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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. Concrete base construction requirements. 
2. Escutcheons. 
3. Dielectric fittings. 
4. Flexible connectors. 
5. Mechanical sleeve seals. 
6. Nonshrink grout for equipment installations. 
7. Field-fabricated metal and wood equipment supports. 
8. Mechanical demolition. 
9. Cutting and patching. 
10. 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. 
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1.4 SUBMITTALS 

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

1.5 QUALITY ASSURANCE 

A. 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 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. 

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. 



Jacona Collection Center  9/10/15 

BASIC MECHANICAL MATERIALS AND METHODS 15050 - 3 
 

PART 2 - PRODUCTS 

2.1 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. 

2.2 FLEXIBLE CONNECTORS 

A. General:  Fabricated from materials suitable for system fluid and that will provide flexible pipe 
connections.  Include 125-psig minimum working-pressure rating, unless higher working pressure is 
indicated, and ends according to the following: 

1. 2-Inch NPS and Smaller:  Threaded. 
2. 2-1/2-Inch NPS and Larger:  Flanged. 
3. Option for 2-1/2-Inch NPS and Larger:  Grooved for use with keyed couplings. 

B. Bronze-Hose, Flexible Connectors:  Corrugated, bronze, inner tubing covered with bronze wire braid.  
Include copper-tube ends or bronze flanged ends, braze welded to hose. 

C. Stainless-Steel-Hose/Steel Pipe, Flexible Connectors:  Corrugated, stainless-steel, inner tubing covered 
with stainless-steel wire braid.  Include steel nipples or flanges, welded to hose. 

D. Stainless-Steel-Hose/Stainless-Steel Pipe, Flexible Connectors:  Corrugated, stainless-steel, inner tubing 
covered with stainless-steel wire braid.  Include stainless-steel nipples or flanges, welded to hose. 

E. Rubber, Flexible Connectors:  CR or EPDM elastomer rubber construction, with multiple plies of NP 
fabric, molded and cured in hydraulic presses.  Include 125-psig minimum working-pressure rating at 
220 deg F.  Units may be straight or elbow type, unless otherwise indicated. 

2.3 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. 

2.4 PIPING SPECIALTIES 

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

1. Steel Sheet Metal:  0.0239-inch 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. 
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a. Underdeck Clamp:  Clamping ring with set screws. 

5. PVC:  Manufactured, permanent, with nailing flange for attaching to wooden forms. 
6. PVC Pipe:  ASTM D 1785, Schedule 40. 
7. PE:  Manufactured, reusable, tapered, cup shaped, smooth outer surface, with nailing flange for 

attaching to wooden forms. 

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 Brass:  Split casting, with concealed hinge and set screw. 

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

5. Stamped Steel:  One piece, with set screw and chrome-plated finish. 
6. Stamped Steel:  One piece, with spring clips and chrome-plated finish. 
7. Stamped Steel:  Split plate, with concealed hinge, set screw, and chrome-plated finish. 
8. Stamped Steel:  Split plate, with concealed hinge, spring clips, and chrome-plated finish. 
9. Stamped Steel:  Split plate, with exposed-rivet hinge, set screw, and chrome-plated finish. 
10. Stamped Steel:  Split plate, with exposed-rivet hinge, spring clips, and chrome-plated finish. 
11. Cast-Iron Floor Plate:  One-piece casting. 

2.5 IDENTIFYING DEVICES AND LABELS 

A. General:  Manufacturer's standard products of categories and types required for each application as 
referenced in other Division 15 Sections.  If more than one type is specified for application, selection is 
Installer's option, but provide one selection for each product category. 

2.6 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, 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. 
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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 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.  
Use split-casting escutcheons if required, for existing piping. 

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. 

D. Sleeves are not required for core drilled holes. 

E. Permanent sleeves are not required for holes formed by PE removable sleeves. 

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

G. 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 2 inches 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 1/4-inch annular clear space between sleeve and pipe or 

pipe insulation.  Use the following sleeve materials: 

a. PVC Pipe Sleeves:  For pipes smaller than 6-inch NPS. 
b. Steel Pipe Sleeves:  For pipes smaller than 6-inch NPS. 
c. Steel, Sheet-Metal Sleeves:  For pipes 6-inch NPS and larger, penetrating gypsum-board 

partitions. 
d. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing.  Secure 

flashing between clamping flanges.  Install section of cast-iron soil pipe to extend sleeve to 
2 inches above finished floor level.  Refer to Division 7 Section "Sheet Metal Flashing and 
Trim" for flashing. 

1) Seal space outside of sleeve fittings with nonshrink, nonmetallic grout. 

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

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

H. Aboveground, Exterior-Wall, Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve 
seals.  Size sleeve for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve 
seals. 
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1. Install steel pipe for sleeves smaller than 6 inches in diameter. 
2. Install cast-iron "wall pipes" for sleeves 6 inches 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. 

I. Underground, Exterior-Wall, Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal pipe 
penetrations using mechanical sleeve seals.  Size sleeve for 1-inch annular clear space between pipe and 
sleeve for installing mechanical sleeve seals. 

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. 

J. 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 Section 
"Firestopping" for materials. 

K. Verify final equipment locations for roughing-in. 

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

3.2 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment 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 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. Apply paint to exposed piping according to the following, unless otherwise indicated: 

1. Interior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include finish coat over enamel 
undercoat and primer. 

2. Interior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats 
over galvanized metal primer. 

3. Interior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include finish coat over enamel 
undercoat and primer. 

4. Exterior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats over 
rust-inhibitive metal primer. 

5. Exterior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats 
over galvanized metal primer. 
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6. Exterior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include two finish coats over 
rust-inhibitive metal primer. 

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, 28-day compressive-strength concrete and reinforcement. 

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 ERECTION OF WOOD SUPPORTS AND ANCHORAGE 

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and anchor mechanical 
materials and equipment. 

B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will 
receive finish materials.  Tighten connections between members.  Install fasteners without splitting wood 
members. 

C. Attach to substrates as required to support applied loads. 

3.7 DEMOLITION 

A. Disconnect, demolish, and remove Work specified in Division 15 Sections. 

B. If pipe, ductwork, insulation, or equipment to remain is damaged or disturbed, remove damaged portions 
and install new products of equal capacity and quality. 

C. Accessible Work:  Remove indicated exposed pipe and ductwork in its entirety. 

D. Work Abandoned in Place:  Cut and remove underground pipe a minimum of 2 inches beyond face of 
adjacent construction.  Cap and patch surface to match existing finish. 

E. Removal:  Remove indicated equipment from Project site. 

F. Temporary Disconnection:  Remove, store, clean, reinstall, reconnect, and make operational equipment 
indicated for relocation. 
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3.8 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. 

3.9 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. 

END OF SECTION 15050 
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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. Equipment signs. 
4. Access panel and door markers. 
5. Pipe markers. 
6. Duct markers. 
7. Stencils. 
8. Valve tags. 
9. Valve schedules. 
10. Warning tags. 

1.3 SUBMITTALS 

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

B. Samples:  For color, letter style, and graphic representation required for each identification material and 
device. 

C. Valve numbering scheme. 

D. Valve Schedules:  For each piping system.  Furnish extra copies (in addition to mounted copies) to 
include in maintenance manuals. 

1.4 QUALITY ASSURANCE 

A. ASME Compliance:  Comply with ASME A13.1, "Scheme for the Identification of Piping Systems," for 
letter size, length of color field, colors, and viewing angles of identification devices for piping. 

1.5 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. 
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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:  2-1/2 by 4 inches for control devices, dampers, and valves; 4-1/2 by 6 inches for equipment. 

C. Equipment Signs:  ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-laminate engraving stock; 
Grade ES-2, black surface, black phenolic core, with white melamine subcore, unless otherwise indicated.  
Fabricate in sizes required for message.  Provide holes for mechanical fastening. 

1. Data:  Instructions for operation of equipment and for safety procedures. 
2. Engraving:  Manufacturer's standard letter style, of sizes and with terms to match equipment 

identification. 
3. Thickness:  1/16 inch for units up to 20 sq. in. or 8 inches in length, and 1/8 inch for larger units. 
4. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive. 

D. Access Panel and Door Markers:  1/16-inch thick, engraved laminated plastic, with abbreviated terms and 
numbers corresponding to identification.  Provide 1/8-inch center hole for attachment. 

1. 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. 
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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:  Full-band pipe markers extending 360 
degrees around pipe at each location. 

4. Pipes with OD, Including Insulation, 6 Inches 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 3 mils thick with pressure-sensitive, permanent-
type, self-adhesive back. 

1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 Inches:  3/4 inch 
minimum. 

2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches or Larger:  1-1/2 inches 
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 STENCILS 

A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; minimum letter height of 1-1/4 
inches for ducts; and minimum letter height of 3/4 inch for access panel and door markers, equipment 
markers, equipment signs, and similar operational instructions. 

1. Stencil Material:  Metal or fiberboard. 
2. Stencil Paint:  Exterior, gloss, alkyd enamel black, unless otherwise indicated.  Paint may be in 

pressurized spray-can form. 
3. Identification Paint:  Exterior, alkyd enamel in colors according to ASME A13.1, unless otherwise 

indicated. 

2.5 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch 
numbers, with numbering scheme.  Provide 5/32-inch hole for fastener. 

1. Material:  0.032-inch thick brass or aluminum. 
2. Material:  0.0375-inch thick stainless steel. 
3. Material:  3/32-inch thick laminated plastic with 2 black surfaces and white inner layer. 
4. Valve-Tag Fasteners:  Brass wire-link or beaded chain; or S-hook. 
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2.6 VALVE SCHEDULES 

A. Valve Schedules:  For each piping system, on standard-size bond paper.  Tabulate valve number, piping 
system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating 
position (open, closed, or modulating), and variations for identification.  Mark valves for emergency 
shutoff and similar special uses. 

1. Valve-Schedule Frames:  Glazed display frame for removable mounting on masonry walls for 
each page of valve schedule.  Include mounting screws. 

2. Frame:  Extruded aluminum. 
3. Glazing:  ASTM C 1036, Type I, Class 1, Glazing Quality B, 2.5-mm, single-thickness glass. 

2.7 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags; of plasticized card stock with 
matte finish suitable for writing. 

1. Size:  3 by 5-1/4 inches minimum. 
2. Fasteners:  Brass grommet and wire. 
3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, or DO NOT 

OPERATE. 
4. Color:  Yellow background with black lettering. 

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. Fuel-burning units, including boilers, furnaces, heaters, stills, and absorption units. 
2. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
3. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and similar equipment. 
4. Fans, blowers, primary balancing dampers, and mixing boxes. 
5. 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 for name of units if viewing distance is less than 24 inches, 1/2 
inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing 
distances.  Include secondary lettering two-thirds to three-fourths the size of principal lettering. 

2. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety and 
emergency precautions, warn of hazards and improper operations, and identify units. 
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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. Fuel-burning units, including boilers, furnaces, heaters, stills, and absorption units. 
e. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
f. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and similar 

equipment. 
g. Fans, blowers, primary balancing dampers, and mixing boxes. 
h. Packaged HVAC central-station and zone-type units. 
i. Tanks and pressure vessels. 
j. Strainers, filters, humidifiers, water-treatment systems, and similar equipment. 

C. Stenciled Equipment Marker Option:  Stenciled markers may be provided instead of laminated-plastic 
equipment markers, at Installer's option, if lettering larger than 1 inch high is needed for proper 
identification because of distance from normal location of required identification. 

D. 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. Green and Yellow:  For combination cooling and heating equipment and components. 
d. Brown:  For energy-reclamation equipment and components. 

2. Letter Size:  Minimum 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 
inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing 
distances.  Include secondary lettering two-thirds to three-fourths the size of principal lettering. 

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 and hazardous units such as 
gas outlets. 

b. Fuel-burning units, including boilers, furnaces, heaters, stills, and absorption units. 
c. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
d. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and similar 

equipment. 
e. Fans, blowers, primary balancing dampers, and mixing boxes. 
f. Packaged HVAC central-station and zone-type units. 
g. Tanks and pressure vessels. 
h. Strainers, filters, humidifiers, water-treatment systems, and similar equipment. 

E. Stenciled Equipment Sign Option:  Stenciled signs may be provided instead of laminated-plastic 
equipment signs, at Installer's option, if lettering larger than 1 inch high is needed for proper 
identification because of distance from normal location of required identification. 

F. Install access panel markers with screws on equipment access panels. 
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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:  Pretensioned pipe markers.  Use size to 
ensure a tight fit. 

2. Pipes with OD, Including Insulation, Less Than 6 Inches:  Self-adhesive pipe markers.  Use color-
coded, self-adhesive plastic tape, 1-1/2 inches wide, lapped at least 1-1/2 inches at both ends of 
pipe marker, and covering full circumference of pipe. 

3. Pipes with OD, Including Insulation, 6 Inches and Larger:  Shaped pipe markers.  Use size to 
match pipe and secure with fasteners. 

4. Pipes with OD, Including Insulation, 6 Inches and Larger:  Self-adhesive pipe markers.  Use color-
coded, self-adhesive plastic tape, at least 1-1/2 inches wide, lapped at least 3 inches at both ends of 
pipe marker, and covering full circumference of pipe. 

B. Stenciled Pipe Marker Option:  Stenciled markers may be provided instead of manufactured pipe 
markers, at Installer's option.  Install stenciled pipe markers complying with ASME A13.1 on each piping 
system. 

1. Identification Paint:  Use for contrasting background. 
2. Stencil Paint:  Use for pipe marking. 

C. 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 50 feet along each run.  Reduce intervals to 25 feet 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. Yellow:  For hot-air supply ducts. 
3. Blue:  For exhaust-, outside-, relief-, return-, and mixed-air ducts. 
4. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 
5. Letter Size:  Minimum 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 

inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing 
distances.  Include secondary lettering two-thirds to three-fourths the size of principal lettering. 

B. Stenciled Duct Marker Option:  Stenciled markers, showing service and direction of flow, may be 
provided instead of laminated-plastic duct markers, at Installer's option, if lettering larger than 1 inch high 
is needed for proper identification because of distance from normal location of required identification. 
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C. Locate markers near points where ducts enter into concealed spaces and at maximum intervals of 50 feet  
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 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, round. 
b. Hot Water:  1-1/2 inches, round. 
c. Fire Protection:  1-1/2 inches, round. 
d. Gas:  1-1/2 inches, round. 
e. Steam:  1-1/2 inches, round. 

3.6 VALVE-SCHEDULE INSTALLATION 

A. Mount valve schedule on wall in accessible location in each major equipment room. 

3.7 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items where required. 

3.8 ADJUSTING 

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

3.9 CLEANING 

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

END OF SECTION 15075 
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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. Angle valves. 
2. Ball valves. 
3. Butterfly valves. 
4. Check valves. 
5. Gate valves. 
6. Plug valves. 

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

B. NSF Compliance:  NSF 61 for valve materials for potable-water service. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. 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. 

PART 2 - PRODUCTS 

2.1 VALVES, GENERAL 

A. Bronze Valves:  NPS 2 and smaller with threaded ends, unless otherwise indicated. 

B. Ferrous Valves:  NPS 2-1/2 and larger with flanged ends, unless otherwise indicated. 

C. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures 
and temperatures. 

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

E. Valve Actuators: 

1. Chainwheel:  For attachment to valves, of size and mounting height. 
2. Gear Drive:  For quarter-turn valves NPS 8 and larger. 
3. Handwheel:  For valves other than quarter-turn types. 
4. Lever Handle:  For quarter-turn valves NPS 6 and smaller, except plug valves. 
5. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for every 10 plug 

valves, for each size square plug head. 

F. Extended Valve Stems:  On insulated valves. 

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

2.2 BRONZE ANGLE VALVES 

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

B. Class 125, Bronze Angle Valves:  Bronze body with bronze disc and renewable seat. Include union-ring 
bonnet. 

C. Class 150, Bronze Angle Valves:  Bronze body with bronze disc and renewable seat. Include union-ring 
bonnet. 

D. Class 200, Bronze Angle Valves:  Bronze body with bronze disc and renewable seat. Include union-ring 
bonnet. 
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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 minimum CWP rating. 

C. Two-Piece, Copper-Alloy Ball Valves:  Brass or bronze body with full-port, chrome-plated bronze ball; 
PTFE or TFE seats; and 600-psig minimum CWP rating and blowout-proof stem. 

2.4 FERROUS-ALLOY BALL VALVES 

A. Ferrous-Alloy Ball Valves, General:  MSS SP-72, with flanged ends. 

B. Ferrous-Alloy Ball Valves:  Class 150, full port. 

C. Ferrous-Alloy Ball Valves:  Class 300, full port. 

2.5 FERROUS-ALLOY BUTTERFLY VALVES 

A. Ferrous-Alloy Butterfly Valves, General:  MSS SP-67, Type I, for tight shutoff, with disc and lining 
suitable for potable water, unless otherwise indicated. 

B. Flangeless, 150-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer type with one- or two-piece 
stem. 

C. Flangeless, 175-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer type with one- or two-piece 
stem. 

D. Flangeless, 200-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer type with one- or two-piece 
stem. 

E. Flanged, 150-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Flanged-end type with one- or two-
piece stem. 

F. Flanged, 175-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Flanged-end type with one- or two-
piece stem. 

G. Flanged, 200-psig CWP Rating, Ferrous-Alloy Butterfly Valves:  Flanged-end type with one- or two-
piece stem. 

2.6 BRONZE CHECK VALVES 

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

B. Class 125, Bronze, Swing Check Valves:  Bronze body with bronze disc and seat. 

C. Class 150, Bronze, Swing Check Valves:  Bronze body with bronze disc and seat. 

D. Class 200, Bronze, Swing Check Valves:  Bronze body with bronze disc and seat. 
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2.7 FERROUS-ALLOY WAFER CHECK VALVES 

A. Ferrous-Alloy Wafer Check Valves, General:  API 594, spring loaded. 

B. Single-Plate, Class 125 or 150, Ferrous-Alloy, Wafer Check Valves:  Flangeless body. 

C. Single-Plate, Class 250 or 300, Ferrous-Alloy, Wafer Check Valves:  Flangeless body. 

D. Single-Plate, Class 125 or 150, Ferrous-Alloy, Wafer-Lug Check Valves:  Single-flange body. 

E. Single-Plate, Class 250 or 300, Ferrous-Alloy, Wafer-Lug Check Valves:  Single-flange body. 

2.8 BRONZE GATE VALVES 

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

B. Class 125, Bronze Gate Valves:  Bronze body and bronze solid wedge and union-ring bonnet. 

C. Class 150, Bronze Gate Valves:  Bronze body and bronze solid wedge and union-ring bonnet. 

D. Class 200, Bronze Gate Valves:  Bronze body and bronze solid wedge and union-ring bonnet. 

2.9 CAST-IRON GATE VALVES 

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

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

C. Class 250, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, and solid-wedge 
disc. 

2.10 CAST-IRON PLUG VALVES 

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

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

C. Class 250 or 300, lubricated-type, cast-iron plug valves. 

D. Class 125 or 150, nonlubricated-type, cast-iron plug valves. 

E. Class 250, nonlubricated-type, cast-iron plug valves. 
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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:  Angle, ball, butterfly, or globe valves. 
3. Pump Discharge:  Spring-loaded, 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. 

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. 

F. Install check valves for proper direction of flow and as follows: 
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1. Swing Check Valves:  In horizontal position with hinge pin level. 
2. Lift Check Valves:  With stem upright and plumb. 

3.4 JOINT CONSTRUCTION 

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

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. 

3.5 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into service but before final 
adjusting and balancing.  Replace valves if persistent leaking occurs. 

END OF SECTION 15110 
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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. 

1.3 DEFINITIONS 

A. CPVC:  Chlorinated polyvinyl chloride plastic. 

B. PA:  Polyamide (nylon) plastic. 

C. PE:  Polyethylene plastic. 

D. PEX:  Crosslinked polyethylene plastic. 

E. PP:  Polypropylene plastic. 

F. PVC:  Polyvinyl chloride plastic. 

1.4 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 Service Piping:  100 psig. 
2. Domestic Water Distribution Piping:  80 psig. 

1.5 SUBMITTALS 

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

1.6 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 
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B. Comply with NFPA 24, "Installation of Private Fire Service Mains and Their Appurtenances," and 
NSF 61, "Drinking Water System Components-Health Effects; Sections 1 through 9," for combined fire-
protection and domestic water service piping to building. 

C. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic, potable domestic 
water piping and components.  Include marking "NSF-pw" on piping. 

D. 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. 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. 

B. 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. Soft Copper Tube:  ASTM B 88, Types K and L, water tube, annealed temper. 

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. 

B. Hard Copper Tube:  ASTM B 88, Types L and M, water tube, drawn temper. 

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 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. 

2.3 PEX PIPING 

A. PEX Tube:  ASTM F 876, SDR 9. 

1. Brass Fittings:  Insert type with corrosion-resistant metal bands. 
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B. PEX Distribution System:  ASTM F 877, SDR 9 tubing. 

1. Fittings for PEX Tube:  Brass insert type with metal bands or brass or plastic compression type 
complying with ASTM F 877 and matching PEX tube dimensions. 

2. Manifold:  Multiple-outlet, plastic or corrosion-resistant-metal assembly complying with 
ASTM F 877 and with plastic or corrosion-resistant-metal valve for each outlet. 

2.4 VALVES 

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

PART 3 - EXECUTION 

3.1 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. Underground Domestic Water Service Piping:  Use the following piping materials for each size range: 

1. NPS 2 and Smaller:  Soft copper tube, Type K; copper pressure fittings; and soldered joints. 
2. NPS 2 and Smaller:  PEX tube; brass fittings; and mechanical, compression or banded joints. 
3. NPS 2-1/2 to NPS 3-1/2:  Soft copper tube, Type K; copper pressure fittings; and soldered joints. 

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

1. NPS 1-1/2 and Smaller:  Hard copper tube, Type L; copper pressure fittings; and soldered joints. 
2. NPS 2:  Hard copper tube, Type L; copper pressure fittings; and soldered joints. 
3. NPS 2-1/2 to NPS 3-1/2:  Hard copper tube, Type L; copper pressure fittings; and soldered joints. 
4. NPS 4 to NPS 6:  Steel pipe; gray-iron, threaded fittings; and threaded joints. 
5. NPS 4 to NPS 6:  Steel pipe with grooved ends; steel-piping, grooved-end fittings; steel-piping, 

keyed couplings; and grooved joints. 
6. NPS 8:  Steel pipe with grooved ends; steel-piping, grooved-end fittings; steel-piping, keyed 

couplings; and grooved joints. 

3.2 PIPING INSTALLATION 

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

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

C. Install underground PEX tubing according to ASTM D 2774 and ASTM F 645. 
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D. 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. 

E. 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. 

F. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve, inside building 
at each domestic water service. 

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

H. Install aboveground domestic water piping level and plumb. 

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

J. 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. 
5. Remove and clean strainer screens.  Close drain valves and replace drain plugs. 
6. Remove filter cartridges from housings, and verify that cartridges are as specified for application 

where used and that cartridges are clean and ready for use. 

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

L. Check plumbing specialties and verify proper settings, adjustments, and operation. 

1. Water-Pressure Regulators:  Set outlet pressure at 80 psig maximum, unless otherwise indicated. 

M. Energize pumps and verify proper operation. 

3.3 JOINT CONSTRUCTION 

A. 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. 

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

C. 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. 
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3.4 ROUGHING-IN FOR WATER METERS 

A. Rough-in domestic water piping according to utility company's requirements.  Water meters will be 
furnished by utility. 

3.5 VALVE INSTALLATION 

A. Install sectional valve close to water main on each branch and riser serving plumbing fixtures or 
equipment.  Use ball or gate valves for piping NPS 2 and smaller.  Use butterfly or gate valves for piping 
NPS 2-1/2 and larger. 

B. 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 and smaller.  Use butterfly or gate valves 
for piping NPS 2-1/2 and larger. 

C. Install drain valves for equipment, at base of each water riser, at low points in horizontal piping, and 
where required to drain water piping. 

1. Install hose-end drain valves at low points in water mains, risers, and branches. 
2. Install stop-and-waste drain valves where indicated. 

D. Install balancing valve in each hot-water circulation return branch and discharge side of each pump and 
circulator.  Set balancing valves partly open to restrict but not stop flow.  Use ball valves for piping 
NPS 2 and smaller and butterfly valves for piping NPS 2-1/2 and larger.  Refer to Division 15 
Section "Plumbing Specialties" for balancing valves. 

E. 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. 

3.6 HANGER AND SUPPORT INSTALLATION 

A. 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 and Less:  MSS Type 1, adjustable, steel clevis hangers. 
b. Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers. 
c. Longer Than 100 Feet, if Indicated:  MSS Type 49, spring cushion rolls. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, pipe rolls.  Support 
pipe rolls on trapeze. 

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

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

C. Rod diameter may be reduced 1 size for double-rod hangers, to a minimum of 3/8 inch. 

D. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod 
diameters: 
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1. NPS 1-1/4 and Smaller:  84 inches with 3/8-inch rod. 
2. NPS 1-1/2:  108 inches with 3/8-inch rod. 
3. NPS 2:  10 feet with 3/8-inch rod. 
4. NPS 2-1/2:  11 feet with 1/2-inch rod. 
5. NPS 3 and NPS 3-1/2:  12 feet with 1/2-inch rod. 
6. NPS 4 and NPS 5:  12 feet with 5/8-inch rod. 
7. NPS 6:  12 feet with 3/4-inch rod. 
8. NPS 8 to NPS 12:  12 feet with 7/8-inch rod. 

E. Install supports for vertical steel piping every 15 feet. 

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

1. NPS 3/4 and Smaller:  60 inches with 3/8-inch rod. 
2. NPS 1 and NPS 1-1/4:  72 inches with 3/8-inch rod. 
3. NPS 1-1/2 and NPS 2:  96 inches with 3/8-inch rod. 
4. NPS 2-1/2:  108 inches with 1/2-inch rod. 
5. NPS 3 to NPS 5:  10 feet with 1/2-inch rod. 
6. NPS 6:  10 feet with 5/8-inch rod. 
7. NPS 8:  10 feet with 3/4-inch  rod. 

G. Install supports for vertical copper tubing every 10 feet. 

3.7 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. Booster Systems:  Cold-water suction and discharge piping. 
2. Water Heaters:  Cold-water supply and hot-water outlet piping in sizes indicated, but not smaller 

than sizes of water heater connections. 
3. Plumbing Fixtures:  Cold- and hot-water supply piping in sizes indicated, but not smaller than 

required by plumbing code. 
4. 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 and larger. 

3.8 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: 
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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 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. 

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. 

3.9 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. 

3.10 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 50 ppm 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 200 ppm  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. 
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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 15140 
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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. 

1.3 DEFINITIONS 

A. The following are industry abbreviations for plastic and rubber piping materials: 

1. ABS:  Acrylonitrile-butadiene-styrene plastic. 
2. EPDM:  Ethylene-propylene-diene terpolymer. 
3. NBR:  Acrylonitrile-butadiene rubber. 
4. PE:  Polyethylene plastic. 
5. 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. 
2. Sanitary Sewer, Force-Main Piping:  50 psig. 

1.5 SUBMITTALS 

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

1.6 QUALITY ASSURANCE 

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

B. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for plastic piping 
components.  Include marking with "NSF-dwv" for plastic drain, waste, and vent piping; "NSF-drain" for 
plastic drain piping; "NSF-tubular" for plastic continuous waste piping; and "NSF-sewer" for plastic 
sewer piping. 
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PART 2 - PRODUCTS 

2.1 PIPING MATERIALS 

A. 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. 

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

2.2 CAST-IRON SOIL PIPING 

A. Hub-and-Spigot Pipe and Fittings:  ASTM A 74, Service class. 

1. Gaskets:  ASTM C 564, rubber. 

B. Hubless Pipe and Fittings:  ASTM A 888 or CISPI 301. 

1. Couplings:  ASTM C 1277 assembly of metal housing, corrosion-resistant fasteners, and 
ASTM C 564 rubber sleeve with integral, center pipe stop. 

a. Heavy-Duty, Type 304, Stainless-Steel Couplings:  ASTM A 666, Type 304, stainless-steel 
shield; stainless-steel bands; and sleeve. 

1) NPS 1-1/2 to NPS 4:  3-inch- wide shield with 4 bands. 
2) NPS 5 to NPS 10:  4-inch- wide shield with 6 bands. 

b. Heavy-Duty, FM-Approved Couplings:  ASTM A 666, Type 304, stainless-steel housing; 
stainless-steel bands; and sleeve. 

1) NPS 1-1/2 to NPS 4:  3-inch- wide housing with 2 bands. 
2) NPS 5 to NPS 10:  4-inch- wide housing with 2 bands. 

c. Heavy-Duty, Cast-Iron Couplings:  ASTM A 48, 2-piece, cast-iron housing; stainless-steel 
bolts and nuts; and sleeve. 

2.3 ABS PIPING 

A. ABS Pipe:  ASTM D 2661, Schedule 40, solid wall. 

1. ABS Socket Fittings:  ASTM D 2661, made to ASTM D 3311, drain, waste, and vent patterns. 

B. Cellular-Core, ABS Pipe:  ASTM F 628, Schedule 40. 

1. ABS Socket Fittings:  ASTM D 2661, made to ASTM D 3311, drain, waste, and vent patterns. 

C. ABS Special Fittings:  ASTM F 409, drainage-pattern tube and tubular fittings with ends as required for 
application. 
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2.4 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. Cellular-Core, Schedule 40, PVC Pipe:  ASTM F 891, Schedule 40. 

1. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent patterns and 
to fit Schedule 40 pipe. 

C. Cellular-Core, Sewer and Drain Series, PVC Pipe:  ASTM F 891, Series PS 100. 

1. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent patterns and 
to fit Series PS 100 sewer and drain pipe. 

D. PVC Special Fittings:  ASTM F 409, drainage-pattern tube and tubular fittings with ends as required for 
application. 

PART 3 - EXECUTION 

3.1 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. Soil, Waste, and Vent Piping:  Use the following piping materials for each size range: 

1. NPS 1-1/4 and NPS 1-1/2:  Use NPS 1-1/2 hubless, cast-iron soil piping and one of the following: 

a. Couplings:  Heavy-duty, Type 304, stainless steel. 
b. Couplings:  Heavy-duty, FM approved cast iron. 

2. NPS 1-1/4 and NPS 1-1/2:  Steel pipe; cast-iron, threaded drainage fittings; and threaded joints. 
3. NPS 1-1/4 and NPS 1-1/2:  ABS pipe, ABS socket fittings, and solvent-cemented joints. 
4. NPS 1-1/4 and NPS 1-1/2:  Cellular-core, ABS pipe; ABS socket fittings; and solvent-cemented 

joints. 
5. NPS 1-1/4 and NPS 1-1/2:  PVC pipe, PVC socket fittings, and solvent-cemented joints. 
6. NPS 1-1/4 and NPS 1-1/2:  Cellular-core, Schedule 40, PVC pipe; PVC socket fittings; and 

solvent-cemented joints. 
7. NPS 2 to NPS 4:  Service class, cast-iron soil piping; gaskets; and gasketed joints. 
8. NPS 2 to NPS 4:  Hubless, cast-iron soil piping and one of the following: 

a. Couplings:  Heavy-duty, Type 304, stainless steel. 
b. Couplings:  Heavy-duty, FM approved cast iron. 

9. NPS 2 to NPS 4:  ABS pipe, ABS socket fittings, and solvent-cemented joints. 
10. NPS 2 to NPS 4:  Cellular-core, ABS pipe; ABS socket fittings; and solvent-cemented joints. 
11. NPS 2 to NPS 4:  PVC pipe, PVC socket fittings, and solvent-cemented joints. 
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12. NPS 2 to NPS 4:  Cellular-core, Schedule 40, PVC pipe; PVC socket fittings; and solvent-
cemented joints. 

13. NPS 5 and NPS 6:  Service class, cast-iron soil piping; gaskets; and gasketed joints. 
14. NPS 5 and NPS 6:  Hubless, cast-iron soil piping and one of the following: 

a. Couplings:  Heavy-duty, Type  304, stainless steel. 
b. Couplings:  Heavy-duty, FM approved cast iron. 

15. NPS 5 and NPS 6:  Use NPS 6 ABS pipe, ABS socket fittings, and solvent-cemented joints. 
16. NPS 5 and NPS 6:  Use NPS 6 cellular-core, ABS pipe; ABS socket fittings; and solvent-

cemented joints. 
17. NPS 5 and NPS 6:  Use NPS 6 PVC pipe, PVC socket fittings, and solvent-cemented joints. 
18. NPS 5 and NPS 6:  Cellular-core, Schedule 40, PVC pipe; PVC socket fittings; and solvent-

cemented joints. 

3.2 PIPING INSTALLATION 

A. Install cleanouts at grade and extend to where building sanitary drains connect to building sanitary 
sewers. 

B. Install cleanout fitting with closure plug inside the building in sanitary force-main piping. 

C. 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. 

D. 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. 

E. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," 
Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 

1. Encase underground piping with PE film according to ASTM A 674 or AWWA C105. 

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 1/4 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 fixtures 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. Install soil and waste drainage and vent piping at the following minimum slopes, unless otherwise 
indicated: 

1. Building Sanitary Drain:  2 percent downward in direction of flow for piping NPS 3 and smaller; 
1 percent downward in direction of flow for piping NPS 4 and larger. 

2. Horizontal Sanitary Drainage Piping:  2 percent downward in direction of flow. 
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3. Vent Piping:  1 percent down toward vertical fixture vent or toward vent stack. 

I. Install force mains at elevations 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 ABS soil and waste drainage and vent piping according to ASTM D 2661. 

M. Install PVC soil and waste drainage and vent piping according to ASTM D 2665. 

N. Install underground ABS and PVC soil and waste drainage piping according to ASTM D 2321. 

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

3.3 JOINT CONSTRUCTION 

A. Cast-Iron, Soil-Piping Joints:  Make joints according to CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 

1. Gasketed Joints:  Make with rubber gasket matching class of pipe and fittings. 
2. Hubless Joints:  Make with rubber gasket and sleeve or clamp. 

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

C. PVC Nonpressure Piping Joints:  Join piping according to ASTM D 2665. 

3.4 VALVE INSTALLATION 

A. Shutoff Valves:  Install shutoff valve on each sewage pump discharge. 

1. Use gate or full-port ball valve for piping NPS 2 and smaller. 
2. Use gate valve for piping NPS 2-1/2 and larger. 

B. Check Valves:  Install swing check valve, downstream from shutoff valve, on each sewage pump 
discharge. 

C. Backwater Valves:  Install backwater valves in piping subject to sewage backflow. 

1. Horizontal Piping:  Horizontal backwater valves.  Use normally closed type, unless otherwise 
indicated. 

2. Floor Drains:  Drain outlet backwater valves, unless drain has integral backwater valve. 
3. Install backwater valves in accessible locations. 
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3.5 HANGER AND SUPPORT INSTALLATION 

A. 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 and Less:  MSS Type 1, adjustable, steel clevis hangers. 
b. Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers. 
c. Longer Than 100 Feet, if Indicated:  MSS Type 49, spring cushion rolls. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, pipe rolls.  Support 
pipe rolls on trapeze. 

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

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

C. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum rods. 

D. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum 
rod diameters: 

1. NPS 1-1/2 and NPS 2:  60 inches with 3/8-inch rod. 
2. NPS 3:  60 inches with 1/2-inch rod. 
3. NPS 4 and NPS 5:  60 inches with 5/8-inch rod. 
4. NPS 6:  60 inches with 3/4-inch rod. 
5. NPS 8 to NPS 12:  60 inches with 7/8-inch rod. 
6. NPS 15:  60 inches with 1-inch rod. 
7. Spacing for 10-foot lengths may be increased to 10 feet.  Spacing for fittings is limited to 60 

inches. 

E. Install supports for vertical cast-iron soil piping every 15 feet. 

F. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod 
diameters: 

1. NPS 1-1/4:  84 inches with 3/8-inch rod. 
2. NPS 1-1/2:  108 inches with 3/8-inch rod. 
3. NPS 2:  10 feet with 3/8-inch rod. 
4. NPS 2-1/2:  11 feet with 1/2-inch rod. 
5. NPS 3:  12 feet with 1/2-inch rod. 
6. NPS 4 and NPS 5:  12 feet with 5/8-inch rod. 
7. NPS 6:  12 feet with 3/4-inch rod. 
8. NPS 8 to NPS 12:  12 feet with 7/8-inch rod. 

G. Install supports for vertical steel piping every 15 feet. 

H. Install hangers for ABS and PVC piping with the following maximum horizontal spacing and minimum 
rod diameters: 

1. NPS 1-1/2 and NPS 2:  48 inches with 3/8-inch rod. 
2. NPS 3:  48 inches with 1/2-inch rod. 
3. NPS 4 and NPS 5:  48 inches with 5/8-inch rod. 
4. NPS 6:  48 inches with 3/4-inch rod. 
5. NPS 8 to NPS 12:  48 inches with 7/8-inch rod. 
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I. Install supports for vertical ABS and PVC piping every 48 inches. 

J. 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. 

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. 

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 and larger. 

D. Connect force-main piping to the following: 

1. Sanitary Sewer:  To exterior force main or sanitary manhole. 
2. Sewage Pumps:  To sewage pump discharge. 

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. 
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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.  From 15 minutes before inspection starts to 
completion of inspection, water level must not drop.  Inspect joints for leaks. 

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 1-inch wg.  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. 

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. 

E. Test force-main piping according to procedures of authorities having jurisdiction or, in absence of 
published procedures, as follows: 

1. Leave uncovered and unconcealed new, altered, extended, or replaced force-main piping until it 
has been tested and approved.  Expose work that was covered or concealed before it was tested. 

2. Cap and subject piping to static-water pressure of 50 psig 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. 

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

4. 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. 

3.9 PROTECTION 

A. Exposed ABS and PVC Piping:  Protect plumbing vents exposed to sunlight with two coats of water-
based latex paint. 

END OF SECTION 15150 
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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. 

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. 

B. Maintenance Data:  For plumbing fixtures to include in maintenance manuals specified. 

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. 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. 

C. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and Usable Buildings 
and Facilities and Public Law 101-336, "Americans with Disabilities Act"; about plumbing fixtures for 
people with disabilities. 

D. 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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E. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy Policy Act," 
about water flow and consumption rates for plumbing fixtures. 

F. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for fixture 
materials that will be in contact with potable water. 

G. Select combinations of fixtures and trim, faucets, fittings, and other components that are compatible. 

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. 

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. 

1. Faucet Washers and O-Rings:  Equal to 10 percent of amount of each type and size installed. 
2. Faucet Cartridges and O-Rings:  Equal to 5 percent of amount of each type and size installed. 
3. Faucet, Laminar-Flow Fittings:  Equal to 10 percent of amount of each type and size installed, but 

not less than 2 of each type and size. 
4. Faucet, Flow-Control Fittings:  Equal to 10 percent of amount of each type and size installed. 
5. Supply, Flow-Control Fittings:  Equal to 5 percent of amount of each type and size installed. 
6. Shower, Flow-Control Fittings:  Equal to 5 percent of amount of each type and size installed. 
7. Flushometer Valve, Repair Kits:  Equal to 10 percent of amount of each type installed, but not less 

than 12 of each type. 
8. Flushometer Tank, Repair Kits:  Equal to 5 percent of amount of each type installed, but not less 

than 2 of each type. 
9. Water-Closet Tank, Repair Kits:  Equal to 5 percent of amount of each type installed. 
10. Toilet Seats:  Equal to 5 percent of amount of each type installed. 

PART 2 - PRODUCTS 

2.1 See fixture schedule on contract drawings. 

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. 
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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 carrier supports without waste fitting for fixtures with tubular waste piping. 
3. 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 reached for operation. 

1. Exception:  Use ball, gate, or globe valve if stops are not specified with fixture. 

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 tanks for accessible, tank-type water closets with lever handle mounted on wide side of 
compartment. 

N. Install toilet seats on water closets. 

O. 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. 

P. Install water-supply, flow-control fittings with specified flow rates in fixture supplies at stop valves. 

Q. 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. 

R. Install shower, flow-control fittings with specified maximum flow rates in shower arms. 

S. Install traps on fixture outlets. 
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1. Exception:  Omit trap on fixtures with integral traps. 
2. Exception:  Omit trap on indirect wastes, unless otherwise indicated. 

T. 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. 

U. Seal joints between fixtures and walls, floors, and counters using sanitary-type, one-part, mildew-
resistant, silicone sealant.  Match sealant color to fixture color. 

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. 

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 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. 
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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. 

END OF SECTION 15410 
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SECTION 15738 - SPLIT-SYSTEM AIR-CONDITIONERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes split-system air-conditioning and heat-pump units consisting of separate evaporator-fan 
and compressor-condenser components. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating characteristics, and 
furnished specialties and accessories.  Include performance data in terms of capacities, outlet velocities, 
static pressures, sound power characteristics, motor requirements, and electrical characteristics. 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method 
of field assembly, components, and location and size of each field connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Operation and Maintenance Data:  For split-system air-conditioning units to include in emergency, 
operation, and maintenance manuals. 

D. Warranty:  Sample of special warranty. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. ASHRAE Compliance: 

1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Standard for 
Refrigeration Systems." 

2. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004,  Section 4 - "Outdoor 
Air Quality," Section 5 - "Systems and Equipment," Section 6 - " Procedures," and Section 7 - 
"Construction and System Start-Up." 

C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004. 

D. The units shall be manufactured in a facility registered to ISO 9001 and ISO14001 which is a set of 
standards applying to environmental protection set by the International Standard Organization (ISO). 
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E. Manufacturer shall have a minimum of twenty-nine years of HVAC experience in the U.S. market. 

F. All manufacturer technical and service manuals must be readily available for download by any local 
contractor should emergency service be required.  Registering and sign-in requirements which may delay 
emergency service reference are not allowed. 

G. The CITY MULTI VRFZ system shall be installed by a contractor with extensive CITY MULTI install 
and service training.  The mandatory contractor service and install training should be performed by the 
manufacturer. 

1.5 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt 
inserts into bases. 

B. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual 
equipment provided. 

1.6 WARRANTY 

A. General:  The units shall be covered by the manufacturer’s limited warranty for a period of one (1) year 
from date of installation. 

B. Special Warranty:  If the systems are: 
1. designed by a certified CITY MULTI Diamond Designer, 
2. installed by a contractor that has successfully completed the Mitsubishi Electric three day service 

course, AND 
3. verified with a completed commissioning report submitted to and approved by the Mitsubishi 

Electric Service Department, 
 

Then the units shall be covered by an extended manufacturer’s limited warranty for a period of five (5) 
years from date of installation. 
 
4. In addition the compressor shall have a manufacturer’s limited warranty for a period of seven (7) 

years from date of installation. 
5. If, during this period, any part should fail to function properly due to defects in workmanship or 

material, it shall be replaced or repaired at the discretion of the manufacturer. 
6. This warranty shall not include labor. 
 

1.7 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 

1. Filters:  One set for each air-handling unit. 
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PART 2 - PRODUCTS 

2.1 INDOOR UNITS 

A. 4-WAY LAY-IN-CEILING-RECESSED CASSETTE WITH GRILLE INDOOR UNIT 
1. General: 

a. The unit shall be a four-way cassette style indoor unit that recesses into the ceiling with a 
ceiling grille. The indoor unit shall be factory assembled, wired and run tested.  Contained 
within the unit shall be all factory wiring, piping, electronic modulating linear expansion 
device, control circuit board and fan motor.  The unit shall have a self-diagnostic function, 
3-minute time delay mechanism, an auto restart function, an emergency operation function 
and a test run switch.  Indoor unit and refrigerant pipes shall be charged with dehydrated 
air before shipment from the factory. 

2. Unit Cabinet: 
a. The cabinet shall be a compact 22-7/16” wide x 22-7/16” deep so it will fit within a 

standard 24” square suspended ceiling grid. 
b. The cabinet panel shall have provisions for a field installed filtered outside air intake. 
c. Four-way grille shall be fixed to bottom of cabinet allowing two, three or four-way blow. 

3. Fan: 
a. The indoor fan shall be an assembly with a turbo fan direct driven by a single motor. 
b. The indoor fan shall be statically and dynamically balanced to run on a motor with 

permanently lubricated bearings. 
c. The indoor fan shall consist of three (3) speeds, Low, Mid, and High. 
d. The indoor unit shall have an adjustable air outlet system offering 4-way airflow, 3-way 

airflow, or 2-way airflow. 
e. The auto air swing vanes shall be capable of automatically swinging up and down for 

uniform air distribution. 

4. Filter: 
a. Return air shall be filtered by means of a long-life washable filter. 

5. Coil: 
a. The indoor coil shall be of nonferrous construction with smooth plate fins on copper 

tubing. 
b. The tubing shall have inner grooves for high efficiency heat exchange. 
c. All tube joints shall be brazed with phos-copper or silver alloy. 
d. The coils shall be pressure tested at the factory. 
e. A condensate pan and drain shall be provided under the coil. 
f. The unit shall be provided with an integral condensate lift mechanism that will be able to 

raise drain water 19-3/4” inches above the condensate pan. 
g. Both refrigerant lines to the indoor units shall be insulated. 

6. Electrical: 
a. The unit electrical power shall be 208/230 volts, 1-phase, 60 hertz. 
b. The system shall be capable of satisfactory operation within voltage limits of 187-228 volts 

(208V/60Hz) or 207-253 volts (230V/60Hz). 

7. Controls: 
a. This unit shall use controls to perform functions necessary to operate the system.   
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2.2 OUTDOOR UNIT 

A. HYPER-HEATING OUTDOOR UNIT 
1. General:  The system shall consist of the outdoor unit and indoor units (-E models). The outdoor 

unit shall be specifically used with variable refrigerant flow components.  The outdoor units shall 
be equipped with multiple circuit boards that interface to the M-NET controls system and shall 
perform all functions necessary for operation.  Each outdoor unit module shall be completely 
factory assembled, piped, wired, and run tested at the factory. 
a. All units requiring a factory supplied twinning kit shall be piped together in the field, 

without the need for equalizing line(s). 
b. The sum of connected capacity of all indoor air handlers shall range from 50% to 130% of 

outdoor rated capacity.  
c. Outdoor unit shall have a sound rating no higher than 60 dB(A) down to -6°F. At -5°F or 

less, the outdoor unit shall have a sound rating no higher than 65 dB(A). 
d. Both refrigerant lines from the outdoor unit to indoor units shall be individually insulated. 
e. The outdoor unit shall have an accumulator with refrigerant level sensors and controls. 
f. The outdoor unit shall have a high pressure safety switch, over-current protection and DC 

bus protection. 
g. The outdoor unit shall have the ability to operate with a maximum height difference of 164 

feet and have a total refrigerant tubing length of 984 feet.  The greatest length is not to 
exceed 492 feet between the outdoor unit and the indoor units without the need for line size 
changes or traps. 

h. The outdoor unit shall have rated performance for heat operation at -13°F ambient 
temperature without additional low ambient controls. The unit shall maintain 100% heat 
output at 5oF without a supplemental heat source. 

i. The outdoor unit shall be capable of operating in cooling mode down to 0°F with optional 
manufacturer supplied low ambient kit 

j. The outdoor unit shall have a high efficiency oil separator plus additional logic controls to 
ensure adequate oil volume in the compressor is maintained. 

2. Heat Interchanger circuit. 
a. The outdoor unit shall contain a heat interchanger circuit for sub-cooling liquid prior to 

entering the outdoor coil during the heating mode. 
b. The interchanger shall be of a copper tube within a tube construction. 
c. The interchanger circuit refrigerant flow shall be controlled by an electronic expansion 

valve. 
3. Unit Cabinet: 

a. The casing(s) shall be fabricated of galvanized steel, bonderized and finished with a 
powder coated baked enamel. 

4. Fan: 
a. The outdoor units shall be furnished with one direct drive, inverter driven, variable speed 

propeller type fan.  
b. The fan motor shall have inherent protection, have permanently lubricated bearings, and be 

completely variable speed. 
c. The fan motor shall be mounted for quiet operation. 
d. The fan shall be provided with a raised guard to prevent contact with moving parts. 
e. The outdoor unit shall have vertical discharge airflow. 

5. Refrigerant: 
a. R410A refrigerant shall be required for outdoor unit systems. 

6. Coil: 
a. The outdoor coil shall be of nonferrous construction with lanced or corrugated plate fins on 

copper tubing. 
b. The coil fins shall have a factory applied corrosion resistant blue-fin finish 
c. The outdoor coil fins shall have Blue Coat finish for corrosion protection. 
d. The coil shall be protected with an integral metal guard. 
e. Refrigerant flow from the outdoor unit shall be controlled by means of an inverter driven 

compressor. 
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7. Compressor: 
a. Outdoor units shall be equipped with inverter driven scroll hermetic compressor(s) only.  

Non inverter-driven compressors shall not be allowed. 
b. All compressors shall have flash injection for effective low outdoor temperature heating 

performance. 
c. A crankcase heater(s) shall be factory mounted on the compressor(s). 
d. Each compressor shall be capable of modulation down to 16% of rated capacity. 
e. The compressor shall be equipped with an internal thermal overload. 
f. The compressor shall be mounted to avoid the transmission of vibration. 

8. Electrical: 
a. The outdoor unit electrical power shall be 208/230 volts, 3 phase, 60 hertz.   
b. The unit shall be capable of satisfactory operation within voltage limitations of 187-228 

volts (208V/60Hz) or 207-253 volts (230V/60Hz) 
c. The outdoor unit shall be controlled by integral microprocessors. 
d. The control circuit between the indoor units and the outdoor unit shall be 24VDC 

completed using a 2-conductor, twisted pair non-polar shielded cable to provide total 
integration of the system. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install units level and plumb. 

B. Install evaporator-fan components using manufacturer's standard mounting devices securely fastened to 
building structure. 

C. Install ground-mounted, compressor-condenser components on 4-inch thick, reinforced concrete base that 
is 4 inches larger, on each side, than unit. 

D. Install roof-mounted, compressor-condenser components on equipment supports. Anchor units to 
supports with removable, cadmium-plated fasteners. 

E. Install seismic restraints. 

3.2 CONNECTIONS 

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

B. Where piping is installed adjacent to unit, allow space for service and maintenance of unit. 

C. Duct Connections:  Connect supply and return ducts to split-system air-conditioning units with flexible 
duct connectors. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

B. Perform tests and inspections. 
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1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

C. Tests and Inspections: 

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. 

3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

D. Remove and replace malfunctioning units and retest as specified above. 

E. Prepare test and inspection reports. 

3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 
operate, and maintain units. 

END OF SECTION 15738 
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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 minus 2- to plus 10-inch wg. 

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. Example:  Apparent Thermal Conductivity (k-Value):  0.26 or 0.037. 

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.  Accompany requests for layout modifications with 
calculations showing that proposed layout will provide original design results without increasing system 
total pressure. 

1.5 SUBMITTALS 

A. Product Data:  For duct liner and sealing materials. 

B. 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. 
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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. 

PART 2 - PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 coating designation; mill-
phosphatized finish for surfaces of ducts exposed to view. 

B. PVC-Coated Galvanized Steel:  UL 181, Class 1 listing.  Lock-forming-quality, galvanized, sheet steel 
with ASTM A 653/A 653M, G90 coating designation; factory-applied, 4-mil PVC coating on exposed 
surfaces of ducts and fittings (exterior of ducts and fittings for underground applications and interior of 
ducts and fittings for fume-handling applications) and with factory-applied, 2-mil PVC coating on reverse 
side of ducts and fittings. 

C. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets; commercial quality; with oiled, exposed 
matte finish. 

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, 1/4-inch minimum diameter for 36-inch length or less; 3/8-inch minimum 
diameter for lengths longer than 36 inches. 

2.2 DUCT LINER 

A. General:  Comply with NFPA 90A or NFPA 90B and NAIMA's "Fibrous Glass Duct Liner Standard." 

B. Materials:  ASTM C 1071 with coated surface exposed to airstream to prevent erosion of glass fibers. 

1. Thickness:  1 inch. 
2. Thermal Conductivity (k-Value):  0.26 at 75 deg F mean temperature. 
3. Fire-Hazard Classification:  Maximum flame-spread rating of 25 and smoke-developed rating of 

50, when tested according to ASTM C 411. 
4. Liner Adhesive:  Comply with NFPA 90A or NFPA 90B and ASTM C 916. 
5. Mechanical Fasteners:  Galvanized steel, suitable for adhesive attachment, mechanical attachment, 

or welding attachment to duct without damaging liner when applied as recommended by 
manufacturer and without causing leakage in duct. 
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a. Tensile Strength:  Indefinitely sustain a 50-lb tensile, dead-load test perpendicular to duct 
wall. 

b. Fastener Pin Length:  As required for thickness of insulation and without projecting more 
than 1/8 inch into airstream. 

c. Adhesive for Attaching Mechanical Fasteners:  Comply with fire-hazard classification of 
duct liner system. 

2.3 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 Tape:  2 inches wide; glass-fiber fabric reinforced. 
2. Tape Sealing System:  Woven-fiber tape impregnated with a gypsum mineral compound and a 

modified acrylic/silicone activator to react exothermically with tape to form a hard, durable, 
airtight seal. 

3. Joint and Seam Sealant:  One-part, nonsag, solvent-release-curing, polymerized butyl sealant, 
formulated with a minimum of 75 percent solids. 

4. Flanged Joint Mastics:  One-part, acid-curing, silicone, elastomeric joint sealants, complying with 
ASTM C 920, Type S, Grade NS, Class 25, Use O. 

2.4 HANGERS AND SUPPORTS 

A. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners 
appropriate for building materials. 

1. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs more 
than 4 inches thick. 

2. Exception:  Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or 
for slabs less than 4 inches thick. 

B. 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 SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible" for sheet steel width and thickness and for steel rod diameters. 

C. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct 
materials. 

D. 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. 

2.5 RECTANGULAR DUCT FABRICATION 

A. General:  Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction with 
galvanized, sheet steel, according to SMACNA's "HVAC Duct Construction Standards--Metal and 
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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, carbon-steel sheet for concealed ducts and 
0.0500-inch thick stainless steel for exposed ducts.  Weld and flange seams and joints.  Comply with 
NFPA 96. 

C. Fabricate dishwasher hood exhaust ducts with 0.0500-inch thick stainless steel.  Weld and flange seams 
and joints. 

D. Acid-Resistant Ducts:  PVC-coated galvanized steel. 

E. Static-Pressure Classifications:  Unless otherwise indicated, construct ducts to the following: 

1. Supply Ducts:  3-inch wg. 
2. Return Ducts:  2-inch wg, negative pressure. 
3. Exhaust Ducts:  2-inch wg, negative pressure. 

F. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 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. 

2.6 SHOP APPLICATION OF LINER IN RECTANGULAR DUCTS 

A. Adhere a single layer of indicated thickness of duct liner with 90 percent coverage of adhesive at liner 
contact surface area.  Multiple layers of insulation to achieve indicated thickness are prohibited. 

B. Apply adhesive to liner facing in direction of airflow not receiving metal nosing. 

C. Butt transverse joints without gaps and coat joint with adhesive. 

D. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-edge overlapping. 

E. Do not apply liners in rectangular ducts with longitudinal joints, except at corners of ducts, unless duct 
size and standard liner product dimensions make longitudinal joints necessary. 

F. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm. 

G. Secure liner with mechanical fasteners 4 inches from corners and at intervals not exceeding 12 inches 
transversely around perimeter; at 3 inches from transverse joints and at intervals not exceeding 18 inches 
longitudinally. 

H. Secure transversely oriented liner edges facing the airstream with metal nosings that have either channel 
or "Z" profile or are integrally formed from duct wall.  Fabricate edge facings at the following locations: 

1. Fan discharge. 
2. Intervals of lined duct preceding unlined duct. 
3. Upstream edges of transverse joints in ducts. 
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I. Terminate liner with duct buildouts installed in ducts to attach dampers, turning vane assemblies, and 
other devices.  Fabricated buildouts (metal hat sections) or other buildout means are optional; when used, 
secure buildouts to duct wall with bolts, screws, rivets, or welds.  Terminate liner at fire dampers at 
connection to fire-damper sleeve. 

2.7 ROUND AND FLAT-OVAL DUCT FABRICATION 

A. General:  Diameter as applied to flat-oval ducts in this Article is the diameter of the size of round duct 
that has a circumference equal to perimeter of a given size of flat-oval duct. 

B. Round Ducts:  Fabricate supply ducts of galvanized steel according to SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible." 

C. Flat-Oval Ducts:  Fabricate supply ducts with standard spiral lock seams or with butt-welded longitudinal 
seams according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." 

D. Double-Wall (Insulated) Ducts:  Fabricate double-wall (insulated) ducts with an outer shell and an inner 
liner.  Dimensions indicated on internally insulated ducts are inside dimensions. 

1. Thermal Conductivity (k-Value):  0.26 at 75 deg F mean temperature. 
2. Outer Shell:  Base outer-shell metal thickness on actual outer-shell dimensions.  Fabricate outer-

shell lengths 2 inches longer than inner shell and insulation, and in metal thickness specified for 
single-wall duct. 

3. Insulation:  1-inch thick fibrous-glass insulation, unless otherwise indicated.  Terminate insulation 
where internally insulated duct connects to single-wall duct or uninsulated components.  
Terminate insulation and reduce outer duct diameter to inner liner diameter. 

4. Solid Inner Liner:  Fabricate round and flat-oval inner liners with solid sheet metal of thickness 
listed below: 

5. Perforated Inner Liner:  Fabricate round and flat-oval inner liners with sheet metal having 3/32-
inch diameter perforations, with an overall open area of 23 percent.  Use the following sheet metal 
thicknesses and seam construction: 

a. Ducts 3 to 8 Inches in Diameter:  0.019 inch with standard spiral seam construction. 
b. Ducts 9 to 42 Inches in Diameter:  0.019 inch with single-rib spiral seam construction. 
c. Ducts 44 to 60 Inches in Diameter:  0.022 inch with single-rib spiral seam construction. 
d. Ducts 62 to 88 Inches in Diameter:  0.034 inch with standard spiral seam construction. 

6. Maintain concentricity of liner to outer shell by mechanical means.  Retain insulation from 
dislocation by mechanical means. 

2.8 ROUND AND FLAT-OVAL SUPPLY AND EXHAUST FITTING FABRICATION 

A. 90-Degree Tees and Laterals and Conical Tees:  Fabricate to comply with SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible," with metal thicknesses specified for longitudinal seam 
straight duct. 

B. Diverging-Flow Fittings:  Fabricate with a reduced entrance to branch taps with no excess material 
projecting from body onto branch tap entrance. 

C. Elbows:  Fabricate in die-formed, gored, pleated, or mitered construction.  Fabricate bend radius of die-
formed, gored, and pleated elbows one and one-half times elbow diameter.  Unless elbow construction 
type is indicated, fabricate elbows as follows: 
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1. Mitered-Elbow Radius and Number of Pieces:  Welded construction complying with SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible," unless otherwise indicated. 

2. Round Mitered Elbows:  Welded construction with the following metal thickness for pressure 
classes from minus 2- to plus 2-inch wg: 

a. Ducts 3 to 26 Inches in Diameter:  0.028 inch. 
b. Ducts 27 to 36 Inches in Diameter:  0.034 inch. 
c. Ducts 37 to 50 Inches in Diameter:  0.040 inch. 
d. Ducts 52 to 60 Inches in Diameter:  0.052 inch. 
e. Ducts 62 to 84 Inches in Diameter:  0.064 inch. 

3. Round Mitered Elbows:  Welded construction with the following metal thickness for pressure 
classes from 2- to 10-inch wg: 

a. Ducts 3 to 14 Inches in Diameter:  0.028 inch. 
b. Ducts 15 to 26 Inches in Diameter:  0.034 inch. 
c. Ducts 27 to 50 Inches in Diameter:  0.040 inch. 
d. Ducts 52 to 60 Inches in Diameter:  0.052 inch. 
e. Ducts 62 to 84 Inches in Diameter:  0.064 inch. 

4. Flat-Oval Mitered Elbows:  Welded construction with same metal thickness as longitudinal seam 
flat-oval duct. 

5. 90-Degree, Two-Piece, Mitered Elbows:  Use only for supply systems, or exhaust systems for 
material-handling classes A and B; and only where space restrictions do not permit using 1.5 bend 
radius elbows.  Fabricate with single-thickness turning vanes. 

6. Round Elbows, 8 Inches and Smaller:  Fabricate die-formed elbows for 45- and 90-degree elbows 
and pleated elbows for 30, 45, 60, and 90 degrees only.  Fabricate nonstandard bend-angle 
configuration or nonstandard diameter elbows with gored construction. 

7. Round Elbows, 9 through 14 Inches:  Fabricate gored or pleated elbows for 30, 45, 60, and 90 
degrees, unless space restrictions require a mitered elbow.  Fabricate nonstandard bend-angle 
configuration or nonstandard diameter elbows with gored construction. 

8. Round Elbows, Larger Than 14 Inches, and All Flat-Oval Elbows:  Fabricate gored elbows, unless 
space restrictions require a mitered elbow. 

9. Die-Formed Elbows for Sizes through 8 Inches and All Pressures:  0.040 inch thick with two-
piece welded construction. 

10. Round Gored-Elbow Metal Thickness:  Same as non-elbow fittings specified above. 
11. Flat-Oval Elbow Metal Thickness:  Same as longitudinal seam flat-oval duct specified above. 
12. Pleated Elbows for Sizes through 14 Inches and Pressures through 10-Inch wg:  0.022 inch. 

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 and flat-oval ducts in lengths not less than 12 feet, 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. 
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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, 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 thickness as duct.  Overlap opening on four sides by at least 1-1/2 
inches. 

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 Accessories."  Firestopping materials and installation methods are specified in 
Division 7 Section "Firestopping." 

3.2 RANGE HOOD EXHAUST DUCT INSTALLATIONS 

A. Install ducts to allow for thermal expansion of ductwork through 2000 deg F 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 50-foot intervals; locate on sides of duct a 
minimum of 1-1/2 inches from bottom; and fit with grease-tight covers of same material as duct. 

D. Do not penetrate fire-rated assemblies. 

3.3 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." 

B. Pressure Classification Less Than 2-Inch wg:  Transverse joints. 

C. Seal externally insulated ducts before insulation installation. 
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3.4 HANGING AND SUPPORTING 

A. Install rigid round, rectangular, and flat-oval metal duct with support systems indicated in SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible." 

B. Support horizontal ducts within 24 inches of each elbow and within 48 inches of each branch intersection. 

C. Support vertical ducts at a maximum interval of 16 feet and at each floor. 

D. Install upper attachments to structures with an allowable load not exceeding one-fourth of failure (proof-
test) load. 

E. Install concrete inserts before placing concrete. 

F. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 

3.5 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 SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible." 

3.6 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. Conduct tests, in presence of Architect, at static pressures equal to maximum design pressure of system or 
section being tested.  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. Determine leakage from entire system or section of system by relating leakage to surface area of test 
section. 

D. Maximum Allowable Leakage:  Comply with requirements for Leakage Classification 3 for round and 
flat-oval ducts, 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. 

F. Leakage Test:  Perform tests according to SMACNA's "HVAC Air Duct Leakage Test Manual." 

3.7 ADJUSTING 

A. Adjust volume-control dampers in ducts, outlets, and inlets to achieve design airflow. 

B. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for detailed procedures. 
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3.8 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 15815 
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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 and water flow 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. Measuring sound and vibration. 
7. 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. 



Jacona Collection Center  9/10/15 
 

TESTING, ADJUSTING, AND BALANCING 15990 - 2 
 

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. AMCA:  Air Movement and Control Association. 

O. CTI:  Cooling Tower Institute. 

P. NEBB:  National Environmental Balancing Bureau. 

Q. 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. Contract Documents Examination Report:  Within 45 days from the Contractor's Notice to Proceed, 
submit 2 copies of the Contract Documents review report as specified in Part 3 of this Section. 

C. Strategies and Procedures Plan:  Within 60 days from the Contractor's Notice to Proceed, submit 2 copies 
of the testing, adjusting, and balancing strategies and step-by-step procedures as specified in Part 3 
"Preparation" Article below.  Include a complete set of report forms intended for use on this Project. 

D. 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. 

E. Sample Report Forms:  Submit 2 sets of sample testing, adjusting, and balancing report forms. 

F. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below. 

1.5 QUALITY ASSURANCE 

A. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by AABC. 

B. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by NEBB. 

C. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by either AABC or 
NEBB. 
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D. Testing, Adjusting, and Balancing Conference:  Meet with the Owner's and the Architect's representatives 
on approval of the testing, adjusting, and balancing strategies and procedures plan to develop a mutual 
understanding of the details.  Ensure the participation of testing, adjusting, and balancing team members, 
equipment manufacturers' authorized service representatives, HVAC controls Installer, and other support 
personnel.  Provide 7 days' advance notice of scheduled meeting time and location. 

1. Agenda Items:  Include at least the following: 

a. Submittal distribution requirements. 
b. Contract Documents examination report. 
c. Testing, adjusting, and balancing plan. 
d. Work schedule and Project site access requirements. 
e. Coordination and cooperation of trades and subcontractors. 
f. Coordination of documentation and communication flow. 

E. 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. 

F. Testing, Adjusting, and Balancing Reports:  Use standard forms from AABC's "National Standards for 
Testing, Adjusting, and Balancing." 

G. Testing, Adjusting, and Balancing Reports:  Use standard forms from NEBB's "Procedural Standards for 
Testing, Adjusting, and Balancing of Environmental Systems." 

H. Testing, Adjusting, and Balancing Reports:  Use standard forms from SMACNA's "HVAC Systems--
Testing, Adjusting, and Balancing." 

I. Testing, Adjusting, and Balancing Reports:  Use testing, adjusting, and balancing Agent's standard forms 
approved by the Architect. 

J. Instrumentation Type, Quantity, and Accuracy:  As described in AABC national standards. 

K. 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." 

L. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if required 
by the instrument manufacturer. 

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  The Owner will occupy the site and existing building during the entire testing, 
adjusting, and balancing period.  Cooperate with the Owner during testing, adjusting, and balancing 
operations to minimize conflicts with the Owner's operations. 

B. 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. 
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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. 

B. National Project Performance Guarantee:  Provide a guarantee on AABC'S "National Standards" forms 
stating that AABC will assist in completing the requirements of the Contract Documents if the testing, 
adjusting, and balancing Agent fails to comply with the Contract Documents.  Guarantee includes the 
following provisions: 

C. Special Guarantee:  Provide a guarantee on NEBB forms stating that NEBB will assist in completing the 
requirements of the Contract Documents if the testing, adjusting, and balancing Agent fails to comply 
with the Contract Documents.  Guarantee includes the following provisions: 

1. The certified Agent has tested and balanced systems according to the Contract Documents. 
2. Systems are balanced to optimum performance capabilities within design and installation limits. 

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 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 Section "Project Record Documents." 
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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 plenum ceilings, utilized for supply air, to verify that they are airtight.  Verify that pipe 
penetrations and other holes are sealed. 

M. Examine strainers for clean screens and proper perforations. 

N. Examine 3-way valves for proper installation for their intended function of diverting or mixing fluid 
flows. 

O. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 

P. Examine open-piping-system pumps to ensure absence of entrained air in the suction piping. 

Q. Examine equipment for installation and for properly operating safety interlocks and controls. 

R. 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. Automatic modulating and shutoff valves, including 2-way valves and 3-way mixing and diverting 
valves, are properly connected. 
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5. Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and cold 
walls. 

6. Sensors are located to sense only the intended conditions. 
7. Sequence of operation for control modes is according to the Contract Documents. 
8. 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. 
9. Interlocked systems are operating. 
10. Changeover from heating to cooling mode occurs according to design values. 

S. Report deficiencies discovered before and during performance of testing, adjusting, and balancing 
procedures. 

3.2 PREPARATION 

A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-step procedures. 

B. Complete system readiness checks and prepare system readiness reports.  Verify the following: 

1. Permanent electrical power wiring is complete. 
2. Hydronic systems are filled, clean, and free of air. 
3. Automatic temperature-control systems are operational. 
4. Equipment and duct access doors are securely closed. 
5. Balance, smoke, and fire dampers are open. 
6. Isolating and balancing valves are open and control valves are operational. 
7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to 

balancing devices is provided. 
8. 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. Perform testing and balancing procedures on each system according to the procedures contained in 
SMACNA's "HVAC Systems--Testing, Adjusting, and Balancing" and this Section. 

D. 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. 

E. 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. 
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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. Determine the best locations in main and branch ducts for accurate duct airflow measurements. 

E. 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. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 

H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 

K. 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.  
Additional procedures are required for variable-air-volume, multizone, dual-duct, induction-unit supply-
air systems and process exhaust-air systems.  These additional procedures are specified in other articles in 
this Section. 

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. 
d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that 

houses the fan. 

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. 
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3. Measure static pressures entering and leaving other devices such as sound traps, heat recovery 
equipment, and air washers under final balanced conditions. 

4. 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. 

5. 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. 

6. 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. 

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. 



Jacona Collection Center  9/10/15 
 

TESTING, ADJUSTING, AND BALANCING 15990 - 9 
 

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: 

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 indoor wet- and dry-bulb temperatures every other hour for a period of 2 successive 8-hour days, 
in each separately controlled zone, to prove correctness of final temperature settings.  Measure when the 
building or zone is occupied. 

C. Measure outside-air, wet- and dry-bulb temperatures. 

3.10 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. 
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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, Return, and Exhaust Fans:  Plus 5 to plus 10 percent. 
2. Air Outlets and Inlets:  0 to minus 10 percent. 
3. Heating-Water Flow Rate:  0 to minus 10 percent. 
4. Cooling-Water Flow Rate:  0 to minus 5 percent. 

3.12 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in 
"Examination" Article above, prepare a report on the adequacy of design for systems' balancing devices.  
Recommend changes and additions to systems' balancing devices to facilitate proper performance 
measuring and balancing.  Recommend changes and additions to HVAC systems and general 
construction to allow access for performance measuring and balancing devices. 

B. Status Reports:  As Work progresses, prepare reports to describe completed procedures, procedures in 
progress, and scheduled procedures.  Include a list of deficiencies and problems found in systems being 
tested and balanced.  Prepare a separate report for each system and each building floor for systems 
serving multiple floors. 

3.13 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. Pump curves. 
2. Fan curves. 
3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. 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. 
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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. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. 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. Air-Handling 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), and bore. 
i. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 
j. Number of belts, make, and size. 
k. Number of filters, type, and size. 

2. Motor Data:  Include the following: 
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a. Make and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches (mm), and bore. 
f. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 

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. Filter static-pressure differential in inches wg (Pa). 
f. Preheat coil static-pressure differential in inches wg (Pa). 
g. Cooling coil static-pressure differential in inches wg (Pa). 
h. Heating coil static-pressure differential in inches wg (Pa). 
i. Outside airflow in cfm (L/s). 
j. Return airflow in cfm (L/s). 
k. Outside-air damper position. 
l. Return-air damper position. 
m. Vortex damper position. 

G. Gas- and Oil-Fired Heat Apparatus Test Reports:  In addition to the manufacturer's factory startup 
equipment reports, include the following: 

1. Unit Data:  Include the following: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Fuel type in input data. 
g. Output capacity in Btuh (kW). 
h. Ignition type. 
i. Burner-control types. 
j. Motor horsepower and rpm. 
k. Motor volts, phase, and hertz. 
l. Motor full-load amperage and service factor. 
m. Sheave make, size in inches (mm), and bore. 
n. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 

2. Test Data:  Include design and actual values for the following: 

a. Total airflow rate in cfm (L/s). 
b. Entering-air temperature in deg F (deg C). 
c. Leaving-air temperature in deg F (deg C). 
d. Air temperature differential in deg F (deg C). 
e. Entering-air static pressure in inches wg (Pa). 
f. Leaving-air static pressure in inches wg (Pa). 
g. Air static-pressure differential in inches wg (Pa). 
h. Low-fire fuel input in Btuh (kW). 
i. High-fire fuel input in Btuh (kW). 
j. Manifold pressure in psig (kPa). 
k. High-temperature-limit setting in deg F (deg C). 
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l. Operating set point in Btuh (kW). 
m. Motor voltage at each connection. 
n. Motor amperage for each phase. 
o. Heating value of fuel in Btuh (kW). 

H. Electric-Coil Test Reports:  For electric furnaces, 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. Airflow rate in cfm (L/s). 
i. Face area in sq. ft. (sq. m). 
j. Minimum face velocity in fpm (m/s). 

2. Test Data:  Include design and actual values for the following: 

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. 

I. Fan Test Reports:  For supply, return, and 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. 
g. Sheave make, size in inches (mm), and bore. 
h. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 

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. Sheave make, size in inches (mm), and bore. 
f. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 
g. Number of belts, make, and size. 

3. Test Data:  Include design and actual values for the following: 
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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). 

J. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing 
the duct cross-section and record the following: 

1. Report Data:  Include the following: 

a. System and air-handling unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F (deg C). 
d. Duct static pressure in inches wg (Pa). 
e. Duct size in inches (mm). 
f. Duct area in sq. ft. (  (sq. m)). 
g. Design airflow rate in cfm (L/s). 
h. Design velocity in fpm (m/s). 
i. Actual airflow rate in cfm (L/s). 
j. Actual average velocity in fpm (m/s). 
k. Barometric pressure in psig (Pa). 

K. Air-Terminal-Device Reports:  For terminal units, include the following: 

1. Unit Data:  Include the following: 

a. System and air-handling unit identification. 
b. Location and zone. 
c. Test apparatus used. 
d. Area served. 
e. Air-terminal-device make. 
f. Air-terminal-device number from system diagram. 
g. Air-terminal-device type and model number. 
h. Air-terminal-device size. 
i. Air-terminal-device effective area in sq. ft. (  (sq. m)). 

2. Test Data:  Include design and actual values for the following: 

a. Airflow rate in cfm (L/s). 
b. Air velocity in fpm (m/s). 
c. Preliminary airflow rate as needed in cfm (L/s). 
d. Preliminary velocity as needed in fpm (m/s). 
e. Final airflow rate in cfm (L/s). 
f. Final velocity in fpm (m/s). 
g. Space temperature in deg F (deg C). 

L. Compressor and Condenser Reports:  For refrigerant side of unitary systems, stand-alone refrigerant 
compressors, air-cooled condensing units, or water-cooled condensing units, include the following: 

1. Unit Data:  Include the following: 

a. Unit identification. 
b. Location. 
c. Unit make and model number. 
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d. Manufacturer's compressor serial numbers. 
e. Compressor make. 
f. Compressor model and serial numbers. 
g. Refrigerant weight in lb. 
h. Low ambient temperature cutoff in deg F. 

2. Test Data:  Include design and actual values for the following: 

a. Inlet-duct static pressure in inches wg. 
b. Outlet-duct static pressure in inches wg. 
c. Entering-air, dry-bulb temperature in deg F. 
d. Leaving-air, dry-bulb temperature in deg F. 
e. Condenser entering-water temperature in deg F. 
f. Condenser leaving-water temperature in deg F. 
g. Condenser water temperature differential in deg F. 
h. Condenser entering-water pressure in feet of head or psig. 
i. Condenser leaving-water pressure in feet of head or psig. 
j. Condenser water pressure differential in feet of head or psig. 
k. Control settings. 
l. Unloader set points. 
m. Low-pressure-cutout set point in psig. 
n. High-pressure-cutout set point in psig. 
o. Suction pressure in psig. 
p. Suction temperature in deg F. 
q. Condenser refrigerant pressure in psig. 
r. Condenser refrigerant temperature in deg F. 
s. Oil pressure in psig. 
t. Oil temperature in deg F. 
u. Voltage at each connection. 
v. Amperage for each phase. 
w. The kW input. 
x. Crankcase heater kW. 
y. Number of fans. 
z. Condenser fan rpm. 
aa. Condenser fan airflow rate in cfm. 
bb. Condenser fan motor make, frame size, rpm, and horsepower. 
cc. Condenser fan motor voltage at each connection. 
dd. Condenser fan motor amperage for each phase. 

M. Instrument Calibration Reports:  For instrument calibration, include the following: 

1. Report Data:  Include the following: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.14 ADDITIONAL TESTS 

A. Seasonal Periods:  If initial testing, adjusting, and balancing procedures were not performed during near-
peak summer and winter conditions, perform additional inspections, testing, and adjusting during near-
peak summer and winter conditions. 
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END OF SECTION 15990 
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