification.
	d. Capacity in 0TBtuh0T2T (kW)2T.
	e. Number of stages.
	f. Connected volts, phase, and hertz.
	g. Rated amperage.
	h. Discharge air temperature

	2. Test Data:  Include design and actual values for the following:
	a. Heat output in 0TBtuh0T2T (kW)2T.
	b. Airflow rate in 0Tcfm0T2T (L/s)2T.
	c. Air velocity in 0Tfpm0T2T (m/s)2T.
	d. Entering-air temperature in 0Tdeg F0T2T (deg C)2T.
	e. Leaving-air temperature in 0Tdeg F0T2T (deg C)2T.
	f. Voltage at each connection.
	g. Amperage for each phase.


	H. Fan Test Reports:  For exhaust fans, include the following:
	1. Fan Data:  Include the following:
	a. System identification.
	b. Location.
	c. Make and type.
	d. Model number and size.
	e. Manufacturer's serial number.
	f. Arrangement and class.

	2. Motor Data:  Include the following:
	a. Make and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Number of belts, make, and size.

	3. Test Data:  Include design and actual values for the following:
	a. Total airflow rate in 0Tcfm0T2T (L/s)2T.
	b. Total system static pressure in 0Tinches wg0T2T (Pa)2T.
	c. Fan rpm.
	d. Discharge static pressure in 0Tinches wg0T2T (Pa)2T.
	e. Suction static pressure in 0Tinches wg0T2T (Pa)2T.


	I. Condenser Reports:  For refrigerant side of unitary systems, stand-alone refrigerant compressors, air-cooled condensing units,  include the following:
	1. Unit Data:  Include the following:
	a. Unit identification.
	b. Location.
	c. Unit make and model number.
	d. Manufacturer's compressor serial numbers.
	e. Compressor make.
	f. Compressor model and serial numbers.
	g. Refrigerant weight in 0Tlb0T2T (kg)2T.

	2. Test Data:  Include design and actual values for the following:
	a. Entering-air, dry-bulb temperature in 0Tdeg F0T2T (deg C)2T.
	b. Leaving-air, dry-bulb temperature in 0Tdeg F0T2T (deg C)2T.
	c. Control settings.
	d. Unloader set points.
	e. Low-pressure-cutout set point in 0Tpsig0T2T (kPa)2T.
	f. High-pressure-cutout set point in 0Tpsig0T2T (kPa)2T.
	g. Suction pressure in 0Tpsig0T2T (kPa)2T.
	h. Suction temperature in 0Tdeg F0T2T (deg C)2T.
	i. Condenser refrigerant pressure in 0Tpsig0T2T (kPa)2T.
	j. Condenser refrigerant temperature in 0Tdeg F0T2T (deg C)2T.
	k. Oil pressure in 0Tpsig0T2T (kPa)2T.
	l. Oil temperature in 0Tdeg F0T2T (deg C)2T.
	m. Voltage at each connection.
	n. Amperage for each phase.
	o. The kW input.
	p. Number of fans.



	3.13 ADDITIONAL TESTS
	A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and balancing to verify that balanced conditions are being maintained throughout and to correct unusual conditions.




	ELECTRICAL
	16010-SumELEC
	16020 - Basic Elec Requirments
	PART 1 – GENERAL
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions, Division 1 Specification Sections and all relevant documents shall form a part of this Division of the Specifications, and shall be incorporated in this Section and each D...
	B. The Contractor shall examine and coordinate with all Contract Drawings and Specifications, and all Addenda issued.  Failure to comply shall not relieve him of responsibility.  The omission of details of other portions of the work from this Division...
	C. The specific features and details for other portions of the work related to the construction in progress or to the adjacent building shall be determined by examination at the site.

	1.2 SCOPE OF WORK
	A. The requirements contained in this Section apply to all work performed under Division 16 of these Specifications.
	B. The work covered by this Division of the Specifications comprises the furnishing of labor, material, equipment, transportation, tools and services, and performing operations required for, and reasonably incidental to, the installation of the work i...
	C. Refer to other Divisions of the Specifications for related work.

	1.3 DEFINITION OF "CONTRACTOR"
	A. Where the word "Contractor" is used under any Section of this Division of the Specifications, it shall mean the Contractor engaged to execute the work included under that Section, even though this Contractor may be technically described as a Subcon...
	B. If the Contractor, engaged to execute a portion of the work, employs a Subcontractor to perform some of that work, he shall be completely responsible for the proper execution of this Subcontractor’s work, in full conformity with the Contract Docume...

	1.4 RESPONSIBILITY OF THE CONTRACTOR
	A. The Contractor shall be responsible for all work of every description in connection with this Division of the Specifications.  The Contractor shall specifically and distinctly assume, and does so assume, all risk for damage or injury from whatever ...
	B. The Contractor will be held responsible for the satisfactory execution and completion of the work in accordance with the true intent of the Contract Documents.  The Contractor shall provide without extra charge all incidental items required as part...

	1.5 TERMINOLOGY
	A. Whenever the words "furnish", "provide", "furnish and install", "provide and install", and similar phrases occur, it is the intent that the materials, equipment and devices described be furnished, installed and connected under this Division, comple...
	B. It is also the intent, unless specifically noted to the contrary, that all materials, equipment and devices described and specified under this Division of the Specifications be similarly furnished, installed and connected under this Division, wheth...
	C. Whenever the words “Owner’s Representative” occurs, it is intended to refer to the Architect, Engineer and/or specific Owner’s Representative responsible for or capable of providing the necessary direction pertaining to the referenced issue.

	1.6 ORDINANCES, PERMITS AND CODES
	A. It shall be the Contractor's duty to perform the work and provide the materials covered by these specifications in conformance with all ordinances and regulations of all authorities having jurisdiction.
	B. All work herein shall conform to all applicable laws, ordinances and regulations of the local utility companies.
	C. The Contractor shall obtain and pay for all permit and connection fees as required for the complete installation of the specified systems, equipment, devices and materials.
	D. The Contractor shall obtain permits, plan checks, inspections and approvals applicable to the work as required by the regulatory authorities.  Fees and costs of any nature whatsoever incidental to these permits, inspections and approvals shall be a...
	E. The work shall be in accordance with, but shall not be limited to, the requirements of:
	1 National Fire Protection Association
	2 National Electrical Code
	3 National Safety Code
	4 State of Texas Safety Code
	5.         Local City Building Codes
	6.         State of Texas Building Codes

	F. Codes and standards referred to are minimum standards.  Where the requirements of the Drawings or Specifications exceed those of the codes and regulations, the Drawings and Specifications govern.

	1.7 MATERIALS, EQUIPMENT AND DEVICE DESCRIPTION
	A. Materials, equipment and devices shall be of the best quality customarily applied in quality commercial practice, and shall be the products of reputable manufacturers.  Each major component shall bear a nameplate giving the name and address of the ...
	B. Materials, equipment and devices furnished under this Division of the Specifications shall be essentially the standard product of the specified manufacturer, or where allowed, an alternate manufacturer.  Where two or more units of the same kind or ...
	C. In describing the various materials, equipment and devices, in general each item will be described singularly, even though there may be a multiplicity of identical items.  Also, where the description is only general in nature, exact sizes, duties, ...
	D. Space allocations for materials, equipment and devices have been made on the basis of present and known future requirements and the dimensions of items of equipment or devices of a particular manufacturer whether indicated or not.  The Contractor s...

	1.8 QUALITY ASSURANCE
	A. Materials, equipment and devices shall be new and of the quality specified, and shall be free from defects at the time of installation.  Materials, equipment and devices damaged in shipment or otherwise damaged or found defective prior to acceptanc...
	B. Wherever a UL standard has been established for a particular type of material, equipment or device, each item of such material, equipment or device provided on this project shall meet the requirements of the UL standard in every way, and shall be U...

	1.9 REFERENCE STANDARDS
	A. Materials, equipment, devices and workmanship shall comply with applicable local, county, state and national codes, laws and ordinances, utility company regulations and industry standards.
	B. In case of differences between building codes, state laws, local ordinances, industry standards, utility company regulations and the Contract Documents, the most stringent shall govern.  The Contractor shall promptly notify the Owner's Representati...
	C. In addition to the aforementioned ordinances, industry standards published by the following organizations shall apply:

	1.10 DRAWINGS AND SPECIFICATIONS
	A. The interrelation of the Drawings (including the schedules) and the Specifications are as follows:
	1 The Drawings establish quantities, locations, dimensions and details of materials, equipment and devices.  The schedules on the Drawings indicate the capacities, characteristics and components.
	2 The Specifications provide written requirements for the quality, standard and nature of the materials, equipment, devices and construction systems.

	B. The Drawings and Specifications shall be considered as being compatible; therefore, the work called for by one and not by the other shall be furnished and installed as though called for by both.  Resolution of conflicts between Drawings and Specifi...
	1 If the Drawings and Specifications disagree in themselves, or with each other, the Contractor's pricing shall be based on furnishing and installing the most expensive combination of quality and quantity of work indicated for a complete operable syst...
	2 The Contractor shall be responsible for bringing any conflicts in the Drawings and the Specifications to the attention of the Owner's Representative immediately, prior to bid date.
	3 In general, if there is conflict between the Drawings and Specifications, the Drawings shall govern the Specifications.
	4 Where the Specifications do not fully agree with schedules on the Drawings, the schedules shall govern.  Actual numerical dimensions indicated on the Drawings govern scale measurements and large scale details govern small scale drawings.
	5 Materials, equipment and devices called for on the Drawings and not indicated herein, shall be completely provided and installed as though it were fully described herein.
	6 Materials, equipment and devices called for herein shall be completely provided and installed, whether or not it is fully detailed, scheduled or indicated on the Drawings.

	C. The Contractor shall examine the Drawings and Specifications of the other portions of the work for fixtures and finishes in connection with this work.  The Contractor shall carefully examine the Drawings to determine the general construction condit...
	D. When discrepancies exist between scale and dimension, or between the Drawings of the various portions of the work, they shall be called to the attention of the Owner's Representative for further instruction, whose instructions shall be final and bi...
	E. Review the construction details of the building(s) as illustrated on the Drawings of the other portions of the work, i.e., architectural, structural, civil, landscape, etc., and be guided thereby.  Route conduits and set all boxes as required by th...
	F. The Drawings diagrammatically show the sizes and locations of the various equipment and devices, and the sizes of the major interconnecting wires, without showing exact details as to elevations, offsets, control wiring and other installation requir...
	G. The Drawings and Specifications are intended to describe and illustrate systems which will not interfere with the structure of the building(s), fit into the available spaces, and insure complete and satisfactory operating installations.  Prepare in...
	H. The Drawings do not indicate the existing electrical installations other than to identify modifications or extensions thereto.  Visit the site and ascertain the conditions to be met and the work to be accomplished in removing and modifying the exis...

	1.11 SUBMITTALS
	A. Submit product data and shop drawings in accordance with Division 1 of the Specifications.
	B. Process product data and shop drawings to insure that the proposed materials, equipment and devices conform to the requirements of the Contract Documents, and that there are no omissions or duplications.  Provide layouts, fabrication information an...
	C. Submittals shall be provided for review and approval on all systems, equipment, devices and materials proposed for use on this project.  Submittals shall include, but not be limited to, the following:
	1 Lighting and Appliance Panelboards
	2 Disconnect Switches
	3 Circuit Breakers and Fuses
	4 Materials:  conduit, conductors, connectors, supports, etc.
	5 Lighting Fixtures, Lamps and Control Systems/Devices
	6 Wiring Devices
	7 Transformers
	8 Distribution Panelboards
	9 Motor Control Center
	10 As indicated on each submittal section

	D. The product data shall not consist of manufacturer's catalogs or cut sheets that contain no indication of the exact item offered.  The submission on individual items shall designate the exact item offered.
	E. Do not submit detailed quantitative listings of materials, equipment and devices.  It is the Contractor's responsibility to provide proper sizes and quantities to conform to Contract Documents.
	F. Assemble submittals on related items procured from a single manufacturer in bound brochures or other suitable package form, rather than submitting a multiplicity of loose sheets.
	G. Prepare shop drawings whenever equipment proposed varies in physical size and arrangement from that indicated thus causing rearrangement of equipment space, where tight spaces require extreme coordination between this work and other work, where cal...
	H. The Contractor shall sign the submittal as an indication of compliance with the Contract Documents.  If there are any deviations from the Contract Documents, he shall so indicate on the submittal.  Any deviations not so indicated shall be cause for...

	1.12 SUBSTITUTIONS
	A. Where a single manufacturer is mentioned by trade name or manufacturer's name, unless specifically noted otherwise, it is the only manufacturer that will be accepted.
	B. Where multiple manufacturers are listed, none other than those manufacturers will be accepted.
	C. Manufacturers not listed will be considered for substitution prior to bid only.  The substitute manufacturer shall submit a complete copy of the appropriate technical specification section minimum seven (7) business days prior to bid with each sub-...
	1 By noting the term "compliance" or "C", it shall be understood that the manufacturer is in full compliance with the item specified and will provide exactly the same with no deviations.
	2 By noting the term "deviation" or "D", it shall be understood that the manufacturer prefers to provide a different component in lieu of that specified.  Manufacturer shall indicate all deviations.
	3 By noting the term "alternate" or "A", it shall be understood that the manufacturer proposes to provide the same operating function but prefers to do it in a different manner.  An alternate shall be fully described as to what the manufacturer propos...
	4 By noting the term “not applicable” or “N/A”, it shall be understood that the specified item is not applicable to the project.

	D. It shall be understood that space allocations have been made on the basis of present and known future requirements and the dimensions of items of equipment or devices of a particular manufacturer whether indicated or not.  If any item of equipment ...
	E. Where substitute equipment or devices requiring different arrangement or connections from that indicated is accepted by the Owner's Representative, install the equipment or devices to operate properly and in harmony with the intent of the Contract ...
	F. The Owner's Representative reserves the right to call for samples of any item of material, equipment or device offered in substitution, together with a sample of the specific item when, in their opinion, the quality of the item and/or the appearanc...
	G. When any request for a substitution of material, equipment or device is submitted and rejected, the item named in the Contract Documents shall be furnished.  Repetitive submittal of substitutions for the same item will not be considered.

	1.13 INSTALLATION DRAWINGS
	A. Prepare installation drawings for coordinating the work of this Division with the work of other Divisions, to illustrate its concealment in finished spaces, to avoid obstructions, and to demonstrate the adaptability of any item of material, equipme...
	B. Use these drawings in the field for the actual installation of this work.  Provide three (3) copies, not for approval, to the Owner's Representative for his information,  review and record.

	1.14 WORKMANSHIP AND INSTALLATION
	A. In no case shall the Contractor provide a class of material, equipment, device or workmanship less than that required by the Contract Documents or applicable codes, regulations, ordinances or standards.  All modifications which may be required by a...
	B. The work shall be performed by properly licensed technicians skilled in their respective trades.  All materials, equipment and devices shall be installed in accordance with the recommendations of the manufacturer and in the best standard practice t...
	C. The NECA "Standards of Installation" as published by the National Electrical Contractors Association shall be considered a part of these Specifications, except as specifically modified by other provisions contained in these Specifications.

	1.15 INSPECTION OF SITE
	A. The accompanying drawings do not indicate existing installations other than to identify modifications of and extensions thereto.  The Contractor shall visit the site, inspect the installations and ascertain the conditions to be met and the work to ...
	B. Review construction details of the adjacent building presently under construction during the site inspection and include all work required to modify the existing installations and install new materials, comprising a part of the installation.  Revie...

	1.16 WARRANTY
	A. All materials, equipment, devices and workmanship shall be warranted for a period of one year from the date of acceptance by the Owner's Representative for beneficial use by the Owner, except that where specific equipment is noted to have extended ...
	B. The Contractor shall furnish to the Owner's Representative for transmittal to the Owner, the name, address and telephone number of those persons responsible for service on systems and equipment covered by the warranty.

	1.17 OPERATION PRIOR TO ACCEPTANCE
	A. When any equipment is operable, and it is to the advantage of the Contractor to operate the equipment, the Contractor may do so provided that he properly supervises the operation, and retains full responsibility for the equipment operated.  Regardl...

	1.18 INSTRUCTION OF OWNER'S PERSONNEL
	A. Provide the services of competent engineers and/or technicians acceptable to the Owner's Representative to instruct other representatives of the Owner in the complete and detailed operation of each item of equipment or device of all the various ele...
	B. The Contractor shall be fully responsible for proper maintenance of equipment and systems until the instructions have been given to the Owner's personnel and the letter of release acknowledged.
	C. In providing the instructions to the Owner's personnel, the written operating and maintenance manuals shall be followed in all instances, and the Owner's personnel shall be familiarized with such manuals.  Operating and maintenance manuals used for...

	1.19 SCHEDULE AND SEQUENCE OF WORK
	A. The Contractor shall meet and cooperate with the Owner and Owner's Representative to schedule and sequence this work so as to insure meeting scheduled completion dates and avoid delaying other portions of the work.  Work requiring special sequencin...

	1.20 INSTALLATION INSPECTIONS AND CERTIFICATIONS
	A. Obtain timely inspections of the installation by the regulatory authorities.  Remedy any deficiencies to the satisfaction of the inspecting official.
	B. Upon final completion of the work, obtain certificates of acceptance from the regulatory authorities.  Deliver the certificates to the Owner's Representative for transmission to the Owner.

	1.21 EQUIPMENT INSTALLATION
	A. Install equipment and devices in a manner to permit access to all surfaces or components, requiring such access, without the need to disassemble other unrelated parts of the work.
	B. Equipment specified to be factory assembled and tested prior to shipment shall not be disassembled at the job site and reassembled at its final location.  Apparatus not so specified may be disassembled and reassembled in the proper location.
	C. Furnish all scaffolding, rigging and hoisting required for the installation of all the work.

	1.22 CONCRETE HOUSEKEEPING PADS
	A. Concrete housekeeping pads shall be provided for all floor mounted equipment, unless noted or required otherwise.
	B. All pads shall be not less than 3-1/2" high and extend a maximum 3" beyond the actual equipment size.  Coordinate the proper size of the pad with the equipment furnished.  Pads shall be poured in forms built of new dressed lumber with corners chamf...
	C. Perform all concrete work specified to be provided under this Division in strict accordance with the applicable provisions of Division 3, CONCRETE.

	1.23 SLEEVES
	A. Each conduit, regardless of material, which passes through a concrete slab, masonry wall, or roof or portion of the building structure shall be free from the structure and shall pass through a sleeve.
	B. All sleeves shall be constructed from electrical-metallic tubing or equivalent weight galvanized steel tubing and shall be flush on both sides of the surface penetrated, unless noted otherwise.  All sleeves penetrating the roof areas shall extend a...
	C. Sleeves passing through walls or floors on or below grade or in moist areas shall be constructed of galvanized rigid steel and shall be designed with a suitable flange in the center to form a waterproof passage.  After the conduit has been installe...

	1.24 ESCUTCHEONS
	A. In each finished space, provided a chromium plated, sectional escutcheon on each conduit, or hanger rod penetrating a wall, floor or ceiling.
	B. Size escutcheons and collars to fit snugly around conduit and rods.
	C. Where required, provide escutcheons with set screws so that they fit snugly against the finished surface.

	1.25 ACCESS PANELS
	A. Provide wall and ceiling access panels for unrestricted access to all concealed electrical equipment items and devices installed behind furrings, chases or non-removable suspended ceilings.
	B. Access panels shall be UL listed and labeled as required to suit the fire rating of the surface in which installed, with mounting straps, concealed hinges, screwdriver locks, 180 degree open door design, 16 gauge steel construction and door and fra...

	1.26 SEALING OF PENETRATIONS
	A. All penetrations in horizontal or vertical fire-rated construction shall be sealed using approved fire-rated sealing materials equivalent to the following:
	1 Foam:  Dow Corning 3-6548 RTV silicone foam, liquid component Part 4 (black) and liquid component Part B (off-white).
	2 Sealant:  Dow Corning 96-081 RTV silicone adhesive sealant.
	3 Damming Materials:  Mineral fiberboard, mineral fiber matting, mineral fiber putty, plywood or particle board, as selected by applicator.

	B. Preparation:  Remove combustible materials and loose impediments from penetration opening and involved surfaces.  Remove free liquid and oil from penetration surfaces.
	C. Installation:  In accordance with manufacturer's instructions, install damming materials and sealant to cover and seal penetration openings; inject foam mixtures into openings.
	D. In addition to the Dow Corning products, equal products by Spec Seal Firestop Products, 3M Fire Barrier or CS240 Firestop are acceptable.

	1.27 PROTECTION OF APPARATUS
	A. At all times take every precaution to properly protect apparatus from damage due to dust, dirt, water, etc. or from damage due to physical forces.  Include the erection of temporary shelters as required, to adequately protect any apparatus stored a...
	B. Responsibility for the protection of apparatus extend also to existing apparatus involved in this Division of the work, whether such apparatus is designated to be used temporarily and later removed, or is to be reused as a part of the permanent ins...
	C. The Contractor shall protect this work and the work of all other Contractors from damage by his work or workmen and shall make good any damage thus caused.  He shall also be responsible for the proper protection of his equipment, machinery, materia...

	1.28 INSTALLATION OF CONTROL AND OPERATING DEVICES
	A. The highest operable part of controls (light switches, dimmer switches, emergency power off devices, etc.), receptacles (electrical and communications) and other operable devices shall be 48" above finish floor.  The lowest operable part shall be n...
	B. Visual alarm appliances shall be placed 80" above finished floor (the highest floor level within a space) or 6" below the ceiling, whichever is lower.

	1.29 INSTALLATION AND CONNECTION OF OTHER DIVISION'S EQUIPMENT
	A. Verify the electrical requirements of all equipment furnished under other Divisions, separate contracts, or by the Owner.  Install conduit, power wiring, control wiring, devices, etc. as required for complete operation of all equipment.

	1.30 OPTION TO RELOCATE OUTLETS AND RELATED DEVICES
	A. The location of power, data and telephone outlets, wall switches and other related devices may be relocated at the Owner's option, at no additional cost to the Owner, to a point within 10 feet of their present location provided the Contractor is no...

	1.31 COOPERATION AND CLEAN-UP
	A. It shall be the responsibility of the Contractor to cooperate fully to keep the job site in a clean and safe condition.  Upon the completion of the job, the Contractor shall immediately remove all of his tools, equipment, surplus materials and debris.
	B. After the installation is complete, and before the equipment is energized, clean the interior and exterior of all equipment thoroughly.  Clean equipment, removing all debris, rubbish and foreign materials.  Each component shall be cleaned and all d...
	C. Any portion of the work requiring touch-up finishing shall be so finished to equal the specified finish on the product.

	1.32 RECORD DRAWINGS AND DOCUMENTATION FOR OWNER
	A. The Contractor shall obtain at his own expense a complete set of blueline prints on which to keep an accurate record of the installation of all materials, equipment and devices covered by the Contract.  The Contractor shall record up to date inform...
	B. Upon anticipated completion of the job, obtain one complete reproducible set of the original drawings on which to neatly, legibly and accurately transfer all project related notations and deliver these record drawings to the Architect/Engineer at j...
	C. The Contractor shall accumulate in duplicate during the job progress, the following data prepared in indexed 3-ring looseleaf, hard-back binders sized for 8-1/2 inch by 11 inch sheets.  No binder shall exceed 3-1/2 inches thick.  This data shall be...
	1 Warranties, guarantees and manufacturer's directions on material, equipment and devices covered by the Contract.
	2 Approved lighting fixture brochures, wiring diagrams and control diagrams.
	3 Copies of approved submittals and shop drawings.
	4 Operating instructions and recommended maintenance procedures for major apparatus.
	5 Copies of all other data and/or drawings required during construction.
	6 Repair parts list of major apparatus, including name, address and telephone number of local supplier or representative.
	7 Tag charts and diagrams hereinbefore specified.


	1.33 FINAL OBSERVATION
	A. The purpose of the final observation is to determine whether the Contractor has completed the construction in accordance with the Contract Documents and that in the Owner Representative's opinion the installation is satisfactory for final acceptanc...
	B. It shall be the responsibility of the Contractor to assure that the installation is ready for final acceptance prior to calling upon the Owner's Representative to make a final observation.
	END OF SECTION



	16050-BASICELECTRICALMATERIALSANDMETHODS
	16055 - Site Electrical
	PART 1 GENERAL
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification sections, apply to work covered by this Section.

	1.2 SCOPE OF WORK
	A. Provide labor, materials, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of all site electrical work.
	B. The site electrical work shall include, but not be limited to, the furnishing and installation of necessary materials and making arrangements for:
	1. The connection of electrical and telephone utilities.
	2. Underground conduit.


	1.3 SUBMITTALS
	A. Submit product data and shop drawings in accordance with Division 1 for products specified under  PARTS 2 PRODUCTS.

	1.4 REFERENCE STANDARDS
	A. National Electrical Code (NEC), Article 300
	B. Service installation standards of the serving utility company(s).

	PART 2 PRODUCTS
	2.1 ELECTRICAL SERVICE
	A. Coordination:  The location of the service entrance shall be coordinated with all other trades.  Provide materials and equipment required to connect the electrical service.  Contractor shall coordinate with the Power Company for all requirements pr...
	B. Materials:  Provide materials in accordance with other Sections of these Specifications.

	2.2 COMMUNICATION SERVICE
	A. Coordination:  The location of the telephone, cable, and internet service entrance shall be coordinated with all other trades.  Provide materials and equipment required to connect the telephone, cable and internet services.  Contractor shall coordi...
	B. Materials:  Provide materials in                     accordance with other sections of                 this specification.

	3.1 GENERAL
	A. Underground installation of more than one conduit shall be in a duct arrangement as indicated.  All conduits shall be laid so joints are staggered.  All bends and stub-ups shall be rigid steel.
	B. Pour a red colored concrete envelope 3" thick over utility service, emergency generator and fire pump conduits.  Where conduits cross a driveway, road or parking area, reinforcing rods shall be installed.
	C. Perform excavation, shoring, backfilling and concrete work in connection with electrical work in accordance with other Divisions of the Specifications.
	D. All conduit shall be sloped away from the building to negate water entering the building through the conduit system.

	3.2 UTILITIES
	A. The locations, elevations and voltage of electrical lines and the location of the telephone lines included within the area of this work are indicated on the Drawings or in the Specifications in accordance with information received by the Architect/...
	B. The Contractor shall examine the site and shall verify, to his own satisfaction, the location and elevation of all utilities, and shall adequately inform himself as to their relation to the work.
	C.  Existing utility lines not indicated but encountered during construction shall be protected, relocated or capped as directed by the Architect/Engineer.  All precautions shall be exercised to prevent damage to existing lines not shown, but should w...
	D. Before beginning excavations of any nature whatsoever, the Contractor shall make an attempt to locate all underground utilities of every nature occurring within the bounds of the area to be excavated.  The Contractor shall then proceed with caution...
	E. Should a damage result to any utility through the Contractor's negligence or failure to comply with the above directive, he shall be liable for such damage and for all expense incurred in the expeditious repair or replacement of such damaged utilit...
	F. Repair of damaged utilities shall be to a condition equal to or better than the adjacent undamaged portion of such utility and to the complete satisfaction of the Architect/Engineer and Owner.
	END OF SECTION


	16060 - Grounding and Bonding
	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 grounding and bonding of electrical systems and equipment.  Grounding requirements specified in this Section may be supplemented by special requirements of systems described in other Sections.
	B. Related Sections include the following:
	1. Division 2 Section "Underground Ducts and Utility Structures" for ground test wells.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Product Data:  For the following:
	1. Ground rods.
	2. Chemical rods.

	C. Qualification Data:  For firms and persons specified in "Quality Assurance" Article.
	D. Field Test Reports:  Submit written test reports to include the following:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Results of failed tests and corrective action taken to achieve test results that comply with requirements.


	1.4 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	1. Comply with UL 467.

	B. Comply with NFPA 70; for overhead-line construction and medium-voltage underground construction, comply with IEEE C2.
	C. Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Grounding Conductors, Cables, Connectors, and Rods:
	a. Apache Grounding/Erico Inc.
	b. Boggs, Inc.
	c. Chance/Hubbell.
	d. Copperweld Corp.
	e. Dossert Corp.
	f. Erico Inc.; Electrical Products Group.
	g. Framatome Connectors/Burndy Electrical.
	h. Galvan Industries, Inc.
	i. Hastings Fiber Glass Products, Inc.
	j. Ideal Industries, Inc.
	k. ILSCO.
	l. Kearney/Cooper Power Systems.
	m. Korns:  C. C. Korns Co.; Division of Robroy Industries.
	n. Lyncole XIT Grounding.
	o. O-Z/Gedney Co.; a business of the EGS Electrical Group.
	p. Raco, Inc.; Division of Hubbell.
	q. Robbins Lightning, Inc.
	r. Salisbury:  W. H. Salisbury & Co.
	s. Thomas & Betts, Electrical.



	2.2 GROUNDING CONDUCTORS
	A. For insulated conductors, comply with Division 16 Section "Conductors and Cables."
	B. Material:  copper.
	C. Equipment Grounding Conductors:  Insulated with green-colored insulation.
	D. Isolated Ground Conductors:  Insulated with green-colored insulation with yellow stripe.  On feeders with isolated ground, use colored tape, alternating bands of green and yellow tape to provide a minimum of three bands of green and two bands of ye...
	E. Grounding Electrode Conductors:  Stranded cable.
	F. Underground Conductors:  stranded, unless otherwise indicated.
	G. Copper Bonding Conductors:  As follows:
	1. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG copper conductor, 0T1/4 inch0T2T (6.4 mm)2T in diameter.
	2. Bonding Conductor:  No. 4 AWG, stranded copper conductor.
	3. Bonding Jumper:  Bare copper tape, braided bare copper conductors, terminated with copper ferrules; 0T1-5/8 inches0T2T (42 mm)2T wide and 0T1/16 inch0T2T (1.5 mm)2T thick.
	4. Tinned Bonding Jumper:  Tinned-copper tape, braided copper conductors, terminated with copper ferrules; 0T1-5/8 inches0T2T (42 mm)2T wide and 0T1/16 inch0T2T (1.5 mm)2T thick.

	H. Ground Conductor and Conductor Protector for Wood Poles:  As follows:
	1. No. 4 AWG minimum, soft-drawn copper conductor.
	2. Conductor Protector:  Half-round PVC or wood molding.  If wood, use pressure-treated fir, or cypress or cedar.

	I. Grounding Bus:  Bare, annealed copper bars of rectangular cross section, with insulators.

	2.3 CONNECTOR PRODUCTS
	A. Comply with IEEE 837 and UL 467; listed for use for specific types, sizes, and combinations of conductors and connected items.
	B. Bolted Connectors:  Bolted-pressure-type connectors, or compression type.
	C. Welded Connectors:  Exothermic-welded type, in kit form, and selected per manufacturer's written instructions.

	2.4 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad steel.
	1. Size:  0T3/4 by 120 inches0T2T (19 by 3000 mm)2T in diameter.



	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Use only copper conductors for both insulated and bare grounding conductors in direct contact with earth, concrete, masonry, crushed stone, and similar materials.
	B. In raceways, use insulated equipment grounding conductors.
	C. Exothermic-Welded Connections:  Use for connections to structural steel and for underground connections, except those at test wells.
	D. Equipment Grounding Conductor Terminations:  Use bolted pressure clamps.
	E. Ground Rod Clamps at Test Wells:  Use bolted pressure clamps with at least two bolts.
	F. Grounding Bus:  Install in electrical and telephone equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
	1. Use insulated spacer; space 0T1 inch0T2T (25.4 mm)2T from wall and support from wall 0T6 inches0T2T (150 mm)2T above finished floor, unless otherwise indicated.
	2. At doors, route the bus up to the top of the door frame, across the top of the doorway, and down to the specified height above the floor.

	G. Underground Grounding Conductors:  Use tinned copper conductor, No. 2/0 AWG minimum.  Bury at least 0T24 inches0T2T (600 mm)2T below grade or bury 0T12 inches0T2T (300 mm)2T above duct bank when installed as part of the duct bank.

	3.2 EQUIPMENT GROUNDING CONDUCTORS
	A. Comply with NFPA 70, Article 250, for types, sizes, and quantities of equipment grounding conductors, unless specific types, larger sizes, or more conductors than required by NFPA 70 are indicated.
	B. Install equipment grounding conductors in all feeders and circuits.
	C. Install insulated equipment grounding conductor with circuit conductors for the following items, in addition to those required by NEC:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.
	7. Armored and metal-clad cable runs.

	D. Busway Supply Circuits:  Install insulated equipment grounding conductor from the grounding bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on busway.
	E. Computer Outlet Circuits:  Install insulated equipment grounding conductor in branch-circuit runs from computer-area power panels or power-distribution units.
	F. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected to the receptacle grounding terminal.  Isolate grounding conductor from raceway and from panelboard grounding terminals.  Terminate at equipment g...
	G. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where raceway enter...
	H. Nonmetallic Raceways:  Install an equipment grounding conductor in nonmetallic raceways unless they are designated for telephone or data cables.
	I. Air-Duct Equipment Circuits:  Install an equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners and heaters.  Bond conductor to each unit and to air duct.
	J. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate equipment grounding conductor to each electric water heater, heat-tracing, and antifrost heating cable.  Bond conductor to heater units, piping, connected equipment, and ...
	K. Signal and Communication Systems:  For telephone, alarm, voice and data, and other communication systems, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode system to each service location, terminal cabinet,...
	1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on a 0T1/4-by-2-by-12-inch0T2T (6.4-by-50-by-300-mm)2T grounding bus.
	2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.

	L. Metal Poles Supporting Outdoor Lighting Fixtures:  Provide a grounding electrode in addition to installing a separate equipment grounding conductor with supply branch-circuit conductors.

	3.3 INSTALLATION
	A. Ground Rods:  Install at least three rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes.
	1. Drive ground rods until tops are 0T2 inches0T2T (50 mm)2T below finished floor or final grade, unless otherwise indicated.
	2. Interconnect ground rods with grounding electrode conductors.  Use exothermic welds, except at test wells and as otherwise indicated.  Make connections without exposing steel or damaging copper coating.

	B. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	C. Bonding Straps and Jumpers:  Install so vibration by equipment mounted on vibration isolation hangers and supports is not transmitted to rigidly mounted equipment.  Use exothermic-welded connectors for outdoor locations, unless a disconnect-type co...
	D. Metal Water Service Pipe:  Provide insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water ser...
	E. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  Connect to pipe with grounding clamp connectors.
	F. Bond interior metal piping systems and metal air ducts to equipment grounding conductors of associated pumps, fans, blowers, electric heaters, and air cleaners.  Use braided-type bonding straps.
	G. Bond each aboveground portion of gas piping system upstream from equipment shutoff valve.
	H. Install one test well for each service at the ground rod electrically closest to the service entrance.  Set top of well flush with finished grade or floor.
	I. Ufer Ground (Concrete-Encased Grounding Electrode):  Fabricate according to NFPA 70, Paragraph 250-81(c), using a minimum of 0T20 feet0T2T (6 m)2T of bare copper conductor not smaller than No. 4 AWG.  If concrete foundation is less than 0T20 feet0T...

	3.4 CONNECTIONS
	A. General:  Make connections so galvanic action or electrolysis possibility is minimized.  Select connectors, connection hardware, conductors, and connection methods so metals in direct contact will be galvanically compatible.
	1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make contact points closer to order of galvanic series.
	2. Make connections with clean, bare metal at points of contact.
	3. Make aluminum-to-steel connections with stainless-steel separators and mechanical clamps.
	4. Make aluminum-to-galvanized steel connections with tin-plated copper jumpers and mechanical clamps.
	5. Coat and seal connections having dissimilar metals with inert material to prevent future penetration of moisture to contact surfaces.

	B. Exothermic-Welded Connections:  Comply with manufacturer's written instructions.  Welds that are puffed up or that show convex surfaces indicating improper cleaning are not acceptable.
	C. Equipment Grounding Conductor Terminations:  For No. 8 AWG and larger, use pressure-type grounding lugs.  No. 10 AWG and smaller grounding conductors may be terminated with winged pressure-type connectors.
	D. Noncontact Metal Raceway Terminations:  If metallic raceways terminate at metal housings without mechanical and electrical connection to housing, terminate each conduit with a grounding bushing.  Connect grounding bushings with a bare grounding con...
	E. Connections at Test Wells:  Use compression-type connectors on conductors and make bolted- and clamped-type connections between conductors and ground rods.
	F. Tighten screws and bolts for grounding and bonding connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.
	G. Compression-Type Connections:  Use hydraulic compression tools to provide correct circumferential pressure for compression connectors.  Use tools and dies recommended by connector manufacturer.  Provide embossing die code or other standard method t...
	H. Moisture Protection:  If insulated grounding conductors are connected to ground rods or grounding buses, insulate entire area of connection and seal against moisture penetration of insulation and cable.

	3.5 FIELD QUALITY CONTROL
	A. Testing:  Perform the following field quality-control testing:
	1. After installing grounding system but before permanent electrical circuitry has been energized, test for compliance with requirements.
	2. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at ground test wells.  Measure ground resistance not less than two full days after the la...


	3.6 GRADING AND PLANTING
	A. Restore surface features, including vegetation, at areas disturbed by Work of this Section.  Reestablish original grades, unless otherwise indicated.  If sod has been removed, replace it as soon as possible after backfilling is completed.  Restore ...



	16075-ELECTRICAL IDENTIFICATION
	PART 1 GENERAL
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification sections, apply to work covered by this Section.
	B. Comply with Division 16 Sections, as applicable.  Refer to other Divisions for coordination of work.

	1.2 SCOPE OF WORK
	A. Provide labor, material, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of electrical identification, including related accessories.
	B. Provide electrical identification for the following:
	1. Panelboards, motor starters, contactors, disconnect switches, circuit breakers and other electrical equipment with nameplate identifying the item of equipment and the equipment serving the same.
	2. Raceways, junction boxes and pull boxes.
	1. Label each panelboard index indicating the room #s to the related circuit.  Also add the index sheet in a laminated white core, plastic with beveled edges, minimum 1/16 inch thick.  Lettering shall be machine-engraved, not less than 1/4" high, cut ...
	3. Wiring devices.
	4. Wiring.
	5. Three phase motor rotation.


	1.3 SUBMITTALS
	A. Submit product data in accordance with Division 1 for products specified under PART 2 - PRODUCTS.

	PART 2 PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	B. Brady
	C. Panduit
	D. Thomas & Betts
	E. Seton

	2.2 IDENTIFICATION
	A. Nameplates
	1. Nameplates shall be black engraved surface on white core for normal power circuits and red engraved surface on white core for emergency power circuits.
	2. Provide for each distribution panelboard, branch circuit panelboard, transformer and any other similar equipment furnished under this Division identification as to its given name, voltage and origination of service.  Examples are as follows:
	3. Provide for each motor starter enclosure, circuit breaker enclosure, disconnect switch and any other similar equipment furnished under this Division, identification as to the specific load that it serves and the origination of service.  Examples ar...
	4. Provide for each feeder protective device in each distribution panelboard and any other similar equipment furnished under this Division, identification as to the specific load that it serves.
	5. Nameplates shall be laminated, white core, plastic with beveled edges, minimum 1/16 inch thick.  Lettering shall be machine-engraved, not less than 1/4" high, cut through the black or red surface to the white core.

	B. Junction Boxes and Pull Boxes
	1. Identification shall be with a black permanent marking pen on the top of 4" x 4" junction box covers or on the back of an outlet box cover plate identifying the branch circuits and systems within the conduit.  Pull boxes shall be provided with a na...

	C. Wiring Device Wall Plates
	1. On the back side of wiring device wall plates identify with a black permanent marking pen the panelboard and branch circuit number the device is served from.

	D. Wire Markers
	1. Wire markers for identification of wiring shall be self-adhesive type having letters and numerals indicating serving equipment and feeder or branch circuit number.

	F. Rotation Tags
	1. Rotation tags shall be brass or aluminum securely attached to equipment.


	PART 3 EXECUTION
	3.1 PREPARATION
	A. Surfaces to receive labels or nameplates shall be carefully prepared in accordance with the manufacturer's instructions and recommendations.

	3.2 NAMEPLATES
	A. Nameplates shall be properly attached to identify panelboards, feeder circuit breakers, disconnect switches, pull boxes and other similar equipment furnished under this Division.

	3.3 WIRE MARKERS
	A. Wire markers shall be applied to each conductor or cable within panelboards, motor starter enclosures, circuit breaker enclosures, disconnect switches, cabinets, junction boxes, pull boxes, and other similar equipment identifying the serving equipm...
	END OF SECTION



	16120 - Building Wire and Cable
	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 building wires and cables and associated connectors, splices, and terminations for wiring systems rated 600 V and less.

	1.3 SUBMITTALS
	A. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.

	1.4 QUALITY ASSURANCE
	A. Listing and Labeling:  Provide wires and cables specified in this Section that are listed and labeled.
	1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100.

	B. Comply with NFPA 70.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver wires and cables according to NEMA WC 26.

	1.6 COORDINATION
	A. Coordinate layout and installation of cables with other installations.
	B. Revise locations and elevations from those indicated, as required to suit field conditions and as approved by Architect.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Wires and Cables:
	a. American Insulated Wire Corp.; Leviton Manufacturing Co.
	b. BICC Brand-Rex Company.
	c. Carol Cable Co., Inc.
	d. Senator Wire & Cable Company.
	e. Southwire Company.

	2. Connectors for Wires and Cables:
	a. AMP Incorporated.
	b. General Signal; O-Z/Gedney Unit.
	c. Monogram Co.; AFC.
	d. Square D Co.; Anderson.
	e. 3M Company; Electrical Products Division.



	2.2 BUILDING WIRES AND CABLES
	A. UL-listed building wires and cables with conductor material, insulation type, cable construction, and rating as specified in Part 3 "Wire and Insulation Applications" Article.
	B. Rubber Insulation Material:  Comply with NEMA WC 3.
	C. Thermoplastic Insulation Material:  Comply with NEMA WC 5.
	D. Ethylene Propylene Rubber Insulation Material:  Comply with NEMA WC 8.
	E. Conductor Material:  Copper.
	F. Stranding:  Solid conductor for No. 10 AWG and smaller; stranded conductor for larger than No. 10 AWG.
	G. Plenum rated cable for all cables above the ceiling.

	2.3 CONNECTORS AND SPLICES
	A. UL-listed, factory-fabricated wiring connectors of size, ampacity rating, material, type, and class for application and service indicated.  Comply with Project's installation requirements and as specified in Part 3 "Wire and Insulation Applications...


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine raceways and building finishes to receive wires and cables for compliance with requirements for installation tolerances and other conditions affecting performance of wires and cables.  Do not proceed with installation until unsatisfactory c...

	3.2 WIRE AND INSULATION APPLICATIONS
	A. Service Entrance:  Type RHW or THWN, in raceway.
	B. Feeders:  Type 75C insulation THHN/THWN, in raceway.
	C. Fire-Pump Feeder:  Type MI, 3-conductor.
	D. Branch Circuits:  Type THHN/THWN, in raceway.
	E. Fire Alarm Circuits:  Type THHN/THWN, in raceway.
	F. Class 1 Control Circuits:  Type THHN/THWN, in raceway.
	G. Class 2 Control Circuits:  Type THHN/THWN, in raceway.
	H. Equipment or any device rated 100 amperes or less, conductor shall be rated 60C as per National Electrical Code.
	I. Equipment or any device rated over 100 amperes, conductor shall be rated 75C as per National Electrical Code.

	3.3 INSTALLATION
	A. Install wires and cables as indicated, according to manufacturer's written instructions and NECA's "Standard of Installation."
	B. Remove existing wires from raceway before pulling in new wires and cables.
	C. Pull Conductors:  Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables, parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	F. Support cables according to Division 16 Section "Basic Electrical Materials and Methods."
	G. Seal around cables penetrating fire-rated elements according to Division 7 Section "Firestopping."
	H. Identify wires and cables according to Division 16 Section "Basic Electrical Materials and Methods."
	I. Identify wires and cables according to Division 16 Section "Electrical Identification."

	3.4 CONNECTIONS
	A. Conductor Splices:  Keep to minimum.
	B. Install splices and tapes that possess equivalent or better mechanical strength and insulation ratings than conductors being spliced.
	C. Use splice and tap connectors compatible with conductor material.
	D. Use oxide inhibitor in each splice and tap connector for aluminum conductors.
	E. Wiring at Outlets:  Install conductor at each outlet, with at least 0T12 inches0T2T (300 mm)2T of slack.
	F. Connect outlets and components to wiring and to ground as indicated and instructed by manufacturer.
	G. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

	3.5 FIELD QUALITY CONTROL
	A. Testing:  On installation of wires and cables and before electrical circuitry has been energized, demonstrate product capability and compliance with requirements.
	1. Procedures:  Perform each visual and mechanical inspection and electrical test stated in NETA ATS, Section 7.3.1.  Certify compliance with test parameters.

	B. Correct malfunctioning conductors and cables at Project site, where possible, and retest to demonstrate compliance; otherwise, remove and replace with new units and retest.



	16130FL-Raceways and Boxes
	16140FL-WIRING DEVICES
	1. Switches shall be toggle or decorative rocker type as indicated herein..  The body of the switch shall be made of an arc-resistant thermoset material.  All toggle switch handles shall be constructed of a thermoplastic material.  All rocker switch h...
	1. Switches shall be SPST, DPST, 3-way or 4-way as indicated on the Drawings.
	2. Switch color shall be white unless noted otherwise.  Coordinate with Architect.
	1. Specification Grade switches shall be toggle type.  The contact arms shall be made of one-piece copper alloy material.  The switch shall include a green ground screw attached to the mounting strap.  The switch shall be 20-ampere, 120/277-volts AC, ...

	16190- Supporting Devices
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification sections, apply to work covered by this Section.
	B. Comply with Division 16 Sections, as applicable. Refer to other Division for coordination of work.

	1.2 SCOPE OF WORK
	A. Provide labor, material, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of supporting devices, including related systems and accessories.

	PART 2 - PRODUCTS
	2.1      ACCEPTABLE MANUFACTURERS
	B. Unistrut Corp.
	C. B-Line Systems, Inc.
	D. Midland Ross-Kindorf

	2.2       MATERIALS
	A. Suspension Hangers
	1.1 Suspension hangers for individual conduit runs shall be zinc plated formed steel type.
	B.   Vertical Supports
	C.    Clamps
	D.     Anti-Vibration Hangers
	2.3 Light Fixture Hangers
	A.   Refer to Section 16500

	Corrosive Areas:  PVC; at factory apply a minimum of 10-mil-thick PVC coating, bonded to metal, inside and outside.

	PART 3 - EXECUTION
	3.1   INSTALLATION
	A. Hangers
	1 Approved hangers and stiff leg supports shall be installed in quantity and size as required to carry the weight of raceway and contents and shall be arranged to prevent vibration transmission to the building and allow for raceway movement.
	2 Hangers shall be supported by means of uncoated solid steel rods which are threaded to allow vertical adjustments. Lock nuts shall be provided in sufficient number and location to lock all rod adjustments permanently at the adjusted height. Two lock...
	3 Hanger spacing shall be as required for proper and adequate support raceway, but in no case shall be less than one hanger per 8'-0" of raceway length except that conduit less than 1" diameter shall be supported at least every 6'-0".
	4 Where numerous conduits are run parallel to one another, they may be supported from a trapeze type hanger arrangement with strut bottom.
	5 Anti-vibration type hangers shall be provided for equipment as required to minimize vibration and/or as directed by the Architect/Engineer.

	B. Supports
	1 Support of hangers shall be by means of sufficient quantities of individual after set steel expansion shields, or beam clamps attached to structural steel.
	2 Stiff-legs shall be furnished and installed in cases where support from overhead structure is not possible.
	3 Ceiling mounted lighting fixtures shall be supported from the building structure at two opposite corners.  The Contractor shall provide fixture hangers to properly interface with the ceiling system.
	4 Furnish and install complete any additional structural support steel, brackets, fasteners, etc., as required to adequately support all raceway and equipment.
	5 Support of hangers from concrete slabs shall be by means of sufficient quantity of "U" brackets attached with after set expansion shields and bolts.
	6 Support of hangers from concrete tees shall be by means of sufficient quantity of angle iron brackets attached with after set expansion shields and bolts.



	16440 - Disconnect Switches
	PART 1 GENERAL
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification sections, apply to work covered by this Section.

	1.2 SCOPE OF WORK
	A. Provide labor, materials, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of disconnect switches, including all related systems and accessories.

	1.3 SUBMITTALS
	A. Submit product data and shop drawings in accordance with Division 1 for products specified under PART 2 - PRODUCTS.
	B. Provide outline drawings with dimensions, and equipment ratings for voltage, amperage, horsepower and short circuit.
	C.    Provide designations for each disconnect.  RE: to section 16075.

	1.4 REFERENCE STANDARDS
	A. Switches shall be manufactured in accordance with the following standards:
	1. UL 98 - Enclosed and Dead Front Switches
	2. NEMA KS1 - Enclosed Switches
	3. NEMA 250 - Enclosures for Electrical Equipment


	PART 2 PRODUCTS
	2.1 MANUFACTURER
	A. GE
	B. Square D Co.
	C. Siemens
	D. Eaton

	2.2 GENERAL
	A. Switches shall be heavy duty type.

	2.3 SWITCH INTERIOR
	A. Switches shall have switch blades which are visible when the switch is OFF and the cover is open.
	E. Lugs shall be copper and front removable and UL listed for 60(C or 75(C conductors 30-100 ampere, 75(C conductors 200 ampere and up.
	F. Current carrying parts shall be plated to resist corrosion.
	G. Switches shall have removable arc suppressor to facilitate easy access to line side lugs.
	H. Switches shall have provisions for a field installable electrical interlock.

	2.4 SWITCH MECHANISM
	A. Switch operating mechanism shall be quick-make, quick-break such that, during normal operation of the switch, the operation of the contacts shall not be capable of being restrained by the operating handle after the closing or opening action of the ...
	B. The operating handle shall be an integral part of the box, not the cover.
	C. Provisions for padlocking the switch in the OFF position with at least three padlocks shall be provided.
	D. The handle position shall travel at least 90( between OFF and ON positions to clearly distinguish and indicate handle position.
	E. Switches shall have a dual cover interlock mechanism to prevent unintentional opening of the switch cover when the switch is ON and prevent turning the switch ON when the cover is open.  The  cover interlock mechanism shall have an externally opera...

	2.5 SWITCH ENCLOSURES
	A. Switch covers shall be attached with welded pin-type hinges (Type 1) or top-hinged, attached with removable screws and securable in the open position (Type 3R).
	B. The enclosure shall be finished with gray baked enamel paint which is electrodeposited on cleaned, phosphate pre-treated steel (Type 1) or gray baked enamel paint which is electrodeposited on cleaned, phosphate pre-treated galvannealed steel (Type ...
	C. The enclosure shall have ON and OFF markings stamped into the cover.
	D. The operating handle shall be provided with a dual colored, red/black position indication.
	E. Switches shall have provisions to accept up to three 3/8" hasp padlocks to lock the operating handle in the OFF position.
	I. Tangential knockouts shall be provided to facilitate ease of conduit entry (Type 1).
	J. Type 3R enclosure shall contain no knockouts.  Supply watertight hubs.
	K. Type 4x shall be stainless steel enclosure with no knockouts.  Supply watertight hubs.

	2.6 SWITCH RATINGS
	A. Switches shall be horsepower rated.
	B. The UL listed short circuit current rating of the switches shall be:  200,000 rms symmetrical amperes when used with or protected by Class R or Class J fuses 30-600 ampere employing appropriate fuse rejection schemes.

	PART 3 EXECUTION
	3.1 INSTALLATION
	A. Install disconnect switches where indicated shown or not shown.
	B. Install fuses in fusible disconnect switches.
	END OF SECTION



	16442-PANEL BOARDS_
	16475FL-FUSES
	16511INTERIOR LIGHTING
	16521- EXTERIOR LIGHTING
	16721 - Fire Alarm Life Safety
	PART 1 - GENERAL
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification Sections apply to Work covered by this Section.
	B. Comply with other Division 16 Sections, as applicable.  Refer to other Divisions for coordination of the Work.

	1.2 SCOPE OF WORK
	A. Provide labor, materials, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing additional devices for the shell building fire alarm system, including all related systems and accessories.
	B. Replace existing fire alarm devices, reusing existing locations.  Fire Alarm contractor is responsible to comply at existing areas.  Fire Alarm contractor is responsible to comply with ADA fire alarm code.  Include all cost in bas bid.

	1.3 SUBMITTALS
	A. Submit product data and shop drawings in accordance with Division 1 for products specified under  PART 2 - PRODUCTS.  Shop drawings shall be generated by the Fire Alarm Contractor without the Engineers plans.
	B. The submittal data shall include, but not necessarily be limited to, the following:
	1 Complete bill of material indicating quantity, part numbers and brief description.
	2 Data sheets for all products.  If multiple models are shown on the same data sheet, highlight the specific model used.
	3 Provide drawing with all devices.
	4 Provide single line riser diagram showing all equipment and type, number and size of all conductors.


	1.4 REFERENCE STANDARDS
	A. The fire alarm system devices specified herein shall be designed, manufactured, installed and tested according to the latest version of the following standards:
	1 National Fire Protection Association Standards
	1 NFPA 70 - National Electric Code (NEC), Articles 725 & 760.
	2 NFPA 71 - Central Station Signaling Systems
	3 NFPA 72 - National Fire Alarm Code (NFAC)
	4 NFPA 92A - Smoke Control Systems
	5 NFPA 101 - Life Safety Code

	2 Underwriters Laboratories, Inc.
	1 UL 38 - Manually Activated Signaling Boxes
	2 UL 228 - Door Holders for Fire Protective Signaling Systems
	3 UL 268 - Smoke Detectors for Fire Protective Signaling Systems
	4 UL268A - Smoke Detectors for Duct Applications
	5 UL 346 - Waterflow Indicators for Fire Protective Signaling Systems
	6 UL 464 - Audible Signaling Appliances
	7 UL 864/UOJZ/APOU - Control Units for Fire Protective Signaling Systems
	8 UL 1481 - Power Supplies for Fire Protective Signaling Systems
	9 UL 1638 - Visual Signaling Appliances
	10 UL 1711 - Amplifiers for Fire Protective Signaling Systems
	11 UL 1971 - Standard for Fire Protective Signaling Systems

	3 Americans with Disabilities Act (ADA)
	4 Local and State Building Codes
	5 Local Authorities Having Jurisdiction (LAHJ)


	1.5 QUALITY ASSURANCE
	A. The fire alarm system devices shall be listed and labeled by Underwriters Laboratories, Inc. for use in fire protective signaling system.
	B. The Installing Contractor shall be factory authorized and trained and shall be NICET certified in the sub-field of Fire Alarm Systems, for the engineering and technical installation and supervision of the system.  This certification shall be Level ...
	C. The fire alarm contractor shall not sub out portion of the work.  The fire alarm shall be responsible to complete the job.
	D.  Submission to Authority Having Jurisdiction:  Submit copies of State Certificate as required by State Fire Marshall.  Provide copy with operating and maintenance manual.
	1. The fire alarm contractor, as a business entity, shall be an authorized and designated
	representative of the equipment manufacturer and shall have been  actively engaged in the
	business of selling, installation and servicing fire alarm systems for a period of at least (5)
	years prior to the bid date.

	1.7 WARRANTY
	Warranty of all control equipment, sensors, I/O modules and all other peripherals and of materials,  installation and workmanship shall be for one (1) year from date of acceptance.
	2.The Contractor shall guarantee all wiring and raceways to be free from inherent mechanical or electrical defects for one (1) year from date of final acceptance.

	PART 2 - PRODUCTS
	2.1 MANUFACTURER
	A. SILNET KNIGHT

	2.2 CIRCUITING GUIDELINES
	A. Each addressable analog loop shall be circuited as shown on the drawings but device loading in not to exceed 80% of loop capacity in order to leave for space for future devices.  The loop shall have Class A B operation.  When it is necessary to int...
	B. Audio Amplifiers
	1 Each audio power amplifier shall have integral audio signal de-multiplexers, allowing the amplifier to select any digitized audio channels.  The channel selection shall be directed by the system software.  Multiple and different audio signals shall ...
	2 Each amplifier output shall include a dedicated, supervised speaker circuit which is suitable for connection of emergency speaker appliances.  Each amplifier shall also include a notification appliance circuit for connection of visual (strobe) appli...
	3 Standby audio amplifiers shall be provided that automatically sense the failure of a primary amplifier, and automatically program themselves to select and de-multiplex the same audio information channel of the failed primary amplifier, and fully rep...
	4 In the event of a total loss of audio data communications, all amplifiers will default to the local “EVAC” tone generator channel.  If the local panel has an alarm condition, then all amplifiers will sound the EVAC signal on their connected speaker ...
	5 In the event of a loss of the fully digitized, multiplexed audio riser, the audio amplifiers shall automatically default to an internally generated alarm tone.
	6 Audio amplifiers shall automatically detect a short circuit condition on the connected speaker circuit wiring, and shall inhibit itself from driving into that short circuit condition.


	2.3 DETECTORS
	A. General
	1 Detectors shall be capable of full digital communications using both broadcast and polling protocol.  Each detector shall be capable of performing independent fire detection algorithms.  The fire detection algorithm shall measure sensor signal dimen...
	2 Detectors shall have an integral microprocessor capable of making alarm decisions based on fire parameter information stored in the detector head. Distributed intelligence shall improve response time by decreasing the data flow between detector and ...
	3 Detectors shall have a separate means of displaying communication and alarm status.  A green LED shall flash to confirm communication with the loop controller.  A red LED shall flash to display alarm status.  Both LEDs on steady shall indicate alarm...
	4 Detectors shall be capable of identifying diagnostic codes to be used for system maintenance.  The diagnostic codes shall be stored at the detector.
	5 Detectors shall be capable of transmitting pre-alarm and alarm signals in addition to the normal, trouble and need cleaning information.  It shall be possible to program control panel activity to each level.  Each detector shall be individually prog...
	6 The detector microprocessor shall contain an environmental compensation algorithm which identifies and sets ambient "environmental thresholds."  The microprocessor shall continually monitor the environmental impact of temperature, humidity, other co...
	7 The detector and loop controller shall provide increased reliability and inherent survivability through intelligent conventional operation.  The device shall automatically change to stand alone, conventional device operation in the event of a loop c...
	8 Detectors shall be capable of automatic electronic addressing and/or custom addressing.  Devices using DIP or rotary switches for addressing, either in the base or on the detector shall not be acceptable.
	9 Detectors shall be suitable for operation in the following environment:
	1 Temperature: 32ºF to 120ºF
	2 Humidity: 0-93% RH, non-condensing
	3 Elevation: Up to 6,000 ft.


	B. Photoelectric Smoke Detectors
	1 Addressable intelligent photoelectric smoke detectors shall be provided as indicated on the Drawings.  The detector shall use a light scattering type photo electric smoke sensor to sense changes in air samples from its surroundings.  An integral mic...
	2 The detector shall continually monitor any changes in sensitivity due to the environmental affects of dirt, smoke, temperature and humidity.  The information shall be stored in the integral processor and transferred to the loop controller.
	3 Detector shall be programmable for different sensitivity during day and night periods.
	4 The detector shall be suitable for direct insertion into air ducts up to 3 ft. high and 3 ft. wide with air velocities up to 5,000 ft/min.
	5 The detector shall be rated for ceiling installation at a minimum of 30 foot centers.
	6 The percent smoke obscuration per foot alarm setpoint for the detector shall be field selectable to various sensitive settings ranging from 1.0% to 3.5%.

	C. Detector Mounting Bases
	1 Detector mounting bases shall be suitable for mounting on a standard 4" square electrical outlet box.  The base shall contain no electronics, support all detector types and have the following minimum requirements:
	1 Removal of the respective detector shall not affect communications with other detectors.
	2 Terminal connections shall be made on the room side of the base.  Bases which must be removed to gain access to the terminals shall not be acceptable.
	3 Capable of supporting a remote LED indicator and test station.  Provide remote LED indicators and test stations as indicated on the Drawings.


	D. Detector Mounting Plates
	1 Provide detector mounting plate assemblies to facilitate mounting detectors for direct insertion into low velocity ductwork.  The mounting plate shall be code gauge steel with corrosion resistant red enamel finish.

	E. Duct Smoke Detectors
	1 Air duct mounted smoke detectors shall  be provided in the air supply stream of all central air handling equipment above 2000 cfm, i.e.  Provide all necessary interface wiring for proper system operation.
	2 The duct smoke detector shall be UL listed per UL 268A specifically for use in air handling systems.  The detector shall operate at velocities of 300-4000 ft./min.  The detector housing shall be equipped with an integral mounting base.  It shall be ...
	3 For each duct smoke detector provide a remote LED indicator and test station to be mounted in a location indicated on the Drawings and approved by the local authority having jurisdiction.


	2.4 SYSTEM MODULES
	A. Addressable intelligent modules shall support supervised Class B circuits.  The modules shall be multi-function capable of field programming.  The modules shall have a minimum of 2 diagnostic LEDs mounted behind a finished cover plate.  A green LED...
	1 Temperature: 32PoPF to 120PoPF (0PoPC to 49PoPC)
	2 Humidity: 0-93% RH, non-condensing

	B. Single Input Module
	1 Addressable intelligent single input modules shall be provided as required for the system configuration.  The single input module shall provide one (1) supervised Class B input circuit.  The module shall be suitable for mounting on 4” square electri...
	1 Normally-Open Alarm Latching (Manual Stations, Smoke Detectors, etc.)
	2 Normally-Open Alarm Delayed Latching (Waterflow Switches)
	3 Normally-Open Active Non-Latching (Monitors, Fans, Dampers, Doors, etc.)
	4 Normally-Open Active Latching (Supervisory, Tamper Switches)


	C. Dual Input Module
	1 Addressable intelligent dual input modules shall be provided as required for the system configuration.  The dual input module shall provide two (2) supervised Class B input circuits.  The module shall be suitable for mounting on a standard 4” square...
	1 Normally-Open Alarm Latching (Manual Stations, Smoke Detectors, etc.)
	2 Normally-Open Alarm Delayed Latching (Waterflow Switches)
	3 Normally-Open Active Non-Latching (Monitors, Fans, Dampers, Doors, etc.)
	4 Normally-Open Active Latching (Supervisory, Tamper Switches)


	D. Monitor Module
	1 Addressable intelligent monitor modules shall be provided as required for the system configuration.  The monitor module shall support one (1) supervised Class B normally-open active non-latching monitor circuit.  The monitor module shall be suitable...

	E. Waterflow/Tamper Module
	1 Addressable intelligent waterflow/tamper modules shall be provided as required for the system configuration.  The waterflow/tamper module shall support two (2) supervised Class B input circuits.  Channel A shall support a normally-open alarm delayed...

	F. Single Input Signal Module
	1 Addressable intelligent single input signal modules shall be provided as required for the system configuration.  The single input signal module shall provide one (1) supervised Class B output circuit capable of supporting the operation of an audible...

	G. Dual Input Signal Module
	1 Addressable intelligent dual input signal modules shall be provided as required for the system configuration.  The dual input signal module shall provide a means to selectively connect one of two (2) signaling circuits to one (1) supervised output c...

	H. Control Relay Module
	1 Addressable intelligent control relay modules shall be provided as required for the system configuration.  The control relay module shall provide one form “C” dry relay contact rated at 2 amps @ 24 Vdc to control external appliances or equipment shu...

	I. Universal Class A/B Module
	1 Addressable intelligent class A/B modules shall be provided as required for the system configuration.  The universal class A/B module shall be capable of numerous operations.  The module shall be suitable for mounting on a standard 4” square electri...
	1 Two (2) supervised Class B Normally-Open Alarm Latching.
	2 Two (2) supervised Class B Normally-Open Alarm Delayed Latching.
	3 Two (2) supervised Class B Normally-Open Active Non-Latching.
	4 Two (2) supervised Class B Normally-Open Active Latching.
	5 One (1) form “C” dry relay contact rated at 2 amps @ 24 Vdc.
	6 One (1) supervised Class A Normally-Open Alarm Latching.
	7 One (1) supervised Class A Normally-Open Alarm Delayed Latching.
	8 One (1) supervised Class A Normally-Open Active Non-Latching.
	9 One (1) supervised Class A Normally-Open Active Latching.
	10 One (1) supervised Class A 2-wire Smoke Alarm Non-Verified.
	11 One (1) supervised Class B 2-wire Smoke Alarm Non-Verified.
	12 One (1) supervised Class A 2-wire Smoke Alarm Verified
	13 One (1) supervised Class B 2-wire Smoke Alarm Verified
	14 One (1) supervised Class A Signal Circuit, 24Vdc @ 2A.
	15 One (1) supervised Class B Signal Circuit, 24Vdc @ 2A.



	2.5 MANUAL PULL STATIONS
	A. Addressable intelligent dual action, non-break glass type, key reset, semi-flush mounted manual pull stations shall be provided as indicated on the Drawings.  The stations shall be of Lexan construction, finished in red with white molded raised let...
	1 Temperature: 32PoPF to 120PoPF (0PoPC to 49PoPC)
	2 Humidity: 0-93% RH, non-condensing


	2.6 NOTIFICATION APPLIANCES
	A. General
	1 All appliances shall be UL listed for Fire Protective Service.  All audible appliances, visual appliances and combination audible/visual appliances shall be capable of providing the  equivalent facilitation  which is allowed under the Americans with...

	B. Audible Only Notification Appliances
	1 Audible appliances shall be a mylar cone type speaker.  Paper type cones are not acceptable.  The rear of the speaker shall be completely sealed protecting the cone during and after installation.  Speakers shall  provide power taps at 1/4w, 1/2w, 1w...
	2 Audible appliances shall be provided with in/out wiring terminals.
	3 Audible appliances shall be flush for ceiling mounted and flush/semi-flush for wall mounted as indicated on the Drawings.  They shall have a white faceplate for ceiling mounting and red faceplate for wall mounting.  They shall mount to a standard 4"...

	C. Visual Only Notification Appliances
	1 Visual appliances shall be a self-synchronized strobe.  The strobe flashtube shall be enclosed in a rugged lexan lens with solid state circuitry.  The strobe shall provide 15, 15/75, 30, 60 and 110 candela synchronized flash outputs.  The strobe int...
	2 Visual appliances shall be provided with in/out field wiring terminals.
	3 Visual appliances shall have lens markings oriented for wall mounting where indicated on the Drawings.  They shall have a red faceplate for flush/semi-flush wall mounting.  They shall mount to a standard 4" square electrical outlet box.

	D. Combination Audible/Visual Notification Appliances
	1 Combination appliances shall be a combination of the audible and visual appliances specified previously.  They shall have a red faceplate for flush/semi-flush wall mounting.
	2 The majority, if not all, of the notification appliances shall be combination devices such that the visual and audible requirements of ADA shall be complied with.  Visual notification appliances shall be located in all areas of common use, i.e. lobb...


	2.7 ANCILLARY DEVICES
	A. Remote Relays
	1 Multi-Voltage Control Relays
	1 Remote control relays shall be provided as required for the system configuration for connection to supervised ancillary circuits for control of fans, dampers, door releases, etc.  Relay contact ratings shall be SPDT or DPDT, as required, and rated f...

	2 Manual Override Control Relays
	1 Remote control relays with a manual override shall be provided as required for the system configuration for connection to supervised ancillary circuits for control of fans, dampers, door releases, etc.  Relay contact ratings shall be SPDT and rated ...

	3 Heavy Duty Power Relays
	1 Remote control relays shall be provided as required for the system configuration for connection to supervised ancillary circuits for control of fans, dampers, door releases, etc.  Relay contact ratings shall be DPDT and rated for 30 amperes at 300 V...



	2.8 ELECTROMAGNETIC DOOR HOLDERS
	A. Provide single or double door, floor or wall mounted electromagnetic door holder/release devices as indicated on the Drawings.  The devices shall be rated for 24V ac/dc input. The devices shall be brushed zinc finished.

	2.9 FIRE ALARM CABLE
	A. The fire alarm cable shall plenum rated and be UL listed and suitable for use as power limited fire protective signaling circuit cable in accordance with National Electric Code Article 760 (Fire Alarm Systems) and Article 725 (Class 1, Class 2 and ...
	B. Cable Construction
	1 Conductors shall be solid, soft annealed, uncoated copper.
	2 Insulation shall be 300 volt, 105ºC polyvinylchloride.
	3 Two conductor, non-shielded cables shall be parallel; shielded and three or more conductors shall be cabled round.
	4 Shielding shall be mylar backed aluminum foil, helically wrapped to provide 100% coverage.  A suitable copper drain wire shall be provided with shielded cables.
	5 Jacket shall be red, 105ºC polyvinylchloride, rated 300 volt.
	6 Cable shall be plenum rated when installed in air handling plenums.

	C. In general, non-shielded cable is acceptable for use throughout except on voice circuits.  All voice circuits shall utilize shielded, twisted pair cable.

	PART 3 - EXECUTION
	3.1 APPROVALS
	A. Complete fire alarm system drawings shall be issued to the Local Authority Having Jurisdiction for approval prior to the installation of the fire alarm system.

	3.2 INSTALLATION
	A. Installation of the Fire Alarm System shall be in strict compliance with manufacturers recommendations.  The entire system shall be installed in accordance with approved manufacturers manuals and wiring diagrams and as approved by the Local Authori...
	B. Fire alarm cable shall be installed in conduit in areas of exposed structure and within inaccessible ceilings.  Conduit shall also be provided from outlet boxes within walls stubbed up to accessible ceilings.  Provide end bushings on conduit stub-u...
	C. All conduit, wiring, outlet boxes, junction boxes, cabinets and similar devices necessary for the complete installation shall be included as part of the system.  All junction box blank coverplates shall be labeled with a red “F.A.” for identificati...
	D. All wiring shall be color coded throughout.
	E. The system shall be installed and fully tested under the supervision of trained manufacturer's representatives. The system shall be demonstrated to perform all the functions as specified.
	END OF SECTION


	16741-Telephone and Data Communication
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification sections, apply to work covered by this Section.
	B. Comply with Division 16 Sections, as applicable.  Refer to other Divisions for coordination of work.

	1.2 SCOPE OF WORK
	A. Provide labor, materials, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of a telephone and data communications empty conduit system, including all related systems and accessories.
	B. Refer to section 17120 and  16740 for wiring.

	1.3 SUBMITTALS
	A. Submit product data and shop drawings in accordance with Division 1 for products specified under  PART 2 - PRODUCTS.

	PART 2 - PRODUCTS
	2.1 GENERAL
	A. Conduit, conduit sleeves, outlet boxes, cover plates and pullwire as indicated.
	B. Fireproofing material for telephone and data communication conduit and conduit sleeves through fire rated walls and floors.

	PART 3 - EXECUTION
	3.1 INSTALLATION
	A. Install telephone and data communication raceways as indicated.
	B. Install individual raceways from telephone and data communications outlets to above accessible ceiling.  In areas without a ceiling, raceways shall be routed to the nearest ceiling space.  In building without a ceiling, raceways shall be extended b...
	1 Minimum size conduit:  one inch.
	2 Raceway installation shall be in accordance with Section 16130.
	3 Coordinate raceway installations in millwork and other fabricated architectural items with the other portions of the Work.
	4 Provide pullwire in each raceway tagged on each end.
	5 Raceways shall be terminated with an insulating bushing or a suitable connector with an insulated throat.

	C. Provide telephone and data communications outlet boxes.
	1 Provide a one-gang outlet unless noted otherwise.
	2 Install outlet box and device ring at each location.
	3 Install telephone and data communications outlets at same height specified for convenience outlets unless noted otherwise.  Group telephone and data communications outlets with related receptacle outlets unless noted otherwise.
	4 Install a blank cover plate on all unused communications outlet boxes.
	END OF SECTION



	16900 - Equip Connections and Control Wiring
	PART 1 - GENERAL
	1.1 RELATED REQUIREMENTS
	A. The General Provisions, Supplemental General Provisions, Special Provisions and Division 1 Specification sections, apply to work covered by this Section.
	B. Comply with Division 16 Sections, as applicable.  Refer to other Divisions for coordination of work.
	C. The furnishing and installation of control power wiring required for equipment furnished under Division 15 and not shown on the electrical drawings shall be furnished under Division 15.  Control power wiring is defined as the line voltage (120V) po...
	D. The furnishing and installation of the temperature control wiring, energy management system or building automation wiring not shown on the electrical drawings shall be furnished under Division 15.  Temperature control, energy management system and ...

	1.2 SCOPE OF WORK
	A. Provide labor, materials, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of power wiring to each motor-driven and/or electrically-operated system or unit of equipment.
	B. Provide labor, materials, equipment, tools and services, and perform operations required for, and reasonably incidental to, the providing of the line voltage wiring serving power to a motor(s) or piece of electric powered equipment.  The wiring sha...
	C. All control wiring above the ceiling or in the A/C return plenum shall be plenum rated cable.
	D. Provide labor, materials, equipment, tools and services and perform operations required for, and reasonably incidental to, the providing of control wiring for miscellaneous systems.  The Contractor shall be responsible for reviewing the project spe...
	E. Provide labor, materials, equipment, tools and services, and perform operations required for and reasonably incidental to, the providing of a fully connected and operating smoke damper installation.  Coordinate with the mechanical contractor th req...
	1 The mechanical contractor will provide the smoke dampers and actuators as indicated in the specifications and on the plans.  In addition, if the smoke dampers have pneumatic actuators, the mechanical contractor will provide all control air piping fr...
	2 The electrical contractor shall provide the power wiring for the smoke damper actuators.
	3 The fire alarm contractor shall provide the signal and control wiring for the operation of the smoke dampers including all wiring of EP and/or PE switches.


	PART 2 - PRODUCTS
	2.1 MATERIALS
	A. Materials and equipment provided hereinafter shall comply with other Division 16 Sections and with Division 15 of these Specifications.
	PART 3 - EXECUTION

	3.1 MOTORS
	A. Except for items that are furnished with factory-installed, integral motors, an electric motor of required size and electrical characteristics will be provided and installed as specified in Division 15 for each item of motor-driven equipment.  As p...
	B. Where disconnect switches or circuit breakers are not provided integral with control equipment for motors and other electrical appurtenances, provide and install all disconnect switches required by the National Electrical Code and/or as indicated o...

	3.2 SYSTEM, EQUIPMENT AND DEVICE WIRING
	A. Connect complete for operation all items of heating, ventilation, air conditioning, plumbing, fire protection and all electrical systems, equipment and devices furnished by the Owner or specified in other Divisions of the Specifications.  System, e...

	END OF SECTION




