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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 Condi-

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following basic mechanical materials and methods to complement 

other Division 15 Sections. 

1. Piping materials and installation instructions common to most piping systems. 

2. Concrete base construction requirements. 

3. Escutcheons. 

4. Dielectric fittings. 

5. Flexible connectors. 

6. Mechanical sleeve seals. 

7. Equipment nameplate data requirements. 

8. Labeling and identifying mechanical systems and equipment is specified in Divi-

sion 15 Section "Mechanical Identification." 

9. Nonshrink grout for equipment installations. 

10. Field-fabricated metal and wood equipment supports. 

11. Installation requirements common to equipment specification sections. 

12. Cutting and patching. 

13. 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, unexca-

vated 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 tem-

peratures 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.  Ex-

amples include installations within unheated shelters. 
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F. The following are industry abbreviations for plastic materials: 

1. ABS:  Acrylonitrile-butadiene-styrene plastic. 

2. CPVC:  Chlorinated polyvinyl chloride plastic. 

3. NP:  Nylon plastic. 

4. PE:  Polyethylene plastic. 

5. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. CR:  Chlorosulfonated polyethylene synthetic rubber. 

2. EPDM:  Ethylene propylene diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For dielectric fittings, flexible connectors, mechanical sleeve seals, and identifi-

cation materials and devices. 

B. Shop Drawings:  Detail fabrication and installation for metal and anchorage for mechanical ma-

terials and equipment. 

C. Coordination Drawings:  For access panel and door locations. 

D. Coordination Drawings:  Detail major elements, components, and systems of mechanical 

equipment and materials in relationship with other systems, installations, and building 

components.  Show space requirements for installation and access.  Indicate if sequence 

and coordination of installations are important to efficient flow of the Work.  Include the 

following: 

1. Planned piping layout, including valve and specialty locations and valve-stem 

movement. 

2. Clearances for installing and maintaining insulation. 

3. Clearances for servicing and maintaining equipment, accessories, and specialties, in-

cluding space for disassembly required for periodic maintenance. 

4. Equipment and accessory service connections and support details. 

5. Exterior wall and foundation penetrations. 

6. Fire-rated wall and floor penetrations. 

7. Sizes and location of required concrete pads and bases. 

8. Scheduling, sequencing, movement, and positioning of large equipment into building 

during construction. 

9. Floor plans, elevations, and details to indicate penetrations in floors, walls, and ceil-

ings and their relationship to other penetrations and installations. 

10. Reflected ceiling plans to coordinate and integrate installation of air outlets and in-

lets, light fixtures, communication system components, sprinklers, and other ceiling-

mounted items. 

1.5 QUALITY ASSURANCE 
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A. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of 

identification devices. 

B. Equipment Selection:  Equipment of higher electrical characteristics, physical dimensions, ca-

pacities, 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 equip-

ment 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 mois-

ture. 

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 con-

crete and other structural components, as they are constructed. 

D. Sequence, coordinate, and integrate installations of mechanical materials and equipment for ef-

ficient flow of the Work.  Coordinate installation of large equipment requiring positioning be-

fore 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 compa-

nies, and controlling agencies. 

F. Coordinate requirements for access panels and doors if mechanical items requiring access are 

concealed behind finished surfaces.  Access panels and doors are specified in Division 8 Section 

"Access Doors." 

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 simi-

lar concealment. 



ROWAN COUNTY JUSTICE CENTER  OCTOBER 2018 

AIR HANDLER REPLACEMENT PROJECT 
 

Basic Mechanical Materials and Methods 15050 - page 4 

  

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

lowing: 

1. Dielectric Unions: 

a. Capitol Manufacturing Co. 

b. Central Plastics Co. 

c. Eclipse, Inc.; Rockford-Eclipse Div. 

d. Epco Sales Inc. 

e. Hart Industries International, Inc. 

f. Watts Industries, Inc.; Water Products Div. 

g. Zurn Industries, Inc.; Wilkins Div. 

2. Dielectric Flanges: 

a. Capitol Manufacturing Co. 

b. Central Plastics Co. 

c. Epco Sales Inc. 

d. Watts Industries, Inc.; Water Products Div. 

3. Dielectric Couplings: 

a. Calpico, Inc. 

b. Lochinvar Corp. 

4. Dielectric Nipples: 

a. Grinnell Corp.; Grinnell Supply Sales Co. 

b. Perfection Corp. 

c. Victaulic Co. of America. 

5. Metal, Flexible Connectors: 

a. Central Sprink, Inc. 

b. Flexicraft Industries. 

c. Flex-Weld, Inc. 

d. Hyspan Precision Products, Inc. 

e. McWane, Inc.; Tyler Pipe; Gustin-Bacon Div. 

f. Metraflex Co. 

g. Uniflex, Inc. 

6. Mechanical Sleeve Seals: 

a. Calpico, Inc. 

b. Metraflex Co. 

c. Thunderline/Link-Seal. 
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2.2 PIPE AND PIPE FITTINGS 

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

ods. 

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

2.3 JOINING MATERIALS 

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

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

contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3.2-mm) maximum thick-

ness, unless thickness or specific material is indicated. 

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

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

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; 

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

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

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping sys-

tem manufacturer, unless otherwise indicated. 

E. Solder Filler Metals:  ASTM B 32. 

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

0.10 percent lead content. 

F. Brazing Filler Metals:  AWS A5.8. 

1. BCuP Series:  Copper-phosphorus alloys. 

2. BAg1:  Silver alloy. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 

thickness and chemical analysis of steel pipe being welded. 

H. Solvent Cements:  Manufacturer's standard solvent cements for the following: 

1. ABS Piping:  ASTM D 2235. 

2. CPVC Piping:  ASTM F 493. 

3. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

4. PVC to ABS Piping Transition:  ASTM D 3138. 

I. Plastic Pipe Seals:  ASTM F 477, elastomeric gasket. 
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J. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts:  AWWA C110, rubber gasket, carbon-steel 

bolts and nuts. 

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

1. Sleeve:  ASTM A 126, Class B, gray iron. 

2. Followers:  ASTM A 47 (ASTM A 47M) malleable iron or ASTM A 536 ductile 

iron. 

3. Gaskets:  Rubber. 

4. Bolts and Nuts:  AWWA C111. 

5. Finish:  Enamel paint. 

2.4 DIELECTRIC FITTINGS 

A. General:  Assembly or fitting with insulating material isolating joined dissimilar metals, to pre-

vent galvanic action and stop corrosion. 

B. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld-neck 

end types and matching piping system materials. 

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

D. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum 

working pressure at 180 deg F (82 deg C). 

E. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig 

(1035- or 2070-kPa) minimum working pressure as required to suit system pressures. 

F. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; 

plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 

deg F (107 deg C). 

2.5 FLEXIBLE CONNECTORS 

A. General:  Fabricated from materials suitable for system fluid and that will provide flexible pipe 

connections.  Include 125-psig (860-kPa) minimum working-pressure rating, unless higher 

working pressure is indicated, and ends according to the following: 

1. 2-Inch NPS (DN50) and Smaller:  Threaded. 

2. 2-1/2-Inch NPS (DN65) and Larger:  Flanged. 

B. 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. 

2.6 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. 
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2.7 PIPING SPECIALTIES 

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

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

2. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, 

with plain ends and integral waterstop, unless otherwise indicated. 

3. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  

Include clamping ring and bolts and nuts for membrane flashing. 

a. Underdeck Clamp:  Clamping ring with set screws. 

B. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type if required to con-

ceal protruding fittings and sleeves. 

1. ID:  Closely fit around pipe, tube, and insulation of insulated piping. 

2. OD:  Completely cover opening. 

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

a. Finish:  Polished chrome-plate. 

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

2.8 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. 

B. Equipment Nameplates:  Metal nameplate with operational data engraved or stamped; perma-

nently fastened to equipment. 

1. Data:  Manufacturer, product name, model number, serial number, capacity, operat-

ing and power characteristics, labels of tested compliances, and similar essential da-

ta. 

2. Location:  Accessible and visible location. 

C. Snap-on Plastic Pipe Markers:  Manufacturer's standard preprinted, semirigid, snap on, color-

coded, complying with ASME A13.1. 

D. Plastic Duct Markers:  Manufacturer's standard color-coded, laminated plastic.  Comply with 

the following color code: 

1. Green:  Cold air. 

2. Yellow:  Hot air. 

3. Yellow/Green or Green:  Supply air. 

4. Blue:  Exhaust, outside, return, and mixed air. 

5. For hazardous exhausts, use colors and designs recommended by ASME A13.1. 

6. Nomenclature:  Include the following: 
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a. Direction of airflow. 

b. Duct service. 

c. Duct origin. 

d. Duct destination. 

e. Design cubic feet per meter (liters per second). 

E. Engraved Plastic-Laminate 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. 

1. Fabricate in sizes required for message. 

2. Engraved with engraver's standard letter style, of sizes and with wording to match 

equipment identification. 

3. Punch for mechanical fastening. 

4. Thickness:  1/8 inch (3.2 mm), unless otherwise indicated. 

5. Fasteners:  Self-tapping stainless-steel screws. 

F. Plastic Equipment Markers:  Color-coded, laminated plastic.  Comply with the following color 

code: 

1. Green:  Cooling equipment and components. 

2. Yellow:  Heating equipment and components. 

3. Yellow/Green:  Combination cooling and heating equipment and components. 

4. Brown:  Energy reclamation equipment and components. 

5. Blue:  Equipment and components that do not meet any criteria above. 

6. For hazardous equipment, use colors and designs recommended by ASME A13.1. 

7. Nomenclature:  Include the following, matching terminology on schedules as closely 

as possible: 

a. Name and plan number. 

b. Equipment service. 

c. Design capacity. 

d. Other design parameters such as pressure drop, entering and leaving conditions, 

and rpm. 

8. Size:  Approximate 2-1/2 by 4 inches (65 by 100 mm) for control devices, dampers, 

and valves; and 4-1/2 by 6 inches (115 by 150 mm) for equipment. 

G. Lettering and Graphics:  Coordinate names, abbreviations, and other designations used in me-

chanical identification, with corresponding designations indicated.  Use numbers, lettering, and 

wording indicated for proper identification and operation/maintenance of mechanical systems 

and equipment. 

1. Multiple Systems:  If multiple systems of same generic name are indicated, provide 

identification that indicates individual system number and service such as "Boiler 

No. 3," "Air Supply No. 1H," or "Standpipe F12." 

2.9 GROUT 

A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B. 
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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 (34.5-MPa), 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.  Individu-

al Division 15 piping Sections specify unique piping installation requirements. 

B. General Locations and Arrangements:  Drawing plans, schematics, and diagrams indicate gen-

eral 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 consid-

erations.  Install piping as indicated, unless deviations to layout are approved on Coordination 

Drawings. 

C. Install piping at indicated slope. 

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

E. Install piping in concealed interior and exterior locations, except in equipment rooms and ser-

vice areas. 

F. Install piping free of sags and bends. 

G. Install exposed interior and exterior piping at right angles or parallel to building walls.  Diago-

nal runs are prohibited, unless otherwise indicated. 

H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements.  Allow 

sufficient space above removable ceiling panels to allow for ceiling panel removal. 

I. Install piping to allow application of insulation plus 1-inch (25-mm) clearance around insula-

tion. 

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

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

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

M. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board parti-

tions, 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 with set screw. 

3. Uninsulated Piping Floor Plates in Utility Areas:  Cast-iron floor plates. 
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4. Insulated Piping:  Cast brass; with concealed hinge, spring clips, and chrome-plated 

finish. 

5. Piping in Utility Areas:  Cast brass, with set-screw or spring clips. 

N. Install sleeves for pipes passing through concrete and masonry walls, and concrete floor and 

roof slabs. 

O. 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 (50 mm) above finished floor level.  Extend cast-iron 

sleeve fittings below floor slab as required to secure clamping ring if ring is speci-

fied. 

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

3. Install sleeves large enough to provide 1/4-inch (6.4-mm) annular clear space be-

tween sleeve and pipe or pipe insulation.  Use the following sleeve materials: 

a. Steel Pipe Sleeves:  For pipes smaller than 6-inch NPS (DN150). 

b. Steel Sleeves:  For pipes 6-inch NPS (DN150) and larger, penetrating gypsum-

board partitions. 

c. 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 (50 mm) above finished floor level. 

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 oth-

erwise indicated. 

P. Aboveground, Exterior-Wall, Pipe Penetrations:  Seal penetrations using sleeves and mechani-

cal sleeve seals.  Size sleeve for 1-inch (25-mm) annular clear space between pipe and sleeve 

for installing mechanical sleeve seals. 

1. Install steel pipe for sleeves smaller than 6 inches (150 mm) in diameter. 

2. Install cast-iron "wall pipes" for sleeves 6 inches (150 mm) in diameter and larger. 

3. Assemble and install mechanical sleeve seals according to manufacturer's written in-

structions.  Tighten bolts that cause rubber sealing elements to expand and make wa-

tertight seal. 

Q. Underground, Exterior-Wall, Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal 

pipe penetrations using mechanical sleeve seals.  Size sleeve for 1-inch (25-mm) annular clear 

space between pipe and sleeve for installing mechanical sleeve seals. 
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1. Assemble and install mechanical sleeve seals according to manufacturer's written in-

structions.  Tighten bolts that cause rubber sealing elements to expand and make wa-

tertight seal. 

R. 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. 

S. Verify final equipment locations for roughing-in. 

T. Refer to equipment specifications in other Sections of these Specifications for roughing-in re-

quirements. 

U. Piping Joint Construction:  Join pipe and fittings as follows and as specifically required in indi-

vidual piping specification Sections: 

1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings be-

fore assembly. 

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

"The Soldering of Pipe and Tube"; or CDA's "Copper Tube Handbook." 

4. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter 

"Pipe and Tube." 

5. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  

Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove 

burrs and restore full ID.  Join pipe fittings and valves as follows: 

a. Note internal length of threads in fittings or valve ends, and proximity of internal 

seat or wall, to determine how far pipe should be threaded into joint. 

b. Apply appropriate tape or thread compound to external pipe threads, unless dry 

seal threading is specified. 

c. Align threads at point of assembly. 

d. Tighten joint with wrench.  Apply wrench to valve end into which pipe is being 

threaded. 

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

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

6. Welded Joints:  Construct joints according to AWS D10.12, "Recommended Practic-

es and Procedures for Welding Low Carbon Steel Pipe," using qualified processes 

and welding operators according to "Quality Assurance" Article. 

7. Flanged Joints:  Align flange surfaces parallel.  Select appropriate gasket material, 

size, type, and thickness for service application.  Install gasket concentrically posi-

tioned.  Assemble joints by sequencing bolt tightening to make initial contact of 

flanges and gaskets as flat and parallel as possible.  Use suitable lubricants on bolt 

threads.  Tighten bolts gradually and uniformly using torque wrench. 

8. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces by wiping with 

clean cloth or paper towels.  Join pipe and fittings according to the following: 

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

vent cements. 

b. ABS Piping:  ASTM D 2235 and ASTM D 2661. 
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c. CPVC Piping:  ASTM D 2846 and ASTM F 493. 

d. PVC Pressure Piping:  ASTM D 2672. 

e. PVC Nonpressure Piping:  ASTM D 2855. 

f. PVC to ABS Nonpressure Transition Fittings:  Procedure and solvent cement ac-

cording to ASTM D 3138. 

9. Plastic Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with 

clean cloth or paper towels.  Join according to ASTM D 2657 procedures and manu-

facturer's written instructions. (Apply to all Lab waste piping) 

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

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

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

1. Install unions, in piping 2-inch NPS (DN50) and smaller, adjacent to each valve and 

at final connection to each piece of equipment with 2-inch NPS (DN50) or smaller 

threaded pipe connection. 

2. Install flanges, in piping 2-1/2-inch NPS (DN65) and larger, adjacent to flanged 

valves and at final connection to each piece of equipment with flanged pipe connec-

tion. 

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

of dissimilar metals. 

4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping 

materials of dissimilar metals. 

3.2 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to provide maximum possible headroom, if mounting heights are not indicat-

ed. 

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 LABELING AND IDENTIFYING 
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A. Piping Systems:  Install pipe markers on each system.  Include arrows showing normal direction 

of flow. 

1. Stenciled Markers:  According to ASME A13.1. 

2. Plastic markers, with application systems.  Install on insulation segment if required 

for hot, uninsulated piping. 

3. Locate pipe markers as follows if piping is exposed in finished spaces, machine 

rooms, and accessible maintenance spaces, such as shafts, tunnels, plenums, and ex-

terior nonconcealed locations: 

a. Near each valve and control device. 

b. Near each branch, excluding short takeoffs for fixtures and terminal units.  Mark 

each pipe at branch, if flow pattern is not obvious. 

c. Near locations if pipes pass through walls, floors, ceilings, or enter nonaccessible 

enclosures. 

d. At access doors, manholes, and similar access points that permit view of concealed 

piping. 

e. Near major equipment items and other points of origination and termination. 

f. Spaced at maximum of 50-foot (15-m) intervals along each run.  Reduce intervals 

to 25 feet (7.5 m) in congested areas of piping and equipment. 

g. On piping above removable acoustical ceilings, except omit intermediately spaced 

markers. 

B. Equipment:  Install engraved plastic-laminate sign on or near each major item of mechanical 

equipment. 

1. Lettering Size:  Minimum 1/4-inch- (6.4-mm-) high lettering for name of unit if 

viewing distance is less than 24 inches (610 mm), 1/2-inch- (12.7-mm-) high letter-

ing for distances up to 72 inches (1800 mm), and proportionately larger lettering for 

greater distances.  Provide secondary lettering two-thirds to three-fourths of size of 

principal lettering. 

2. Text of Signs:  Provide name of identified unit.  Include text to distinguish between 

multiple units, inform user of operational requirements, indicate safety and emergen-

cy precautions, and warn of hazards and improper operations. 

C. Duct Systems:  Identify air supply, return, exhaust, intake, and relief ducts with duct markers; or 

provide stenciled signs and arrows, showing duct system service and direction of flow. 

1. Location:  In each space, if ducts are exposed or concealed by removable ceiling sys-

tem, locate signs near points where ducts enter into space and at maximum intervals 

of 50 feet (15 m). 

D. Adjusting:  Relocate identifying devices as necessary for unobstructed view in finished con-

struction. 

3.4 PAINTING AND FINISHING 

A. Refer to Division 9 Section "Painting" for paint materials, surface preparation, and application 

of paint. 
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B. 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. 

6. Exterior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include two finish 

coats over rust-inhibitive metal primer. 

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

D. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish. 

3.5 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in 

both directions than supported unit.  Follow supported equipment manufacturer's setting tem-

plates for anchor bolt and tie locations.  Use 3000-psig (20.7-MPa), 28-day compressive-

strength concrete and reinforcement as specified in Division 3 Section "Cast-in-Place Con-

crete." 

3.6 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." 

3.7 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. 

3.8 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 in-

structions. 
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B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placing of grout. 

E. Place grout, completely filling equipment bases. 

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

G. Place grout around anchors. 

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

END OF SECTION 15050 
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SECTION 15060 - HANGERS AND SUPPORTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

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

B. Related Sections include the following: 

1. Division 13 Sections on fire-suppression piping for fire-suppression pipe hangers. 

2. Division 15 Section "Mechanical Vibration Controls and Seismic Restraints" for vibra-

tion isolation and seismic restraint devices. 

1.3 DEFINITIONS 

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

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

Supports." 

1.4 PERFORMANCE REQUIREMENTS 

A. Design channel support systems for piping to support multiple pipes capable of supporting 

combined weight of supported systems, system contents, and test water. 

B. Design heavy-duty steel trapezes for piping to support multiple pipes capable of supporting 

combined weight of supported systems, system contents, and test water. 

C. Design seismic restraint hangers and supports for piping and equipment. 

D. Design and obtain approval from authorities having jurisdiction for seismic restraint hangers 

and supports for piping and equipment. 

1.5 SUBMITTALS 

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

hanger shield insert indicated. 
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B. Shop Drawings:  Signed and sealed by a qualified professional engineer for multiple piping 

supports and trapeze hangers.  Include design calculations and indicate size and characteristics 

of components and fabrication details. 

C. Welding Certificates:  Copies of certificates for welding procedures and operators. 

1.6 QUALITY ASSURANCE 

A. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 

Code:  Section IX, "Welding and Brazing Qualifications." 

B. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for 

each multiple pipe support and trapeze by a qualified professional engineer. 

C. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for 

each multiple pipe support, trapeze, and seismic restraint by a qualified professional engineer. 

1. Professional Engineer Qualifications:  A professional engineer who is legally qualified to 

practice in jurisdiction where Project is located and who is experienced in providing en-

gineering services of the kind indicated.  Engineering services are defined as those per-

formed for installations of hangers and supports that are similar to those indicated for this 

Project in material, design, and extent. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the fol-

lowing: 

1. Pipe Hangers: 

a. B-Line Systems, Inc. 

b. Grinnell Corp. 

c. Michigan Hanger Co., Inc. 

d. Piping Technology & Products, Inc. 

2. Channel Support Systems: 

a. B-Line Systems, Inc. 

b. Grinnell Corp.; Power-Strut Unit. 

c. Michigan Hanger Co., Inc.; O-Strut Div. 

d. Thomas & Betts Corp. 

e. Unistrut Corp. 

3. Thermal-Hanger Shield Inserts: 
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a. Carpenter & Patterson, Inc. 

b. Michigan Hanger Co., Inc. 

c. PHS Industries, Inc. 

d. Pipe Shields, Inc. 

e. Rilco Manufacturing Co., Inc. 

2.2 MANUFACTURED UNITS 

A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  Refer 

to "Hanger and Support Applications" Article in Part 3 for where to use specific hanger and 

support types. 

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

finish. 

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are 

in direct contact with copper tubing. 

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

1. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated. 

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are 

in direct contact with copper tubing. 

C. Thermal-Hanger Shield Inserts:  100-psi (690-kPa) minimum compressive-strength insulation, 

encased in sheet metal shield. 

1. Material for Cold Piping:  ASTM C 552, Type I cellular glass or water-repellent-treated, 

ASTM C 533, Type I calcium silicate with vapor barrier. 

2. Material for Hot Piping:  ASTM C 552, Type I cellular glass or water-repellent-treated, 

ASTM C 533, Type I calcium silicate. 

3. For Trapeze or Clamped System:  Insert and shield cover entire circumference of pipe. 

4. For Clevis or Band Hanger:  Insert and shield cover lower 180 degrees of pipe. 

5. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating 

below ambient air temperature. 

2.3 MISCELLANEOUS MATERIALS 

A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities ap-

propriate for supported loads and building materials where used. 

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

C. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged, nonshrink and nonmetallic, dry, 

hydraulic-cement grout. 

1. Characteristics:  Post hardening and volume adjusting;  recommended for both interior 

and exterior applications. 

2. Properties:  Nonstaining, noncorrosive, and nongaseous. 

3. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 
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PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 

A. Specific hanger requirements are specified in Sections specifying equipment and systems. 

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

piping system Specification Sections. 

C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 

piping system Specification Sections, install the following types: 

1. Adjustable Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or insu-

lated stationary pipes, NPS 1/2 to NPS 30 (DN15 to DN750). 

2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of 120 to 450 deg F (49 to 

232 deg C) pipes, NPS 4 to NPS 16 (DN100 to DN400), requiring up to 4 inches 

(100 mm) of insulation. 

3. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot pipes, NPS 1/2 to 

NPS 24 (DN15 to DN600), if little or no insulation is required. 

4. Pipe Hangers (MSS Type 5):  For suspension of pipes, NPS 1/2 to NPS 4 (DN15 to 

DN100), to allow off-center closure for hanger installation before pipe erection. 

5. Adjustable Band Hangers (MSS Type 9):  For suspension of noninsulated stationary 

pipes, NPS 1/2 to NPS 8 (DN15 to DN200). 

6. Split Pipe-Ring with or without Turnbuckle-Adjustment Hangers (MSS Type 11):  For 

suspension of noninsulated stationary pipes, NPS 3/8 to NPS 8 (DN10 to DN200). 

7. Pipe Saddle Supports (MSS Type 36):  For support of pipes, NPS 4 to NPS 36 (DN100 to 

DN900), with steel pipe base stanchion support and cast-iron floor flange. 

8. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes, 

NPS 2-1/2 to NPS 36 (DN65 to DN900), if vertical adjustment is required, with steel pipe 

base stanchion support and cast-iron floor flange. 

9. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30 (DN25 to 

DN750), from two rods if longitudinal movement caused by expansion and contraction 

might occur. 

10. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes, NPS 2-1/2 to 

NPS 20 (DN65 to DN500), from single rod if horizontal movement caused by expansion 

and contraction might occur. 

11. Complete Pipe Rolls (MSS Type 44):  For support of pipes, NPS 2 to NPS 42 (DN50 to 

DN1050), if longitudinal movement caused by expansion and contraction might occur but 

vertical adjustment is not necessary. 

12. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes, NPS 2 to NPS 24 (DN50 

to DN600), if small horizontal movement caused by expansion and contraction might oc-

cur and vertical adjustment is not necessary. 

13. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes, NPS 2 to 

NPS 30 (DN50 to DN750), if vertical and lateral adjustment during installation might be 

required in addition to expansion and contraction. 

D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 
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1. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers, 

NPS 3/4 to NPS 20 (DN20 to DN500), if longer ends are required for riser clamps. 

E. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches (150 mm) for heavy 

loads. 

2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F (49 to 232 deg C) piping installa-

tions. 

3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 

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

building attachments. 

5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F (49 to 232 deg C) piping 

installations. 

F. Building Attachments:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 

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

construction to attach to top flange of structural shape. 

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

channels, or angles. 

3. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 

4. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 

are considerable and rod sizes are large. 

5. C-Clamps (MSS Type 23):  For structural shapes. 

6. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge. 

7. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 

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

beams for heavy loads. 

9. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to struc-

tural steel. 

10. Welded-Steel Brackets:  For support of pipes from below or for suspending from above 

by using clip and rod.  Use one of the following for indicated loads: 

a. Light (MSS Type 31):  750 lb (340 kg). 

b. Medium (MSS Type 32):  1500 lb (675 kg). 

c. Heavy (MSS Type 33):  3000 lb (1350 kg). 

11. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required. 

12. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where head room is limited. 

G. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Spec-

ification Sections, install the following types: 

1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with insu-

lation that matches adjoining insulation. 
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2. Protection Shields (MSS Type 40):  Of length recommended by manufacturer to prevent 

crushing insulation. 

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe, 360-degree insert of high-

density, 100-psi (690-kPa) minimum compressive-strength, water-repellent-treated calci-

um silicate or cellular-glass pipe insulation, same thickness as adjoining insulation with 

vapor barrier and encased in 360-degree sheet metal shield. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Pipe Hanger and Support Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hang-

ers, supports, clamps, and attachments as required to properly support piping from building 

structure. 

B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and sup-

port together on field-assembled channel systems. 

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

C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of horizontal pip-

ing and support together on field-fabricated, heavy-duty trapezes. 

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or in-

stall intermediate supports for smaller diameter pipes as specified above for individual 

pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  

Weld steel according to AWS D-1.1. 

D. Install building attachments within concrete slabs or attach to structural steel.  Space attach-

ments within maximum piping span length indicated in MSS SP-69.  Install additional attach-

ments at concentrated loads, including valves, flanges, guides, strainers, and expansion joints, 

and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten 

inserts to forms and install reinforcing bars through openings at top of inserts. 

E. Install mechanical-anchor fasteners in concrete after concrete is placed and completely cured.  

Install fasteners according to manufacturer's written instructions. 

F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and oth-

er accessories. 

G. Install hangers and supports to allow controlled thermal and seismic movement of piping sys-

tems, to permit freedom of movement between pipe anchors, and to facilitate action of expan-

sion joints, expansion loops, expansion bends, and similar units. 

H. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment. 

I. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum 

pipe deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded. 

J. Insulated Piping:  Comply with the following: 
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1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature:  Clamp may project through 

insulation. 

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield in-

sert with clamp sized to match OD of insert. 

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

2. Install MSS SP-58, Type 39 protection saddles, if insulation without vapor barrier is indi-

cated.  Fill interior voids with insulation that matches adjoining insulation. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 (DN100) and larger if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier.  Shields 

shall span arc of 180 degrees. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 (DN100) and larger if pipe is installed on rollers. 

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

a. NPS 1/4 to NPS 3-1/2 (DN8 to DN90):  12 inches (305 mm) long and 0.048 inch 

(1.22 mm) thick. 

b. NPS 4 (DN100):  12 inches (305 mm) long and 0.06 inch (1.52 mm) thick. 

c. NPS 5 and NPS 6 (DN125 and DN150):  18 inches (457 mm) long and 0.06 inch 

(1.52 mm) thick. 

d. NPS 8 to NPS 14 (DN200 to DN350):  24 inches (610 mm) long and 0.075 inch 

(1.91 mm) thick. 

5. Pipes NPS 8 (DN200) and Larger:  Include wood inserts. 

6. Insert Material:  Length at least as long as protective shield. 

7. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation. 

3.3 EQUIPMENT SUPPORTS 

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

equipment above floor. 

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

3.4 METAL FABRICATION 

A. Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes and equipment 

supports. 

B. Fit exposed connections together to form hairline joints.  Field-weld connections that cannot be 

shop-welded because of shipping size limitations. 
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C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, appearance 

and quality of welds, and methods used in correcting welding work, and with the following: 

1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals. 

2. Obtain fusion without undercut or overlap. 

3. Remove welding flux immediately. 

4. Finish welds at exposed connections so no roughness shows after finishing and contours 

of welded surfaces match adjacent contours. 

3.5 ADJUSTING 

A. Hanger Adjustment:  Adjust hangers to distribute loads equally on attachments and to achieve 

indicated slope of pipe. 

3.6 PAINTING 

A. Touching Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immedi-

ately after erecting hangers and supports.  Use same materials as used for shop painting.  Com-

ply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils 

(0.05 mm). 

B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded 

areas of shop paint on miscellaneous metal are specified in Division 9 Section "Painting." 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvaniz-

ing-repair paint to comply with ASTM A 780. 

END OF SECTION 15060 
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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 Condi-

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes mechanical identification materials and devices. 

1.3 SUBMITTALS 

A. Product Data:  For identification materials and devices. 

B. Valve Schedules:  For each piping system.  Reproduce on standard-size bond paper.  Tabulate 

valve number, piping system, system abbreviation as shown on tag, room or space location of 

valve, and variations for identification.  Mark valves intended for emergency shutoff and similar 

special uses.  Besides mounted copies, furnish copies for maintenance manuals specified in Di-

vision 1. 

1.4 QUALITY ASSURANCE 

A. Comply with ASME A13.1, "Scheme for the Identification of Piping Systems" for lettering size, 

length of color field, colors, and viewing angles of identification devices. 

1.5 SEQUENCING AND SCHEDULING 

A. Coordinate installation of identifying devices with completion of covering and painting of sur-

faces where devices are to be applied. 

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

PART 2 - PRODUCTS 

2.1 IDENTIFYING DEVICES AND LABELS 

A. General:  Products specified are for applications referenced in other Division 15 Sections.  If 

more than single type is specified for listed applications, selection is Installer's option. 
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B. Equipment Nameplates:  Metal permanently fastened to equipment with data engraved or 

stamped. 

1. Data:  Manufacturer, product name, model number, serial number, capacity, operating 

and power characteristics, labels of tested compliances, and essential data. 

2. Location:  Accessible and visible. 

C. Stencils:  Standard stencils, prepared with letter sizes conforming to recommendations of 

ASME A13.1.  Minimum letter height is 1-1/4 inches (30 mm) for ducts, and 3/4 inch (20 mm) 

for access door signs and similar operational instructions. 

1. Material:  Brass. 

2. Stencil Paint:  Exterior, oil-based, alkyd gloss black enamel, unless otherwise indicated.  

Paint may be in pressurized spray-can form. 

3. Identification Paint:  Exterior, oil-based, alkyd enamel in colors according to 

ASME A13.1, unless otherwise indicated. 

D. Snap-On Plastic Pipe Markers:  Manufacturer's standard preprinted, semirigid, snap-on type.  

Include color-coding according to ASME A13.1, unless otherwise indicated. 

E. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm):  Full-band pipe markers, 

extending 360 degrees around pipe at each location. 

F. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger:  Either full-band or strip-

type pipe markers, at least 3 times letter height and of length required for label. 

G. Lettering:  Manufacturer's standard preprinted captions as selected by Architect. 

H. Lettering:  Use piping system terms indicated and abbreviate only as necessary for each applica-

tion length. 

1. Arrows:  Either integrally with piping system service lettering, to accommodate both di-

rections, or as separate unit, on each pipe marker to indicate direction of flow. 

I. Plastic Duct Markers:  Manufacturer's standard laminated plastic, in the following color codes: 

1. Green:  Cold-air supply. 

2. Yellow:  Hot-air supply. 

3. Blue:  Exhaust, outside, return, and mixed air. 

4. Hazardous Material Exhausts:  Use colors and designs recommended by ASME A13.1. 

5. Terminology:  Include direction of airflow; duct service such as supply, return, and ex-

haust; duct origin, duct destination, and design flow. 

J. Valve Tags:  Stamped or engraved with 1/4-inch (6-mm) letters for piping system abbreviation 

and 1/2-inch (13-mm) sequenced numbers.  Include 5/32-inch (4-mm) hole for fastener. 

1. Material:  0.032-inch- (0.8-mm-) thick, polished brass. 

2. Size:  1-1/2-inches (40-mm) diameter, unless otherwise indicated. 

3. Shape:  As indicated for each piping system. 

K. Valve Tag Fasteners:  Brass S-hooks. 
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L. Access Panel Markers:  1/16-inch- (2-mm-) thick, engraved plastic-laminate markers, with ab-

breviated terms and numbers corresponding to concealed valve.  Provide 1/8-inch (3-mm) cen-

ter hole for attachment. 

M. Valve Schedule Frames:  Glazed display frame for removable mounting on masonry walls for 

each page of valve schedule.  Include screws. 

1. Frame:  Extruded aluminum. 

2. Glazing:  ASTM C 1036, Type I, Class 1, Glazing quality B, 2.5-mm, single-thickness 

glass. 

N. Engraved Plastic-Laminate 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. Engraving:  Engraver's standard letter style, of sizes and with terms to match equipment 

identification. 

2. Thickness:  1/8 inch (3 mm), unless otherwise indicated. 

3. Fasteners:  Self-tapping, stainless-steel screws. 

O. Plasticized Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized 

card stock with mat finish suitable for writing. 

1. Size:  3-1/4 by 5-5/8 inches (85 by 145 mm). 

2. Fasteners:  Brass grommets and wire. 

3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, or DO NOT 

OPERATE. 

P. Lettering and Graphics:  Coordinate names, abbreviations, and other designations used in me-

chanical identification with corresponding designations indicated.  Use numbers, letters, and 

terms indicated for proper identification, operation, and maintenance of mechanical systems and 

equipment. 

1. Multiple Systems:  Identify individual system number and service if multiple systems of 

same name are indicated. 

PART 3 - EXECUTION 

3.1 LABELING AND IDENTIFYING PIPING SYSTEMS 

A. Install pipe markers on each system.  Include arrows showing normal direction of flow. 

B. Marker Type:  Plastic markers, with application systems.  Install on pipe insulation segment 

where required for hot, noninsulated pipes. 

C. Fasten markers on pipes and insulated pipes smaller than 6 inches (150 mm)  OD by one of fol-

lowing methods: 
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1. Snap-on application of pretensioned, semirigid plastic pipe marker. 

2. Laminated or bonded application of pipe marker to pipe or insulation. 

D. Fasten markers on pipes and insulated pipes 6 inches (150 mm) in diameter and larger by one of 

following methods: 

1. Strapped to pipe or insulation with manufacturer's standard stainless-steel bands. 

E. 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 non-

concealed locations according to the following: 

1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Mark each pipe at branch, where flow pattern is not obvious. 

3. Near penetrations through walls, floors, ceilings, or nonaccessible enclosures. 

4. At access doors, manholes, and similar access points that permit view of concealed pip-

ing. 

5. Near major equipment items and other points of origination and termination. 

6. Spaced at a maximum of 50-foot (15-m) intervals along each run.  Reduce intervals to 25 

feet (7.5 m) in areas of congested piping and equipment. 

7. On piping above removable acoustical ceilings, except omit intermediately spaced mark-

ers. 

3.2 VALVE TAGS 

A. Install on valves and control devices in piping systems, except check valves, valves within fac-

tory-fabricated equipment units, plumbing fixture supply stops, shutoff valves, faucets, conven-

ience and lawn-watering hose connections, and HVAC terminal devices and similar roughing-in 

connections of end-use fixtures and units.  List tagged valves in valve schedule. 

B. Valve Tag Application Schedule:  Tag valves according to size, shape, color scheme, and with 

captions similar to those indicated in the following: 

C. Tag Material:  Brass. 

D. Tag Size and Shape:  According to the following: 

1. Cold Water:  1-1/2 inches (40 mm), round. 

2. Hot Water:  1-1/2 inches (40 mm), square. 

3. Fire Protection:  2 inches (50 mm), round. 

4. Gas:  1-1/2 inches (40 mm), round. 

5. Steam:  1-1/2 inches (40 mm), round. 

E. Tag Color:  According to the following: 

1. Cold Water:  Green. 

2. Hot Water:  White. 

3. Fire Protection:  Red. 

4. Gas:  Yellow. 
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5. Steam:  Black. 

F. Letter Color:  According to the following: 

1. Cold Water:  White. 

2. Hot Water:  White. 

3. Fire Protection:  White. 

4. Gas:  White. 

5. Steam:  White. 

G. Install mounted valve schedule in each major equipment room. 

3.3 EQUIPMENT SIGNS AND MARKERS 

A. Install engraved plastic-laminate signs or equipment markers on or near each major item of me-

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

1. Main control and operating valves, including safety devices and hazardous units such as 

gas outlets. 

2. Fire department hose valves and hose stations. 

3. Meters, gages, thermometers, and similar units. 

4. Fuel-burning units, including boilers and heaters. 

5. Pumps, compressors, chillers, condensers, and similar motor-driven units. 

6. Heat exchangers, coils, evaporators, cooling towers, and similar equipment. 

7. Fans, blowers. 

8. Packaged HVAC central-station and zone-type units. 

9. Tanks and pressure vessels. 

10. Strainers, filters, humidifiers, water-treatment systems, and similar equipment. 

B. Duct Systems:  Identify air supply, return, exhaust, intake, and relief ducts with duct markers; or 

provide stenciled signs and arrows showing service and direction of flow. 

1. Location:  Locate signs near points where ducts enter into concealed spaces and at maxi-

mum intervals of 50 feet (15 m) in each space where ducts are exposed or concealed by 

removable ceiling system. 

3.4 ADJUSTING AND CLEANING 

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

work of this or other Divisions. 

B. Clean faces of identification devices and glass frames of valve charts. 

END OF SECTION 15075 
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SECTION 15081 - DUCT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes semirigid and flexible duct, plenum, and breeching insulation; insulating 

cements; field-applied jackets; accessories and attachments; and sealing compounds. 

B. Related Sections include the following: 

1. Division 7 Section "Firestopping" for firestopping materials and requirements for pene-

trations through fire and smoke barriers. 

2. Division 15 Section "Equipment Insulation" for insulation materials and application for 

pumps, tanks, hydronic specialties, and other equipment. 

3. Division 15 Section "Pipe Insulation" for insulation for piping systems. 

1.3 SUBMITTALS 

A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field ap-

plied, if any), for each type of product indicated. 

B. Shop Drawings:  Show fabrication and installation details for the following: 

1. Removable insulation sections at access panels. 

2. Application of field-applied jackets. 

3. Applications at linkages for control devices. 

C. Installer Certificates:  Signed by the Contractor certifying that installers comply with require-

ments. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 

program or another craft training program. 

B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those speci-

fied in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to 

authorities having jurisdiction.  Factory label insulation and jacket materials and sealer and ce-

ment material containers with appropriate markings of applicable testing and inspecting agency. 
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1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed rat-

ing of 50 or less. 

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

rating of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate 

ASTM specification designation, type and grade, and maximum use temperature. 

1.6 COORDINATION 

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

1.7 SCHEDULING 

A. Schedule insulation application after testing duct systems.  Insulation application may begin on 

segments of ducts that have satisfactory test results. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

lowing: 

1. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 

b. Knauf FiberGlass GmbH. 

c. Owens-Corning Fiberglas Corp. 

d. Schuller International, Inc. 

2. Flexible Elastomeric Thermal Insulation: 

a. Armstrong World Industries, Inc. 

b. Rubatex Corp. 

3. Calcium Silicate Insulation: 

a. Owens-Corning Fiberglas Corp. 

b. Pabco. 

c. Schuller International, Inc. 

2.2 INSULATION MATERIALS 
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A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  

Comply with ASTM C 612, Type IB, without facing and with all-service jacket manufactured 

from kraft paper, reinforcing scrim, aluminum foil, and vinyl film. 

B. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  

Comply with ASTM C 553, Type II, without facing and with all-service jacket manufactured 

from kraft paper, reinforcing scrim, aluminum foil, and vinyl film. 

C. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  

Comply with ASTM C 534, Type II for sheet materials. 

1. Adhesive:  As recommended by insulation material manufacturer. 

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

D. Calcium Silicate Insulation:  Flat-, curved-, and grooved-block sections of noncombustible, in-

organic, hydrous calcium silicate with a nonasbestos fibrous reinforcement.  Comply with 

ASTM C 533, Type I. 

2.3 FIELD-APPLIED JACKETS 

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

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

minum foil. 

C. Aluminum Jacket:  Deep corrugated sheets manufactured from aluminum alloy complying with 

ASTM B 209 (ASTM B 209M), and having an integrally bonded moisture barrier over entire 

surface in contact with insulation.  Metal thickness and corrugation dimensions are scheduled at 

the end of this Section. 

1. Finish:  Stucco-embossed finish. 

2. Moisture Barrier:  1-mil- (0.025-mm-) thick, heat-bonded polyethylene and kraft paper. 

2.4 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  

Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m). 

1. Tape Width:  4 inches (100 mm). 

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket: 

1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch (0.5 mm) thick. 

C. Wire:  0.062-inch (1.6-mm), soft-annealed, stainless steel. 

D. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer 

manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insula-

tion thickness indicated. 
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1. Adhesive:  Recommended by the anchor pin manufacturer as appropriate for surface 

temperatures of ducts, plenums, and breechings; and to achieve a holding capacity of 100 

lb (45 kg) for direct pull perpendicular to the adhered surface. 

2.5 VAPOR RETARDERS 

A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with 

insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation and other 

conditions affecting performance of insulation application. 

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

3.2 PREPARATION 

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

adversely affect insulation application. 

3.3 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written in-

structions; with smooth, straight, and even surfaces; and free of voids throughout the length of 

ducts and fittings. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses re-

quired for each duct system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use accesso-

ries that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state. 

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

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

tarder. 

F. Keep insulation materials dry during application and finishing. 

G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with ad-

hesive recommended by the insulation material manufacturer. 

H. Apply insulation with the least number of joints practical. 
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I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integ-

rity, unless otherwise indicated. 

J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at 

hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation 

continuously through hangers and around anchor attachments. 

K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal 

ends with a compound recommended by the insulation material manufacturer to maintain vapor 

retarder. 

L. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 

2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation ma-

terial manufacturer to maintain vapor seal. 

3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and 

joints and at ends adjacent to duct flanges and fittings. 

M. Cut insulation according to manufacturer's written instructions to prevent compressing insula-

tion to less than 75 percent of its nominal thickness. 

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

1. Ducts with Vapor Retarders:  Overlap insulation facing at seams and seal with vapor-

retarder mastic and pressure-sensitive tape having same facing as insulation.  Repair 

punctures, tears, and penetrations with tape or mastic to maintain vapor-retarder seal. 

2. Ducts without Vapor Retarders:  Overlap insulation facing at seams and secure with out-

ward clinching staples and pressure-sensitive tape having same facing as insulation. 

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

flashing. 

1. Seal penetrations with vapor-retarder mastic. 

2. Apply insulation for exterior applications tightly joined to interior insulation ends. 

3. Seal insulation to roof flashing with vapor-retarder mastic. 

P. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and parti-

tions, except fire-rated walls and partitions. 

Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper sleeves 

for fire-rated wall and partition penetrations. 

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

top of floor. 

1. For insulation indicated to have vapor retarders, taper termination and seal insulation 

ends with vapor-retarder mastic. 

3.4 MINERAL-FIBER INSULATION APPLICATION 
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A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with adhesive and an-

chor pins and speed washers. 

1. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transi-

tions. 

2. Install anchor pins and speed washers on sides and bottom of horizontal ducts and sides 

of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along longitudinal 

centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, 

and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm).  Space 16 inches 

(400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints.  

Apply additional pins and clips to hold insulation tightly against surface at cross 

bracing. 

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

plenums. 

d. Do not overcompress insulation during installation. 

3. Impale insulation over anchors and attach speed washers. 

4. Cut excess portion of pins extending beyond speed washers or bend parallel with insula-

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

5. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 

inches (50 mm) from one edge and one end of insulation segment.  Secure laps to adja-

cent insulation segment with 1/2-inch (13-mm) staples, 1 inch (25 mm) o.c., and cover 

with pressure-sensitive tape having same facing as insulation. 

6. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams and end 

joints.  Secure with steel band at end joints and spaced a maximum of 18 inches (450 

mm) o.c. 

7. Apply insulation on rectangular duct elbows and transitions with a full insulation segment 

for each surface.  Apply insulation on round and flat-oval duct elbows with individually 

mitered gores cut to fit the elbow. 

8. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface 

with 6-inch- (150-mm-) wide strips of the same material used to insulate duct.  Secure on 

alternating sides of stiffener, hanger, and flange with anchor pins spaced 6 inches (150 

mm) o.c. 

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

to receive vapor retarder. 

B. Board Applications for Ducts and Plenums:  Secure board insulation with adhesive and anchor 

pins and speed washers. 

1. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transi-

tions. 

2. Space anchor pins as follows: 

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along longitudinal 

centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, 

and 16 inches (400 mm) o.c. 
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b. On duct sides with dimensions larger than 18 inches (450 mm).  Space 16 inches 

(400 mm) o.c. each way,  and 3 inches (75 mm) maximum from insulation joints. 

Apply additional pins and clips to hold insulation tightly against surface at cross 

bracing. 

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

plenums. 

d. Do not overcompress insulation during installation. 

3. Cut excess portion of pins extending beyond speed washers or bend parallel with insula-

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

4. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 

inches (50 mm) from one edge and one end of insulation segment.  Secure laps to adja-

cent insulation segment with 1/2-inch (13-mm) staples, 1 inch (25 mm) o.c., and cover 

with pressure-sensitive tape having same facing as insulation. 

5. Apply insulation on rectangular duct elbows and transitions with a full insulation segment 

for each surface.  Groove and score insulation to fit as closely as possible to outside and 

inside radius of elbows.  Apply insulation on round and flat-oval duct elbows with indi-

vidually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface 

with 6-inch- (150-mm-) wide strips of the same material used to insulate duct.  Secure on 

alternating sides of stiffener, hanger, and flange with anchor pins spaced 6 inches (150 

mm) o.c. 

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

to receive vapor retarder. 

3.5 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION 

A. Apply insulation to ducts and plenums as follows: 

1. Follow the manufacturer's written instructions for applying insulation. 

2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive.  Ce-

ment to avoid openings in insulation that will allow passage of air to the duct and plenum 

surface. 

3.6 CALCIUM SILICATE INSULATION APPLICATION 

A. Apply insulation according to the manufacturer's written instructions and as follows: 

1. Secure single layer of insulation to duct with stainless-steel bands.  Tighten bands with-

out deforming the insulation material. 

2. Apply two-layer insulation with joints tightly butted and staggered at least 3 inches (75 

mm).  Secure inner layer with 0.062-inch (1.6-mm), soft-annealed, stainless-steel wire.  

Secure outer layer with stainless-steel bands. 

3. On exposed applications, without metal jacket, finish insulation with a skim coat of min-

eral-fiber, hydraulic-setting cement to surface of installed insulation.  When dry, apply 

flood coat of lagging adhesive and press on one layer of glass cloth or tape.  Overlap edg-

es at least 1 inch (25 mm).  Apply finish coat of lagging adhesive over glass cloth or tape.  

Thin the finish coat to achieve smooth finish. 
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3.7 FIELD-APPLIED JACKET APPLICATION 

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

ry-applied jackets. 

1. Apply jacket smooth and tight to surface with 2-inch (50-mm) overlap at seams and 

joints. 

2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of jacket manufactur-

er's recommended adhesive. 

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

3.8 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of in-

sulation manufacturer's recommended protective coating. 

3.9 DUCT SYSTEM APPLICATIONS 

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

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

Section. 

C. Insulate the following plenums and duct systems: 

1. Indoor concealed supply-, return-, and outside-air ductwork. 

2. Indoor exposed supply-, return-, and outside-air ductwork. 

3. Outdoor exposed supply and return ductwork. 

D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following sys-

tems, materials, and equipment: 

1. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections. 

2. Flexible connectors. 

3. Vibration-control devices. 

4. Testing agency labels and stamps. 

5. Nameplates and data plates. 

6. Access panels and doors in air-distribution systems. 

3.10 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE 

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

1. Material:  Mineral-fiber blanket. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 
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B. Service:  Round, return-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

C. Service:  Round, outside-air ducts, concealed 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  1-1/2 inches. 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

D. Service:  Rectangular, supply-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

E. Service:  Rectangular, return-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

F. Service:  Rectangular, outside-air ducts, concealed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  2 inches  

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

G. Service:  Round, supply-air ducts, exposed in attic and equipment room spaces. 

1. Material:  Mineral-fiber board. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

H. Service:  Round, return-air ducts, exposed in attic and equipment room spaces. 

1. Material:  Mineral-fiber board. 

2. Thickness:  1-1/2 inches (38 mm). 

3. Number of Layers:  One. 
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4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

I. Service:  Round, outside-air ducts, exposed. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  2 inches. 

3. Number of Layers:  One. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

J. Service:  Rectangular, supply-air ducts, exposed in equipment room spaces. 

1. Material:  Mineral-fiber board. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  two. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

K. Service:  Rectangular, return-air ducts, exposed in equipment room spaces. 

1. Material:  Mineral-fiber blanket. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  two. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

L. Service:  Rectangular, outside-air, supply and return air ducts, exposed in equipment rooms.  

1. Material:  Mineral-fiber board. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  Two. 

4. Field-Applied Jacket:  Foil and paper. 

5. Vapor Retarder Required:  Yes. 

3.11 OUTDOOR DUCT AND PLENUM APPLICATION SCHEDULE 

A. Service:  Round, supply-air ducts. 

1. Material:  Mineral-fiber board. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  Two. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  Yes. 

B. Service:  Round, return-air ducts. 
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1. Material:  Mineral-fiber board. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  Two. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  Yes. 

C. Service:  Rectangular, supply-air ducts. 

1. Material:  Mineral-fiber board. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  Two. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  Yes. 

D. Service:  Rectangular, return-air ducts. 

1. Material:  Mineral-fiber board. 

2. Thickness:  2 inches (50 mm). 

3. Number of Layers:  Two. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  Yes. 

END OF SECTION 15081 
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SECTION 15082 - EQUIPMENT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes blanket, board, and block insulation; insulating cements; field-applied 

jackets; accessories and attachments; and sealing compounds. 

B. Related Sections include the following: 

1. Division 15 Section "Duct Insulation" for insulation materials and application for ducts 

and plenums. 

2. Division 15 Section "Pipe Insulation" for insulation for piping systems. 

1.3 SUBMITTALS 

A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field ap-

plied, if any), for each type of product indicated. 

B. Shop Drawings:  Show fabrication and installation details for the following: 

1. Field application for each equipment type. 

2. Removable insulation sections at access panels. 

3. Application of field-applied jackets. 

4. Special shapes for cellular-glass insulation. 

C. Installer Certificates:  Signed by the Contractor certifying that installers comply with require-

ments. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 

program or another craft training program. 

B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those speci-

fied in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to 

authorities having jurisdiction.  Factory label insulation and jacket materials and sealer and ce-

ment material containers with appropriate markings of applicable testing and inspecting agency. 
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1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed rat-

ing of 50 or less. 

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

rating of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate 

ASTM specification designation, type and grade, and maximum use temperature. 

1.6 COORDINATION 

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

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

lowing: 

1. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 

b. Knauf FiberGlass GmbH. 

c. Owens-Corning Fiberglas Corp. 

d. Schuller International, Inc. 

2. Cellular-Glass Insulation: 

a. Pittsburgh-Corning Corp. 

3. Flexible Elastomeric Thermal Insulation: 

a. Armstrong World Industries, Inc. 

b. Rubatex Corp. 

4. Calcium Silicate Insulation: 

a. Owens-Corning Fiberglas Corp. 

b. Pabco. 

c. Schuller International, Inc. 

2.2 INSULATION MATERIALS 
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A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  

Comply with ASTM C 612, Type IB, without facing and with all-service jacket manufactured 

from kraft paper, reinforcing scrim, aluminum foil, and vinyl film. 

B. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  

Comply with ASTM C 553, Type II, without facing and with all-service jacket manufactured 

from kraft paper, reinforcing scrim, aluminum foil, and vinyl film. 

C. Cellular-Glass Insulation:  Inorganic, foamed or cellulated glass, annealed, rigid, hermetically 

sealed cells, incombustible. 

1. Block Insulation:  ASTM C 552, Type I. 

2. Special-Shaped Insulation:  ASTM C 552, Type III. 

3. Board Insulation:  ASTM C 552, Type IV. 

D. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  

Comply with ASTM C 534, Type II for sheet materials. 

1. Adhesive:  As recommended by insulation material manufacturer. 

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

E. Closed-Cell Phenolic-Foam Insulation:  Block insulation of rigid, expanded, closed-cell struc-

ture.  Comply with ASTM C 1126, Type II, Grade 1. 

F. Calcium Silicate Insulation:  Flat-, curved-, and grooved-block sections of noncombustible, in-

organic, hydrous calcium silicate with a nonasbestos fibrous reinforcement.  Comply with 

ASTM C 533, Type I. 

2.3 FIELD-APPLIED JACKETS 

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

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

minum foil. 

C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils (0.5 mm) thick; roll stock ready 

for shop or field cutting and forming. 

1. Adhesive:  As recommended by insulation material manufacturer. 

2. PVC Jacket Color:  White. 

D. Aluminum Jacket:  Deep corrugated sheets manufactured from aluminum alloy complying with 

ASTM B 209 (ASTM B 209M), and having an integrally bonded moisture barrier over entire 

surface in contact with insulation.  Metal thickness and corrugation dimensions are scheduled at 

the end of this Section. 

1. Finish:  Stucco-embossed finish. 

2. Moisture Barrier:  1-mil- (0.025-mm-) thick, heat-bonded polyethylene and kraft paper. 
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2.4 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  

Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m). 

1. Tape Width:  4 inches (100 mm). 

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket: 

1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch (0.5 mm) thick. 

C. Wire:  0.062-inch (1.6-mm), soft-annealed, stainless steel. 

D. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer 

manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insula-

tion thickness indicated. 

1. Adhesive:  Recommended by the anchor pin manufacturer as appropriate for surface 

temperatures of ducts, plenums, and breechings; and to achieve a holding capacity of 100 

lb (45 kg) for direct pull perpendicular to the adhered surface. 

2.5 VAPOR RETARDERS 

A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with 

insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation and other 

conditions affecting performance of insulation application. 

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

3.2 PREPARATION 

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

adversely affect insulation application. 

3.3 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written in-

structions; with smooth, straight, and even surfaces; and free of voids throughout the length of 

equipment. 
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B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses re-

quired for each equipment system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use accesso-

ries that do not corrode, soften, or otherwise attack insulation or jacket in either the wet or dry 

state. 

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

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

tarder. 

F. Keep insulation materials dry during application and finishing. 

G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with ad-

hesive recommended by the insulation material manufacturer. 

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

I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integ-

rity, unless otherwise indicated. 

J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at 

hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation 

continuously through hangers and around anchor attachments. 

K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal 

ends with a compound recommended by the insulation material manufacturer to maintain vapor 

retarder. 

L. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 

2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation ma-

terial manufacturer to maintain vapor seal. 

3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and 

joints and at ends adjacent to flanges and fittings. 

M. Cut insulation according to manufacturer's written instructions to prevent compressing insula-

tion to less than 75 percent of its nominal thickness. 

N. Install vapor-retarder mastic on equipment scheduled to receive vapor retarders.  Overlap insu-

lation facing at seams and seal with vapor-retarder mastic and pressure-sensitive tape having 

same facing as insulation.  Repair punctures, tears, and penetrations with tape or mastic to main-

tain vapor-retarder seal. 

O. Insulate the following indoor equipment: 

1. Chilled-water air separators (small tanks). 

2. Chilled-water centrifugal pump housings. 

3. Heating hot-water air separators (small tanks). 
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4. Steam-to-water converters, not factory insulated. 

5. Deaerators, not factory insulated. 

P. Omit insulation from the following: 

1. Vibration-control devices. 

2. Testing agency labels and stamps. 

3. Nameplates and data plates. 

4. Manholes. 

5. Handholes. 

6. Cleanouts. 

3.4 INDOOR TANK AND VESSEL INSULATION APPLICATION 

A. Blankets, Board, and Block Applications for Tanks and Vessels:  Secure insulation with adhe-

sive and anchor pins and speed washers. 

1. Apply adhesives according to manufacturer's recommended coverage rates per square 

foot, for 100 percent coverage of tank and vessel surfaces. 

2. Groove and score insulation materials to fit as closely as possible to the equipment, in-

cluding contours.  Bevel insulation edges for cylindrical surfaces for tight joint.  Stagger 

end joints. 

3. Protect exposed corners with secured corner angles. 

4. Install adhesive-attached or self-adhesive anchor pins and speed washers on sides of 

tanks and vessels as follows: 

a. Do not weld anchor pins to ASME-labeled pressure vessels. 

b. On tank and vessel, 3 inches (75 mm) maximum from insulation end joints, and 16 

inches (400 mm) o.c. in both directions. 

c. Do not overcompress insulation during installation. 

d. Cut and miter insulation segments to fit curved sides and dome heads of tanks and 

vessels. 

5. Impale insulation over anchor pins and attach speed washers. 

6. Cut excess portion of pins extending beyond speed washers or bend parallel with insula-

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

7. Secure each layer of insulation with stainless-steel bands. 

8. Stagger joints between insulation layers at least 3 inches (75 mm). 

9. Apply insulation in removable segments on equipment access doors and other elements 

that require frequent removal for service. 

10. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and name-

plates. 

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

to receive vapor retarder. 

B. Flexible Elastomeric Thermal Insulation Applications for Tanks and Vessels:  Apply insulation 

over entire surface of tanks and vessels according to the manufacturer's written instructions. 

1. Apply 100 percent coverage of adhesive to surface with manufacturer's recommended 

adhesive. 
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2. Seal longitudinal seams and end joints. 

3.5 FIELD-APPLIED JACKET APPLICATION 

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

ry-applied jackets. 

1. Apply jacket smooth and tight to surface with 2-inch (50-mm) overlap at seams and 

joints. 

2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of jacket manufactur-

er's recommended adhesive. 

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

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

1. Draw jacket material smooth and tight. 

2. Apply lap or joint strips with the same material as jacket. 

3. Secure jacket to insulation with manufacturer's recommended adhesive. 

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

wide joint strips at end joints. 

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

with vapor-retarder mastic. 

C. PVC Jackets:  Apply jacket with longitudinal seams along top and bottom of tanks and vessels 

for horizontal applications.  Secure and seal seams and end joints with manufacturer's welding 

adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 

finish bead along the seam and joint edge. 

D. Aluminum Jackets:  Secure jackets according to jacket manufacturer's written instructions. 

3.6 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of in-

sulation manufacturer's recommended protective coating. 

3.7 FIELD QUALITY CONTROL 

A. Inspection:  Owner will engage a qualified inspection agency to perform the following field 

quality-control inspections, after installing insulation materials, jackets, and finishes, to deter-

mine compliance with requirements: 

B. Inspection:  Engage a qualified inspection agency to perform the following field quality-control 

inspections, after installing insulation materials, jackets, and finishes, to determine compliance 

with requirements: 
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C. Inspection:  Perform the following field quality-control inspections, after installing insulation 

materials, jackets, and finishes, to determine compliance with requirements: 

1. Inspect pumps and tanks randomly selected by Architect. 

2. Remove insulation and covers from two chilled-water pumps or one percent of chilled-

water pumps, whichever is greater. 

3. Remove insulation and covers from two small tanks or one percent of small tanks, 

whichever is greater. 

D. Insulation applications will be considered defective if sample inspection reveals noncompliance 

with requirements.  Remove defective Work and replace with new materials according to these 

Specifications. 

E. Reinstall insulation and covers on pumps and tanks uncovered for inspection according to these 

Specifications. 

3.8 EQUIPMENT APPLICATIONS 

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

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

Section. 

3.9 INTERIOR TANK AND VESSEL INSULATION APPLICATION SCHEDULE 

A. Equipment:  Chilled-water air separators. 

1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C). 

2. Insulation Material:  Cellular glass, with jacket. 

3. Insulation Thickness:  1-1/2”. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  Yes. 

6. Finish:  None. 

B. Equipment:  Domestic hot-water storage tanks, not factory insulated. 

1. Operating Temperature:  55 to 140 deg F (13 to 60 deg C). 

2. Insulation Material:  Mineral fiber. 

3. Insulation Thickness:  1-1/2”. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  No. 
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6. Finish:  None. 

C. Equipment:  Heating hot-water air separators. 

1. Operating Temperature:  100 to 200 deg F (38 to 93 deg C). 

2. Insulation Material:  Mineral fiber. 

3. Insulation Thickness:  1-1/2”. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  No. 

6. Finish:  None. 

D. Equipment:  Heating hot-water heat exchangers and steam-to-water converters. 

1. Operating Temperature:  100 to 450 deg F (38 to 232 deg C). 

2. Insulation Material:  Calcium silicate. 

3. Insulation Thickness:  2”. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  No. 

6. Finish:  None. 

E. Equipment:  Heating hot-water heat exchangers, steam-to-water converters, and deaerators. 

1. Operating Temperature:  100 to 450 deg F (38 to 232 deg C). 

2. Insulation Material:  Calcium silicate. 

3. Insulation Thickness:  2”. 

4. Field-Applied Jacket:  Aluminum. 

a. Aluminum Thickness:  0.032 inch (0.8 mm). 

b. Corrugation Dimension:  1-1/4 by 1/4 inch (32 by 6 mm). 

5. Vapor Retarder Required:  No. 

6. Finish:  None. 

END OF SECTION 15082 



ROWAN COUNTY JUSTICE CENTER  OCTOBER 2018 

AIR HANDLER REPLACEMENT PROJECT 
  

 

Pipe Insulation 15083 - page 1 

 

SECTION-15083                                                                                                                                            

PIPE INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes preformed, rigid and flexible pipe insulation; insulating cements; field-

applied jackets; accessories and attachments; and sealing compounds. 

B. Related Sections include the following: 

1. Division 15 Section "Duct Insulation" for insulation for ducts and plenums. 

2. Division 15 Section "Hangers and Supports" for pipe insulation shields and protection 

saddles. 

1.3 SUBMITTALS 

A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field ap-

plied, if any), for each type of product indicated. 

B. Shop Drawings:  Show fabrication and installation details for the following: 

1. Application of protective shields, saddles, and inserts at pipe hangers for each type of in-

sulation and hanger. 

2. Insulation application at elbows, fittings, flanges, valves, and specialties for each type of 

insulation. 

3. Removable insulation at piping specialties and equipment connections. 

4. Application of field-applied jackets. 

C. Material Test Reports:  From a qualified testing agency acceptable to authorities having juris-

diction indicating, interpreting, and certifying test results for compliance of insulation materials, 

sealers, attachments, cements, and jackets with requirements indicated.  Include dates of tests. 

D. Installer Certificates:  Signed by the Contractor certifying that installers comply with require-

ments. 

1.4 QUALITY ASSURANCE 
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A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 

program or another craft training program certified by the U.S. Department of Labor, Bureau of 

Apprenticeship and Training. 

B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those speci-

fied in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to 

authorities having jurisdiction.  Factory label insulation and jacket materials and sealer and ce-

ment material containers with appropriate markings of applicable testing and inspecting agency. 

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

ing of 50 or less. 

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

rating of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate 

ASTM specification designation, type and grade, and maximum use temperature. 

1.6 COORDINATION 

A. Coordinate size and location of supports, hangers, and insulation shields specified in Divi-

sion 15 Section "Hangers and Supports." 

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

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

1.7 SCHEDULING 

A. Schedule insulation application after testing piping systems and, where required, after installing 

and testing heat-trace tape.  Insulation application may begin on segments of piping that have 

satisfactory test results. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

lowing: 

1. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 

b. Knauf FiberGlass GmbH. 

c. Owens-Corning Fiberglas Corp. 
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d. Schuller International, Inc. 

2. Flexible Elastomeric Thermal Insulation: ( use for refrigerant piping only) 

a. Armstrong World Industries, Inc. 

b. Rubatex Corp. 

2.2 INSULATION MATERIALS 

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

following: 

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

purpose, vapor-retarder jacket. 

2. Blanket Insulation:  Comply with ASTM C 553, Type II, without facing. 

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

grades: 

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

for sealing edges of glass-fiber insulation, and for bonding lagging cloth to unfaced 

glass-fiber insulation. 

b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces. 

4. Vapor-Retarder Mastics:  Fire- and water-resistant, vapor-retarder mastic for indoor ap-

plications.  Comply with MIL-C-19565C, Type II. 

5. Mineral-Fiber Insulating Cements:  Comply with ASTM C 195. 

6. Expanded or Exfoliated Vermiculite Insulating Cements:  Comply with ASTM C 196. 

7. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with 

ASTM C 449/C 449M. 

B. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  

Comply with ASTM C 534, Type I for tubular materials and Type II for sheet materials. 

1. Adhesive:  As recommended by insulation material manufacturer. 

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

2.3 ACCESSORIES AND ATTACHMENTS 

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  

Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m). 

1. Tape Width:  4 inches (100 mm). 

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket: 

1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch (0.5 mm) thick. 

C. Wire:  0.062-inch (1.6-mm), soft-annealed, stainless steel. 



ROWAN COUNTY JUSTICE CENTER  OCTOBER 2018 

AIR HANDLER REPLACEMENT PROJECT 
  

 

Pipe Insulation 15083 - page 4 

 

2.4 VAPOR RETARDERS 

A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with 

insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation and other 

conditions affecting performance of insulation application. 

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

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry pipe and fitting surfaces.  Remove materials that will ad-

versely affect insulation application. 

3.3 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written in-

structions; with smooth, straight, and even surfaces; free of voids throughout the length of pip-

ing, including fittings, valves, and specialties. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses re-

quired for each piping system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use accesso-

ries that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state. 

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

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

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

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

tarder. 

H. Keep insulation materials dry during application and finishing. 

I. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with ad-

hesive recommended by the insulation material manufacturer. 

J. Apply insulation with the least number of joints practical. 
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K. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-

retarder integrity, unless otherwise indicated.  Refer to special instructions for applying insula-

tion over fittings, valves, and specialties. 

L. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at 

hangers, supports, anchors, and other projections with vapor-retarder mastic. 

1. Apply insulation continuously through hangers and around anchor attachments. 

2. For insulation application where vapor retarders are indicated, extend insulation on an-

chor legs at least 12 inches (300 mm) from point of attachment to pipe and taper insula-

tion ends.  Seal tapered ends with a compound recommended by the insulation material 

manufacturer to maintain vapor retarder. 

3. Install insert materials and apply insulation to tightly join the insert.  Seal insulation to in-

sulation inserts with adhesive or sealing compound recommended by the insulation mate-

rial manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 

jacket, arranged to protect the jacket from tear or puncture by the hanger, support, and 

shield. 

M. Insulation Terminations:  For insulation application where vapor retarders are indicated, taper 

insulation ends.  Seal tapered ends with a compound recommended by the insulation material 

manufacturer to maintain vapor retarder. 

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

O. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 

2. Circumferential Joints:  Cover with 3-inch- (75-mm-) wide strips, of same material as in-

sulation jacket.  Secure strips with adhesive and outward clinching staples along both 

edges of strip and spaced 4 inches (100 mm) o.c. 

3. Longitudinal Seams:  Overlap jacket seams at least 1-1/2 inches (40 mm).  Apply insula-

tion with longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-

sealing lap.  Staple laps with outward clinching staples along edge at 4 inches (100 mm) 

o.c. 

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

4. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and 

joints and at ends adjacent to flanges, unions, valves, and fittings. 

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

vapor-retarder mastic. 

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

flashing. 

1. Seal penetrations with vapor-retarder mastic. 

2. Apply insulation for exterior applications tightly joined to interior insulation ends. 

3. Extend metal jacket of exterior insulation outside roof flashing at least 2 inches (50 mm) 

below top of roof flashing. 

4. Seal metal jacket to roof flashing with vapor-retarder mastic. 
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Q. Exterior Wall Penetrations:  For penetrations of below-grade exterior walls, terminate insulation 

flush with mechanical sleeve seal.  Seal terminations with vapor-retarder mastic. 

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

floors. 

S. Floor Penetrations:  Apply insulation continuously through floor assembly. 

1. For insulation with vapor retarders, seal insulation with vapor-retarder mastic where floor 

supports penetrate vapor retarder. 

3.4 MINERAL-FIBER INSULATION APPLICATION 

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

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

deforming insulation materials. 

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

retarder mastic.  Apply vapor retarder to ends of insulation at intervals of 15 to 20 feet 

(4.5 to 6 m) to form a vapor retarder between pipe insulation segments. 

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

inches (150 mm) o.c. 

4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal 

tabs but secure tabs with additional adhesive as recommended by the insulation material 

manufacturer and seal with vapor-retarder mastic. 

B. Apply insulation to flanges as follows: 

1. Apply preformed pipe insulation to outer diameter of pipe flange. 

2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation. 

4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping 

seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic. 

C. Apply insulation to fittings and elbows as follows: 

1. Apply premolded insulation sections of the same material as straight segments of pipe in-

sulation when available.  Secure according to manufacturer's written instructions. 

2. When premolded insulation elbows and fittings are not available, apply mitered sections 

of pipe insulation, or glass-fiber blanket insulation, to a thickness equal to adjoining pipe 

insulation.  Secure insulation materials with wire, tape, or bands. 

3. Cover fittings with standard PVC fitting covers. 

4. Cover fittings with heavy PVC fitting covers.  Overlap PVC covers on pipe insulation 

jackets at least 1 inch (25 mm) at each end.  Secure fitting covers with manufacturer's at-

tachments and accessories.  Seal seams with tape and vapor-retarder mastic. 

3.5 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION 
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A. Apply insulation to straight pipes and tubes as follows: 

1. Follow manufacturer's written instructions for applying insulation. 

2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive.  Ce-

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

B. Apply insulation to flanges as follows: 

1. Apply pipe insulation to outer diameter of pipe flange. 

2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer circumference of 

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

as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive.  

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

C. Apply insulation to fittings and elbows as follows: 

1. Apply mitered sections of pipe insulation. 

2. Secure insulation materials and seal seams with manufacturer's recommended adhesive.  

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

D. Apply insulation to valves and specialties as follows: 

1. Apply preformed valve covers manufactured of the same material as pipe insulation and 

attached according to the manufacturer's written instructions. 

2. Apply cut segments of pipe and sheet insulation to valve body.  Arrange insulation to 

permit access to packing and to allow valve operation without disturbing insulation.  For 

check valves, fabricate removable sections of insulation arranged to allow access to 

stainer basket. 

3. Apply insulation to flanges as specified for flange insulation application. 

4. Secure insulation to valves and specialties and seal seams with manufacturer's recom-

mended adhesive.  Cement to avoid openings in insulation that will allow passage of air 

to the pipe surface. 

3.6 PIPING SYSTEM APPLICATIONS 

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

B. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following sys-

tems, materials, and equipment: 

1. Flexible connectors. 

2. Vibration-control devices. 

3. Fire-suppression piping. 

4. Drainage piping located in crawl spaces, unless otherwise indicated. 

5. Below-grade piping, unless otherwise indicated. 

6. Chrome-plated pipes and fittings, unless potential for personnel injury. 

7. Air chambers, unions, strainers, check valves, plug valves, and flow regulators. 
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3.7 FIELD QUALITY CONTROL 

A. Inspection:  Owner will engage a qualified inspection agency to perform the following field 

quality-control inspections, after installing insulation materials, jackets, and finishes, to deter-

mine compliance with requirements: 

B. Inspection:  Perform the following field quality-control inspections, after installing insulation 

materials, jackets, and finishes, to determine compliance with requirements: 

1. Inspect fittings and valves randomly selected by Architect. 

2. Remove fitting covers from 20 elbows or 1 percent of elbows, whichever is less, for vari-

ous pipe sizes. 

3. Remove fitting covers from 20 valves or 1 percent of valves, whichever is less, for vari-

ous pipe sizes. 

C. Insulation applications will be considered defective if sample inspection reveals noncompliance 

with requirements.  Remove defective Work and replace with new materials according to these 

Specifications. 

D. Reinstall insulation and covers on fittings and valves uncovered for inspection according to 

these Specifications. 

3.8 INSULATION APPLICATION SCHEDULE, GENERAL 

A. Refer to insulation application schedules for required insulation materials, vapor retarders, and 

field-applied jackets. 

B. Application schedules identify piping system and indicate pipe size ranges and material, thick-

ness, and jacket requirements. 

3.9 INTERIOR INSULATION APPLICATION SCHEDULE 

A. Service: Domestic and Heating Hot water supply and return piping. 

1. Operating Temperature:  60 to 180 deg F (15 to 82 deg C). 

2. Insulation Material:  Mineral fiber. 

3. Field-Applied Jacket:  None. 

4. Vapor Retarder Required:  No. 

5. Finish:  None. 

6. Insulation Thickness:  Apply the following insulation thicknesses: 

a. Copper Pipe,  3/4” to 1-1/2”: 1” (Domestic hot water or heating hot water) 

b. Copper Pipe, 2” to 4”: 1-1/2” (Domestic hot water or heating hot water) 

c. Steel Pipe, 3/4” to 1-1/2”:  

d. Steel Pipe, 2” to 4”:  1-1/2” 

 

B. Service:  Condensate drain piping. 
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1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C). 

2. Insulation Material:  Flexible elastomeric. 

3. Insulation Thickness:  1” 

4. Field-Applied Jacket:  None. 

5. Vapor Retarder Required:  Yes. 

6. Finish:  None. 

C. Service:  Refrigerant suction. 

1. Operating Temperature:  35 to 50 deg F (2 to 10 deg C). 

2. Insulation Material:  Flexible elastomeric. 

3. Insulation Thickness:  Apply the following insulation thicknesses: 

a. Copper Pipe, 3/8” To 5/8”:  1” 

b. Copper Pipe, 7/8” To 1-3/8”: 1-1/2” 

c. Copper Pipe, 1-5/8” To 2-1/8”: 2” 

4. Field-Applied Jacket:  None. 

5. Vapor Retarder Required:  Yes. 

6. Finish:  None. 

D. Domestic Cold Water:  With preformed fittings. 

1. Field-Applied Jacket: None. 

2. Vapor Retarder Required:  Yes. 

3. Finish None. 

4. 1/2” to 1-1/2” : 1” 

5. 2” to 4” : 1-1/2” 

E. Service:  Chilled-water supply and return. 

1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C). 

2. Insulation Material:  Mineral fiber  

3. Insulation Thickness:  Apply the following insulation thicknesses: 

a. Steel Pipe, 3/4” to 1-1/2”:  1-1/2” 

b. Steel Pipe, 2” to 4”:  1-1/2” 

4. Field-Applied Jacket:  None  

5. Vapor Retarder Required:  Yes. 

6. Finish None. 

 

END OF SECTION 15083 
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SECTION 15105                                                                                                                                       

HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes piping systems for hot water heating and condensate drain piping.  Piping 

materials and equipment specified in this Section include the following: 

1. Pipes, fittings, and specialties. 

2. Special-duty valves. 

3. Hydronic specialties. 

B. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 7 Section "Firestopping" for materials and methods for sealing pipe penetrations 

through fire and smoke barriers. 

2. Division 7 Section "Joint Sealants" for materials and methods for sealing pipe penetra-

tions through exterior walls. 

3. Division 15 Section "Basic Mechanical Materials and Methods" for general piping mate-

rials and installation methods. 

4. Division 15 Section "Valves" for globe, ball, butterfly, and check valves. 

5. Division 15 Section "Meters and Gages" for thermometers, flow meters, and pressure 

gages. 

6. Division 15 Section "Hangers and Supports" for pipe supports. 

7. Division 15 Section "Mechanical Identification" for labeling and identifying hydronic 

systems. 

8. Division 15 Section "HVAC Pumps" for pumps, motors, and accessories for hydronic 

systems. 

9. Division 15 Section "Control Systems Equipment" for temperature-control valves and 

sensors. 

10. Division 15 Section "Testing, Adjusting, and Balancing" for hydronic system adjusting 

and balancing. 

1.3 SYSTEM DESCRIPTION 

A. Hot Water System:  The hot water supply and return piping is extended from the existing piping 

for the existing closed loop and existing boiler to hot water reheat coils in the RTUs as indicat-

ed.  Circulation is accomplished by new hot water pump for the new system.  Design flow rates 

and water temperatures are specified in the various equipment specifications and schedules.  
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Control sequences and temperature-reset schedules are specified in temperature-control specifi-

cations. 

1.4 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and Divi-

sion 1 Specification Sections. 

B. Product Data including rated capacities of selected models, weights (shipping, installed, and op-

erating), furnished specialties, accessories, and installation instructions for each hydronic spe-

cialty and special-duty valve specified. 

1. Submit flow and pressure drop curves for diverting fittings and calibrated plug valves, 

based on manufacturer's testing. 

C. Shop Drawings detailing pipe anchors, special pipe support assemblies, alignment guides, and 

expansion joints and loops. 

D. Field test reports indicating and interpreting test results for compliance with performance re-

quirements specified in Part 3 of this Section. 

E. Maintenance data for hydronic specialties and special-duty valves to include in the operation 

and maintenance manual specified in Division 1. 

1.5 QUALITY ASSURANCE 

A. ASME Compliance:  Comply with the following provisions: 

1. ASME B31.9, "Building Services Piping," for materials, products, and installation.  Safe-

ty valves and pressure vessels shall bear the appropriate ASME label. 

2. Fabricate and stamp air separators and compression tanks to comply with ASME Boiler 

and Pressure Vessel Code, Section VIII, Division 1. 

3. Welding Standards:  Qualify welding processes and operators according to ASME Boiler 

and Pressure Vessel Code, Section IX, "Welding and Brazing Qualifications." 

1.6 COORDINATION 

A. Coordinate layout and installation of piping with equipment and with other installations. 

B. Coordinate pipe sleeve installation for foundation wall penetrations. 

C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  Roof special-

ties are specified in Division 7 Sections. 

D. Coordinate pipe fitting pressure classes with products specified in related Sections. 
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E. Coordinate installation of pipe sleeves for penetrations in exterior walls and floor assemblies.  

Coordinate with requirements for firestopping specified in Division 7 Section "Firestopping" for 

fire and smoke wall and floor assemblies. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

lowing: 

1. Calibrated Plug Valves: 

a. Armstrong Pumps, Inc. 

b. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

c. Taco, Inc. 

2. Pressure-Reducing Valves: 

a. Armstrong Pumps, Inc. 

b. ITT Hoffman; ITT Fluid Handling Div. 

3. Safety Relief Valves: 

a. Armstrong Pumps, Inc. 

b. Conbraco Industries, Inc. 

c. ITT Fluid Technology Corp.; ITT McDonnell & Miller. 

4. Compression Tanks: 

a. Armstrong Pumps, Inc. 

b. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

c. Taco, Inc. 

d. Patterson 

5. Diaphragm-Type Compression Tanks: 

a. Armstrong Pumps, Inc. 

b. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

c. Patterson 

6. Air Separators: 

a. Armstrong Pumps, Inc. 

b. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

c. Taco, Inc. 

d. Patterson 

e. Spirotherm 

2.2 PIPE AND TUBING MATERIALS 

A. General:  Refer to Part 3 "Pipe Applications" Article for identifying where the following mate-

rials are used. 
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B. Drawn-Temper Copper Tubing:  ASTM B 88, Type L (ASTM B 88M, Type B). 

C. Steel Pipe, 2-Inch NPS (DN50) and Smaller:  ASTM A 53, Type S (seamless), Grade A, Sched-

ule 40, plain ends. 

D. Steel Pipe, 2-1/2- to 12-Inch NPS (DN65 to DN300):  ASTM A 53, Type E (electric-resistance 

welded), Grade A, Schedule 40, plain ends. 

1. Steel Pipe Nipples:  ASTM A 733, made of ASTM A 53, Schedule 40, carbon steel, 

seamless for 2-inch NPS (DN50) and smaller and electric-resistance welded for 2-1/2-

inch NPS (DN65) and larger. 

2.3 FITTINGS 

A. Wrought-Copper Fittings:  ASME B16.22. 

B. Wrought-Copper Unions:  ASME B16.22. 

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300. 

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300. 

E. Wrought-Steel Fittings:  ASTM A 234 (ASTM A 234M), Standard Weight. 

F. Wrought-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets 

of the following material group, end connections, and facings: 

1. Material Group:  1.1. 

2. End Connections:  Butt welding. 

3. Facings:  Raised face. 

G. Flexible Connectors:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing 

protective jacket; 150-psig (1035-kPa) minimum working pressure, 250 deg F (121 deg C) max-

imum operating temperature.  Connectors shall have flanged or threaded end connections to 

match equipment connected and shall be capable of 3/4-inch (20-mm) misalignment. 

2.4 JOINING MATERIALS 

A. Solder Filler Metals:  ASTM B 32, 95-5 tin antimony. 

B. Brazing Filler Metals:  AWS A5.8, Classification BAg 1 (silver). 

C. Welding Materials:  Comply with Section II, Part C of ASME Boiler and Pressure Vessel Code 

for welding materials appropriate for wall thickness and for chemical analysis of pipe being 

welded. 

D. Gasket Material:  Thickness, material, and type suitable for fluid to be handled; and design tem-

peratures and pressures. 
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2.5 VALVES 

A. Globe, check, ball, and butterfly valves are specified in Division 15 Section "Valves." 

B. Refer to Part 3 "Valve Applications" Article for specific uses and applications for each valve 

specified. 

C. Calibrated Plug Valves:  125-psig (860-kPa) working pressure, 250 deg F (121 deg C) maxi-

mum operating temperature, bronze body, plug valve with calibrated orifice.  Provide with con-

nections for portable differential pressure meter with integral check valves and seals.  Valve 

shall have integral pointer and calibrated scale to register degree of valve opening.  Valves 2-

inch NPS (DN50) and smaller shall have threaded connections and 2-1/2-inch NPS (DN65) 

valves shall have flanged connections. 

D. Pressure-Reducing Valves:  Diaphragm-operated, cast-iron or brass body valve, with low inlet 

pressure check valve, inlet strainer removable without system shutdown, and noncorrosive 

valve seat and stem.  Select valve size, capacity, and operating pressure to suit system.  Valve 

shall be factory set at operating pressure and have capability for field adjustment. 

E. Safety Relief Valves:  Brass or bronze body with brass and rubber, wetted, internal working 

parts; to suit system pressure and heat capacity; according to ASME Boiler and Pressure Vessel 

Code, Section IV. 

2.6 HYDRONIC SPECIALTIES 

A. Manual Air Vent:  Bronze body  ¾ inch NPS (DN20) ball valve with pipe nipple and at all high 

points and traps in piping systems. 

B. Chemical Feeder:  (As indicated on drawings). 

C. Y-Pattern Strainers:  125-psig (860-kPa) working pressure; cast-iron body (ASTM A 126, 

Class B), flanged ends for 2-1/2-inch NPS (DN65) and larger, threaded connections for 2-inch 

NPS (DN50) and smaller, bolted cover, perforated Type 304 stainless-steel basket, and bottom 

drain connection. All water strainers shall have a ball valve with a hose connection installed for 

blow-down. 

D. Basket Strainers:  125-psig (860-kPa) working pressure; high-tensile cast-iron body 

(ASTM A 126, Class B), flanged end connections, bolted cover, perforated Type 304 stainless-

steel basket, and bottom drain connection. 

PART 3 - EXECUTION 

3.1 PIPE APPLICATIONS 

A. Hot Water, 2-Inch NPS (DN50) and Smaller:  Aboveground, use Type L (Type B) drawn-

temper copper tubing with soldered joints or steel pipe with threaded joints.  
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B. Hot Water, 2-1/2 Inch NPS (DN50) and Larger:  Aboveground, use schedule 40 A-53 steel pipe 

with weld joints. 

C. Condensate Drain Lines:  Type L (Type B) drawn-temper copper tubing with soldered joints. 

3.2 VALVE APPLICATIONS 

A. General-Duty Valve Applications:  Unless otherwise indicated, use the following valve types: 

1. Shutoff Duty:  Use ball, and butterfly valves. 

2. Throttling Duty:  Use globe, ball, and butterfly valves. 

B. Install shutoff-duty valves at each branch connection to supply mains, at supply connections to 

each piece of equipment, and elsewhere as indicated. 

C. Install throttling-duty valves at each branch connection to return mains, at return connections to 

each piece of equipment, and elsewhere as indicated. 

D. Install calibrated plug valves on the outlet of each heating or cooling element and elsewhere as 

required to facilitate system balancing. 

E. Install drain valves at low points in mains, risers, branch lines, and elsewhere as required for 

system drainage. 

F. Install check valves on each pump discharge and elsewhere as required to control flow direc-

tion. 

G. Install safety relief valves on hot water generators and elsewhere as required by ASME Boiler 

and Pressure Vessel Code.  Pipe discharge to floor without valves.  Comply with ASME Boiler 

and Pressure Vessel Code, Section VIII, Division 1, for installation requirements. 

H. Install pressure-reducing valves on hot water generators and elsewhere as required to regulate 

system pressure. 

3.3 PIPING INSTALLATIONS 

A. Install piping according to Division 15 Section "Basic Mechanical Materials and Methods." 

B. Locate groups of pipes parallel to each other, spaced to permit applying insulation and servicing 

of valves. 

C. Install drains at low points in mains, risers, and branch lines consisting of a tee fitting, 3/4-inch 

NPS (DN20) ball valve, and short 3/4-inch NPS (DN20) threaded nipple and cap. 

D. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

E. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 
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F. Install branch connections to mains using tee fittings in main with takeoff out bottom of main, 

except for up-feed risers with takeoff out top of main line. 

G. Install unions in pipes 2-inch NPS (DN50) and smaller, adjacent to each valve, at final connec-

tions of each piece of equipment, and elsewhere as indicated.  Unions are not required at 

flanged connections. 

H. Install flanges on valves, apparatus, and equipment having 2-1/2-inch NPS (DN65) and larger 

connections. 

I. Install flexible connectors at inlet and discharge connections to pumps (except in-line pumps) 

and other vibration-producing equipment. 

J. Install strainers on supply side of each control valve, pressure-reducing valve, pressure-

regulating valve, solenoid valve, in-line pump, and elsewhere as indicated.  Install 3/4-inch NPS 

(DN20) nipple and ball valve with hose connection in blow-down connection of strainers 1-1/2-

inch NPS (DN37) and larger. 

K. Anchor piping to ensure proper direction of expansion and contraction. 

3.4 HANGERS AND SUPPORTS 

A. General:  Hanger, support, and anchor devices are specified in Division 15 Section "Hangers 

and Supports."  Conform to requirements below for maximum spacing of supports. 

B. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal runs less than 20 feet (6 m) in 

length. 

2. Adjustable roller hangers for individual horizontal runs 20 feet (6 m) or longer. 

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal runs 20 feet (6 m) or longer, 

supported on a trapeze. 

4. Spring hangers to support vertical runs. 

C. Install hangers for steel piping with the following minimum rod sizes and maximum spacing: 

1. 3/4-Inch NPS (DN20):  Maximum span, 7 feet (2.1 m); minimum rod size, 3/8 inch (10 

mm). 

2. 1-Inch NPS (DN25):  Maximum span, 7 feet (2.1 m); minimum rod size, 3/8 inch (10 

mm). 

3. 1-1/2-Inch NPS (DN40):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 

mm). 

4. 2-Inch NPS (DN50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 

mm). 

5. 2-1/2-Inch NPS (DN65):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch 

(10 mm). 

6. 3-Inch NPS (DN80):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 

mm). 
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7. 4-Inch NPS (DN100):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 

mm). 

8. 6-Inch NPS (DN150):  Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 

mm). 

9. 8-Inch NPS (DN200):  Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch (16 

mm). 

10. 10-Inch NPS (DN250):  Maximum span, 20 feet (6.1 m); minimum rod size, 3/4 inch (19 

mm). 

11. 12-Inch NPS (DN300):  Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch (22 

mm). 

D. Install hangers for drawn-temper copper piping with the following minimum rod sizes and max-

imum spacing: 

1. 3/4-Inch NPS (DN20):  Maximum span, 5 feet (1.5 m); minimum rod size, 3/8 inch (10 

mm). 

2. 1-Inch NPS (DN25):  Maximum span, 7 feet (2.1 m); minimum rod size, 3/8 inch (10 

mm). 

3. 1-1/2-Inch NPS (DN40):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 

mm). 

4. 2-Inch NPS (DN50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 

mm). 

5. 2-1/2-Inch NPS (DN65):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch 

(10 mm). 

6. 3-Inch NPS (DN80):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 

mm). 

E. Support vertical runs at each floor. 

3.5 PIPE JOINT CONSTRUCTION 

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

requirements for soldered and brazed joints in copper tubing; threaded, welded, and flanged 

joints in steel piping. 

B. Mechanical Joints:  Assemble joints according to fitting manufacturer's written instructions. 

3.6 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in system, at heat-transfer coils, and elsewhere as re-

quired for system air venting. 

3.7 TERMINAL EQUIPMENT CONNECTIONS 

A. Piping size for supply and return shall be same size as equipment connections or as indicated on 

drawings. 
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B. Install control valves in accessible locations close to equipment. 

3.8 FIELD QUALITY CONTROL 

A. Testing Preparation:  Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during test. 

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure.  If temporary restraints are impractical, isolate expansion joints from testing. 

3. Flush system with clean water.  Clean strainers. 

4. Isolate equipment that is not subjected to test pressure from piping.  If a valve is used to 

isolate equipment, its closure shall be capable of sealing against test pressure without 

damage to valve.  Flanged joints where blinds are inserted to isolate equipment need not 

be tested. 

5. Install relief valve set at a pressure no more than one-third higher than test pressure, to 

protect against damage by expanding liquid or other source of overpressure during test. 

B. Testing:  Test hydronic piping as follows: 

1. Use ambient temperature water as testing medium, except where there is risk of damage 

due to freezing.  Another liquid may be used if it is safe for workers and compatible with 

piping system components. 

2. Use vents installed at the high points of system to release trapped air while filling system.  

Use drains installed at low points for complete removal of liquid. 

3. Examine system to see that equipment and parts that cannot withstand test pressures are 

properly isolated.  Examine test equipment to ensure that it is tight and that low-pressure 

filling lines are disconnected. 

4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the design 

pressure.  Test pressure shall not exceed maximum pressure for any vessel, pump, valve, 

or other component in system under test.  Check to verify that stress due to pressure at 

bottom of vertical runs does not exceed either 90 percent of specified minimum yield 

strength or 1.7 times "SE" value in Appendix A of ASME B31.9, Code for Pressure Pip-

ing, "Building Services Piping." 

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 

joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing 

components as appropriate, and repeat hydrostatic test until there are no leaks. 

6. Prepare written report of testing. 

3.9 ADJUSTING AND CLEANING 

A. After completing system installation, including outlet fittings and devices, inspect finish.  Re-

move burrs, dirt, and construction debris, and repair damaged finishes including chips, scratch-

es, and abrasions. 

B. Flush hydronic piping systems with clean water.  Remove, clean, and replace strainer screens.  

After cleaning and flushing hydronic piping system, but before balancing, remove disposable 

fine-mesh strainers in pump suction diffusers. 
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C. Mark calibrated nameplates of pump discharge valves after hydronic system balancing has been 

completed, to permanently indicate final balanced position. 

D. Chemical Treatment:  Provide a water analysis prepared by chemical treatment supplier to de-

termine type and level of chemicals required to prevent scale and corrosion.  Perform initial 

treatment after completing system testing. 

3.10 COMMISSIONING 

A. Fill system and perform initial chemical treatment. 

B. Check expansion tanks to determine that they are not air bound and that system is completely 

full of water. 

C. Perform these steps before operating the system: 

1. Open valves to fully open position.  Close coil bypass valves. 

2. Check pump for proper direction of rotation. 

3. Set automatic fill valves for required system pressure. 

4. Check air vents at high points of systems and determine if all are installed and operating 

freely (automatic type) or bleed air completely (manual type). 

5. Set temperature controls so all coils are calling for full flow. 

6. Check operation of automatic bypass valves. 

7. Check and set operating temperatures of boilers and chillers to design requirements. 

8. Lubricate motors and bearings. 

END OF SECTION 23 21 13 
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SECTION 15122 - METERS AND GAGES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes meters and gages for mechanical systems and water meters installed out-

side the building. 

B. Related Sections include the following: 

1. Division 15 Section "Steam and Condensate Piping" for steam and condensate meters. 

2. Mechanical equipment Sections that specify meters and gages as part of factory-

fabricated equipment. 

1.3 SUBMITTALS 

A. Product Data:  Include scale range, ratings, and calibrated performance curves for each meter, 

gage, fitting, specialty, and accessory specified. 

B. Shop Drawings:  Include schedule indicating manufacturer's number, scale range, fittings, and 

location for each meter and gage. 

C. Product Certificates:  Signed by manufacturers of meters and gages certifying accuracies under 

specified operating conditions and compliance with specified requirements. 

D. Shop Drawings:  For brackets for duct-mounting thermometers. 

E. Maintenance Data:  For meters and gages to include in maintenance manuals specified in Divi-

sion 1.  Include data for the following: 

1. Flowmeters. 

2. Water meters. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 
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A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the fol-

lowing: 

1. Liquid-in-Glass Thermometers: 

a. Dresser Industries, Inc.; Instrument Div.; Weksler Instruments Operating Unit. 

b. Palmer Instruments, Inc. 

c. Trerice:  H. O. Trerice Co. 

d. Weiss Instruments, Inc. 

2. Pressure Gages: 

a. Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Operation. 

b. Dresser Industries, Inc.; Instrument Div.; Weksler Instruments Operating Unit. 

c. Trerice:  H. O. Trerice Co. 

d. Weiss Instruments, Inc. 

3. Test Plugs: 

a. Peterson Equipment Co., Inc. 

b. Sisco Manufacturing Co. 

4. Turbine Flowmeters: 

a. Bailey-Fischer & Porter Co. 

b. Baird Controls, Inc. 

c. George Fischer Signet, Inc. 

d. Onicon, Inc. 

5. Water Meters: 

a. ABB Water Meters, Inc. 

b. Badger Meter, Inc.; Industrial Div. (Milwaukee, WI). 

c. Grinnell Corp.; Mueller Co.; Hersey Products Div. 

d. Master Meter, Inc. 

e. Schlumberger Industries, Inc.; Water Div. 

2.2 THERMOMETERS, GENERAL 

A. Scale Range:  Temperature ranges for services listed are as follows: 

1. Domestic Hot Water:  30 to 240 deg F, with 2-degree scale divisions (0 to 115 deg C, 

with 1-degree scale divisions). 

2. Domestic Cold Water:  0 to 100 deg F, with 2-degree scale divisions (minus 18 to plus 38 

deg C, with 1-degree scale divisions). 

3. Hot Water:  30 to 300 deg F, with 2-degree scale divisions (0 to 150 deg C, with 1-degree 

scale divisions). 
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4. Condenser Water:  0 to 160 deg F, with 2-degree scale divisions (minus 18 to plus 70 

deg C, with 1-degree scale divisions). 

5. Chilled Water:  0 to 100 deg F, with 2-degree scale divisions (minus 18 to plus 38 deg C, 

with 1-degree scale divisions). 

6. Steam and Condensate:  50 to 400 deg F, with 5-degree scale divisions (10 to 205 deg C, 

with 3-degree scale divisions). 

2.3 LIQUID-IN-GLASS THERMOMETERS 

A. Description:  ASTM E 1. 

B. Case:  Die cast and aluminum finished in baked-epoxy enamel, glass front, spring secured, 9 

inches (230 mm) long. 

C. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-degree ad-

justment in horizontal plane, with locking device. 

D. Tube:  Red reading, organic-liquid filled with magnifying lens. 

E. Scale:  Satin-faced nonreflective aluminum with permanently etched markings. 

F. Stem:  Brass for separable socket; of length to suit installation. 

2.4 SEPARABLE SOCKETS 

A. Description:  Fitting with protective socket for installation in threaded pipe fitting to hold fixed 

thermometer stem. 

1. Material:  Brass, for use in copper piping. 

2. Material:  Stainless steel, for use in steel piping. 

3. Extension-Neck Length:  Nominal thickness of 2 inches (50 mm), but not less than thick-

ness of insulation.  Omit extension neck for sockets for piping not insulated. 

4. Insertion Length:  To extend to one-third of diameter of pipe. 

5. Cap:  Threaded, with chain permanently fastened to socket. 

6. Heat-Transfer Fluid:  Oil or graphite. 

2.5 THERMOMETER WELLS 

A. Description:  Fitting with protective well for installation in threaded pipe fitting to hold test 

thermometer. 

1. Material:  Brass, for use in copper piping. 

2. Material:  Stainless steel, for use in steel piping. 

3. Extension-Neck Length:  Nominal thickness of 2 inches (50 mm), but not less than thick-

ness of insulation.  Omit extension neck for wells for piping not insulated. 

4. Insertion Length:  To extend to one-third of diameter of pipe. 

5. Cap:  Threaded, with chain permanently fastened to socket. 

6. Heat-Transfer Fluid:  Oil. 
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2.6 PRESSURE GAGES 

A. Description:  ASME B40.1, phosphor-bronze bourdon-tube type with bottom connection; dry 

type, unless liquid-filled-case type is indicated. 

B. Case:  Drawn brass with 4-1/2-inch- (115-mm-) diameter, glass lens. 

C. Connector:  Brass, NPS 1/4 (DN8). 

D. Scale:  White-coated aluminum with permanently etched markings. 

E. Accuracy:  Grade A, plus or minus 1 percent of middle 50 percent of scale. 

F. Range:  Comply with the following: 

1. Vacuum:  30 inches Hg of vacuum to 15 psig of pressure (100 kPa of vacuum to 103 kPa 

of pressure). 

2. Fluids under Pressure:  Two times the operating pressure. 

2.7 PRESSURE-GAGE FITTINGS 

A. Valves:  NPS 1/4 (DN8) brass or stainless-steel needle type. 

B. Syphons:  NPS 1/4 (DN8) coil of brass tubing with threaded ends. 

2.8 TEST PLUGS 

A. Description:  Nickel-plated, brass-body test plug in NPS 1/2 (DN15) fitting. 

B. Body:  Length as required to extend beyond insulation. 

C. Pressure Rating:  500 psig (3450 kPa) minimum. 

D. Core Inserts:  Two self-sealing valves, suitable for inserting 1/8-inch (3-mm) OD probe from 

dial-type thermometer or pressure gage. 

E. Core Material for Air, Water, Oil, and Gas:  20 to 200 deg F (Minus 7 to plus 93 deg C), 

chlorosulfonated polyethylene synthetic rubber. 

F. Test-Plug Cap:  Gasketed and threaded cap, with retention chain or strap. 

G. Test Kit:  Pressure gage and adapter with probe, two bimetal dial thermometers, and carrying 

case. 

1. Pressure Gage and Thermometer Ranges:  Approximately two times the system's operat-

ing conditions. 

2.9 TURBINE FLOWMETERS (Onicon Model F-1201) 
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A. Description:  Insertion type; measures flow with Analog output. 

1. Construction:  316 stainless-steel body and turbine or impeller. 

2. Pressure Rating:  400 psig (2760 kPa) minimum. 

3. Temperature Rating:  200 deg F (110 deg C) minimum. 

4. Supply Voltage:  24 VDC. 

5. Analog Output:  DC  Linearity: 0.1% of span, Current output: 4-20 mA. 

6. Accuracy:  Plus or minus 2 percent. 

2.10 WATER METERS 

A. Description:  AWWA C700, displacement type, bronze case.  Registers flow in gallons (liters) 

or cubic feet (cubic meters) as required. 

B. Description:  AWWA C701, turbine type.  Registers flow in gallons (liters) or cubic feet (cu-

bic meters) as required. 

PART 3 - EXECUTION 

3.1 METER AND GAGE INSTALLATION, GENERAL 

A. Install meters, gages, and accessories according to manufacturer's written instructions for appli-

cations where used. 

3.2 THERMOMETER INSTALLATION 

A. Install thermometers and adjust vertical and tilted positions. 

B. Install in the following locations: 

1. Inlet and outlet of each hydronic zone. 

2. Inlet and outlet of each chiller. 

3. Inlet and outlet of each hydronic coil in air-handling units and built-up central systems. 

4. Inlet and outlet of each hydronic heat exchanger. 

C. Install separable sockets in vertical position in piping tees where fixed thermometers are indi-

cated. 

1. Install with socket extending to one-third of diameter of pipe. 

2. Fill sockets with oil and secure caps. 

3.3 PRESSURE-GAGE INSTALLATION 

A. Install pressure gages in piping tees with pressure-gage valve located on pipe at most readable 

position. 

B. Install dry-type pressure gages in the following locations: 
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1. Discharge of each pressure-reducing valve. 

2. Chilled-water and condenser-water inlets and outlets of chillers. 

C. Install liquid-filled-type pressure gages at suction and discharge of each pump. 

D. Install pressure-gage needle valve and snubber in piping to pressure gages. 

1. Exception:  Install syphon instead of snubber in piping to steam pressure gages. 

3.4 FLOWMETER INSTALLATION 

A. Install flowmeters and components according to manufacturer's written instructions. 

3.5 WATER METER INSTALLATION 

A. Install water meters, piping, and specialties according to AWWA M6. 

1. Install displacement-type water meters with shutoff valve on water meter inlet.  Install 

valve on water meter outlet and valved bypass around meter. 

2. Install compound-type water meters with shutoff valves on water meter inlet and outlet 

and on valved bypass around meter.   

3.6 ROUGHING-IN FOR WATER METERS 

A. Install roughing-in piping and specialties for water meter installation according to utility's in-

structions and requirements. 

3.7 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 

general arrangement of piping and specialties.  The following are specific connection require-

ments: 

1. Install meters and gages adjacent to machines and equipment to allow service and 

maintenance. 

2. Connect flowmeter transmitters to BAS. 

B. Make electrical connections to power supply and electrically operated meters and devices. 

C. Ground electrically operated meters. 

1. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified 

in UL 486A and UL 486B. 

D. Install electrical connections for power and devices. 
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E. Electrical power, wiring, and connections are specified in Division 16 Sections. 

3.8 ADJUSTING AND CLEANING 

A. Calibrate meters according to manufacturer's written instructions, after installation. 

B. Adjust faces of meters and gages to proper angle for best visibility. 

C. Clean windows of meters and gages and clean factory-finished surfaces.  Replace cracked and 

broken windows, and repair scratched and marred surfaces with manufacturer's touchup paint. 

END OF SECTION 15122 
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SECTION 15170 - MOTORS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes basic requirements for factory-installed and field-installed motors. 

B. Related Sections include the following: 

1. Division 15 Sections for application of motors and reference to specific motor require-

ments for motor-driven equipment. 

1.3 SUBMITTALS 

A. Product Data:  Show nameplate data and ratings; characteristics; mounting arrangements; size 

and location of winding termination lugs, conduit entry, and grounding lug; and coatings. 

1.4 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

B. Listing and Labeling:  Provide motors specified in this Section that are listed and labeled. 

1. Terms "Listed and Labeled":  As defined in the National Electrical Code, Article 100. 

2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing Labora-

tory" as defined in OSHA Regulation 1910.7. 

PART 2 - PRODUCTS 

2.1 BASIC MOTOR REQUIREMENTS 

A. Basic requirements apply to mechanical equipment motors, unless otherwise indicated. 

B. Motors 1/2 HP and Larger:  Polyphase. 

C. Motors Smaller than 1/2 HP:  Single phase. 

D. Frequency Rating:  60 Hz. 
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E. Voltage Rating:  Determined by voltage of circuit to which motor is connected. 

F. Service Factor:  According to NEMA MG 1, unless otherwise indicated. 

G. Capacity and Torque Characteristics:  Rated for continuous duty and sufficient to start, acceler-

ate, and operate connected loads at designated speeds, in indicated environment, with indicated 

operating sequence, and without exceeding nameplate ratings or considering service factor. 

H. Enclosure:  Open dripproof, unless otherwise indicated. 

2.2 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, medium induction motor. 

1. Design Characteristics:  NEMA MG 1, Design B, unless otherwise indicated. 

2. Energy-Efficient Design: EEIE-1 

3. Stator:  Copper windings, unless otherwise indicated.  Multispeed motors have separate 

winding for each speed. 

4. Rotor:  Squirrel cage, unless otherwise indicated. 

5. Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and thrust load-

ing. 

6. Temperature Rise:  Match insulation rating, unless otherwise indicated. 

7. Insulation:  Class F, unless otherwise indicated. 

B. Motors Used with Variable-Frequency Controllers:  Ratings, characteristics, and features coor-

dinated with and approved by controller manufacturer. 

1. Critical vibration frequencies are not within operating range of controller output. 

2. Temperature Rise:  Match rating for Class B insulation. 

3. Insulation:  Class H. 

4. Thermal Protection:  Where indicated, conform to NEMA MG 1 requirements for ther-

mally protected motors. 

C. Rugged-Duty Motors:  Where indicated, motors are totally enclosed with 1.25 minimum service 

factor, greased bearings, integral condensate drains, and capped relief vents.  Windings are insu-

lated with nonhygroscopic material.  External finish is chemical-resistant paint over corrosion-

resistant primer. 

D. Source Quality Control:  Perform the following routine tests according to NEMA MG 1: 

1. Measurement of winding resistance. 

2. No-load readings of current and speed at rated voltage and frequency. 

3. Locked rotor current at rated frequency. 

4. High-potential test. 

5. Alignment. 

2.3 SINGLE-PHASE MOTORS 
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A. Type:  As indicated or selected by manufacturer from one of the following, to suit starting 

torque and other requirements of specific motor application. 

1. Permanent-split capacitor. 

2. Split-phase start, capacitor run. 

3. Capacitor start, capacitor run. 

B. Shaded-Pole Motors:  Do not use, unless motors are smaller than 1/20 hp. 

C. Thermal Protection:  Where indicated or required, internal protection automatically opens pow-

er supply circuit to motor when winding temperature exceeds a safe value calibrated to tempera-

ture rating of motor insulation.  Thermal protection device automatically resets when motor 

temperature returns to normal range, unless otherwise indicated. 

D. Bearings:  Ball-bearing type for belt-connected motors and other motors with high radial forces 

on motor shaft.  Sealed, prelubricated sleeve bearings for other single-phase motors. 

PART 3 - EXECUTION 

3.1 ADJUSTING 

A. Use adjustable motor mounting bases for belt-driven motors. 

B. Align pulleys and install belts. 

C. Tension according to manufacturer's written instructions. 

END OF SECTION 15170 
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SECTION-15189                                                                                                                                        

HVAC WATER TREATMENT 

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 water-treatment systems for the following: 

1. Closed loop chilled and hot water systems. 

1.3 CHEMICAL FEED SYSTEM DESCRIPTION 

A. Closed-Loop System:  One bypass feeder on each system with isolating and drain valves 

downstream from circulating pumps, unless otherwise indicated. 

1. Introduce chemical treatment through bypass feeder. 

1.4 PERFORMANCE REQUIREMENTS 

A. Maintain water quality for HVAC systems that controls corrosion and build-up of scale and 

biological growth for maximum efficiency of installed equipment without posing a hazard to 

operating personnel or the environment. 

B. Base chemical treatment performance requirements on quality of water available at Project site, 

HVAC system equipment material characteristics and functional performance characteristics, 

operating personnel capabilities, and requirements and guidelines of authorities having 

jurisdiction. 

1. Closed System:  Maintain system essentially free of scale, corrosion, and fouling to 

sustain the following water characteristics: 

a. Hardness: 20.00 

b. Iron: 10.00 

c. Total dissolved solids (TDS): 500 to 1000 PPM (as CaC03) 

d. Silica:  60 PPM or less. 

e. PH: 8.6 or above. 

1.5 SUBMITTALS 
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A. Product Data:  Include rated capacities; water-pressure drops; shipping, installed, and operating 

weights; and furnished products listed below: 

1. Test equipment. 

2. Chemicals. 

3. Chemical feeders. 

B. Shop Drawings:  Detail equipment assemblies indicating dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

C. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 

Project site. 

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

requirements. 

E. Maintenance Data:  For filters, system controls, and accessories to include in maintenance 

manuals specified in Division 1. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications:  An experienced installer who is an authorized representative of the 

chemical treatment manufacturer for both installation and maintenance of chemical treatment 

equipment required for this Project. 

1.7 MAINTENANCE 

A. Scope of Service:  Provide chemicals and service program for maintaining optimum conditions 

in the circulating water for inhibiting corrosion, scale, and organic growths in the closed loop 

chilled and hot water piping systems and equipment.  Services and chemicals shall be provided 

for a period of one year from date of Substantial Completion, including the following: 

1. Initial water analysis and recommendations. 

2. Startup assistance. 

3. Periodic field service and consultation. 

4. Customer report charts and log sheets. 

5. Laboratory technical assistance. 

6. Analyses and reports of all chemical items concerning safety and compliance with 

government regulations. 

1.8 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 

with protective covering for storage and identified with labels describing contents. 

1. Chemicals:  Furnish one years supply of the recommended formulas for scale and 

corrosion control in the closed recirculating systems. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

following: 

1. HVAC Water-Treatment Products: 

a. Aqualine Water Treatment Products, Inc. 

b. Calgon Corp., ECC International. 

c. Nalco Chemical Co. 

2.2 CHEMICAL FEEDING EQUIPMENT 

A. Bypass Feeders:  Cast iron or steel, for introducing chemicals into system; with funnel shutoff 

valve on top, air-release valve on top, drain valve on bottom, and recirculating shutoff valves on 

sides. 

1. Capacity:  3 gal. (11.3 L). 

2. Working Pressure:  125 psig (860 kPa). 

2.3 CHEMICAL TREATMENT TEST EQUIPMENT 

A. Test Kit:  Manufacturer recommended equipment and chemicals, in a carrying case, for testing 

pH, total dissolved solids, dissolved oxygen, biocount, chloride, and total alkalinity and for 

calcium hardness field tests. 

2.4 CHEMICALS 

A. Furnish chemicals recommended by water-treatment system manufacturer that are compatible 

with piping system components and connected equipment. 

PART 3 - EXECUTION 

3.1 WATER ANALYSIS 

A. Perform an analysis of supply water to determine the type and quantities of chemical treatment 

needed to maintain the water quality as specified in "Performance Requirements" Article. 

3.2 INSTALLATION 

A. Install treatment equipment level and plumb. 
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B. Add cleaning chemicals as recommended by manufacturer. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 

general arrangement of piping, fittings, and specialties. 

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

3.4 FIELD QUALITY CONTROL 

A. Engage a factory-authorized service representative that shall perform startup service. 

1. Inspect field-assembled components and equipment installation, including piping 

connections.  Report results in writing. 

2. Inspect piping and equipment to determine that systems and equipment have been 

cleaned, flushed, and filled with water, and are fully operational before introducing 

chemicals for water-treatment system. 

3. Clean and flush systems and place HVAC water-treatment system into operation and 

adjust system chemicals during the preliminary phase of HVAC systems' startup 

procedures. 

B. Test chemical feed piping as follows: 

1. Do not enclose, cover, or put piping into operation until it is tested and satisfactory test 

results are achieved. 

2. Test for leaks and defects.  If testing is performed in segments, submit separate report for 

each test, complete with diagram of portion of piping tested. 

3. Leave uncovered and unconcealed new, altered, extended, and replaced water piping until 

it has been tested and approved.  Expose work that has been covered or concealed before 

it has been tested and approved. 

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

pressure, without exceeding pressure rating of piping system materials.  Isolate test 

source and allow test pressure to stand for four hours.  Leaks and loss in test pressure 

constitute defects. 

5. Repair leaks and defects with new materials and retest piping until satisfactory results are 

obtained. 

6. Prepare test reports, including required corrective action. 

3.5 ADJUSTING 

A. Occupancy Adjustments:  Within 12 months of Substantial Completion, perform two separate 

water analyses to prove that chemical feed systems are maintaining water quality within 

performance requirements specified in this Section.  Perform analyses at least 60 days apart.  

Submit written reports of water analysis to the Owner. 

3.6 DEMONSTRATION 
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A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain HVAC water-treatment systems and equipment. 

1. Train Owner's maintenance personnel on procedures and schedules for starting and 

stopping, troubleshooting, servicing, and maintaining equipment and schedules. 

B. Review manufacturer's safety data sheets for handling of chemicals. 

C. Review data in maintenance manuals, especially data on recommended parts inventory and 

supply sources and on availability of parts and service.  Refer to Division 1 Section "Contract 

Closeout." 

D. Review data in maintenance manuals, especially data on recommended parts inventory and 

supply sources and on availability of parts and service.  Refer to Division 1 Section "Operation 

and Maintenance Data." 

E. Schedule at least two separate four hours of training with Owner, through Architect, with at 

least seven days' advance notice. 

END OF SECTION 15189 
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SECTION 15241 - MECHANICAL VIBRATION CONTROLS AND SEISMIC RESTRAINTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes vibration isolators, vibration isolation bases, vibration isolation roof 

curbs, and seismic restraints and snubbers. 

B. Related Sections include the following: 

1. Division 15 Section "Hangers and Supports" for pipe hanger restraints. 

2. Division 15 Section "Metal Ductwork" for flexible duct connectors. 

3. Division 15 piping Sections for flexible pipe connectors. 

1.3 SUBMITTALS 

A. Product Data:  Indicate types, styles, materials, and finishes for each type of isolator specified.  

Include load deflection curves. 

B. Shop Drawings:  Show designs and calculations, certified by a professional engineer, for the 

following: 

1. Design Calculations:  Calculations for selection of vibration isolators, design of vibration 

isolation bases, and selection of seismic restraints. 

2. Vibration Isolation Base Details:  Detail fabrication, including anchorages and attach-

ments to the structure and to the supported equipment.  Include auxiliary motor slides and 

rails, and base weights. 

3. Seismic Restraint Details:  Detail fabrication and attachment of restraints and snubbers. 

1.4 QUALITY ASSURANCE 

A. Professional Engineer Qualifications:  A professional engineer who is legally qualified to prac-

tice in the jurisdiction where the Project is located and who is experienced in providing engi-

neering services of the kind indicated.  Engineering services are defined as those performed for 

installations of vibration isolation bases and seismic restraints that are similar to those indicated 

for this Project in material, design, and extent. 

1.5 PROJECT CONDITIONS 
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A. Project seismic zone is 1 with a zone factor of 0.075. 

B. Project seismic zone is 2A with a zone factor of 0.15. 

C. Project seismic zone is 2B with a zone factor of 0.20. 

D. Project seismic zone is 3 with a zone factor of 0.30. 

E. Project seismic zone is 4 with a zone factor of 0.40. 

F. Building Importance Factor:  1.5. 

1.6 COORDINATION 

A. Coordinate layout and installation of vibration isolation and seismic-restraint devices with other 

construction that penetrates ceilings or is supported by them, including light fixtures, HVAC 

equipment, fire-suppression-system components, and partition assemblies. 

B. Coordinate size and location of concrete housekeeping and vibration isolation bases.  Cast an-

chor-bolt inserts into base.  Concrete, reinforcement, and formwork requirements are specified 

in Division 3 Sections. 

C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 

are specified in Division 7 Sections. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

lowing: 

1. B-Line Systems, Inc. 

2. Kinetics Noise Control, Inc. 

3. Mason Industries, Inc. 

4. Vibration Eliminator Co., Inc. 

5. Vibration Isolation Co., Inc. 

2.2 VIBRATION ISOLATORS 

A. Isolator Pads:  Oil and water resistant and factory cut to sizes that match requirements of the 

equipment supported. 

1. Rubber Isolator Pads:  Elastomer (neoprene or silicone) arranged in single or multiple 

layers and molded with a nonslip pattern and steel baseplates of sufficient stiffness to 

provide uniform loading over the pad area. 

2. Fiberglass or Cork Isolator Pads:  Molded cork or glass fiber not less than 1 inch (25 mm) 

thick and precompressed through 10 compression cycles at 3 times the rated load. 



ROWAN COUNTY JUSTICE CENTER  OCTOBER 2018 

AIR HANDLER REPLACEMENT PROJECT 
  

 

Mechanical Vibration Controls and Seismic Restraints 15241 - page 3 

 

3. Load Range:  From 10 to 50 psig (69 to 345 kPa) and a deflection not less than 0.08 inch 

per 1 inch (2 mm per 25 mm) of thickness.  Do not exceed a loading of 50 psig (345 kPa). 

B. Restrained Spring Isolators:  Vertically restrained, freestanding, laterally stable, steel open-

spring-type isolators. 

1. Housing:  Welded steel with resilient vertical limit stops to prevent spring extension due 

to wind loads or when weight is removed.  Factory-drilled baseplate for bolting to struc-

ture and bonded to a 1/4-inch- (6-mm-) thick, rubber isolator pad attached to the 

baseplate underside.  Provide adjustable equipment mounting and leveling bolt. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

4. Lateral Stiffness:  More than 0.8 times the rated vertical stiffness. 

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without defor-

mation or failure. 

6. Finishes:  Baked enamel for metal components on isolators for interior use.  Hot-dip gal-

vanized for metal components on isolators for exterior use. 

C. Spring Hangers:  Combination spring and elastomeric hanger with coil spring and elastomeric 

insert in compression. 

1. Frame:  Formed steel, fabricated for connection to threaded rods and to allow for 30 de-

grees of angular hanger rod misalignment without binding or reducing isolation efficien-

cy. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

4. Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 

5. Finishes:  Baked enamel for metal components.  Color-code to indicate capacity range. 

2.3 SEISMIC CONTROLS 

A. Thrust Restraints:  Combination spring and elastomeric restraints with coil spring and elasto-

meric insert in compression.  Factory set for thrust. 

1. Frame:  Formed steel, fabricated for connection to threaded rods and to allow for 30 de-

grees of angular hanger rod misalignment without binding or reducing isolation efficien-

cy. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

4. Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 

5. Finishes:  Baked enamel for metal components.  Color-code to indicate capacity range. 

B. Manufactured Seismic Snubbers:  All-directional, double-acting snubbers. 

1. Construction:  Interlocking steel members restrained by a 3/4-inch- (19-mm-) thick, re-

placeable, shock-absorbing neoprene insert.  Maintain 1/8-inch (3-mm) clearance in all 

directions between rigid and resilient surfaces. 
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2.4 VIBRATION ISOLATION BASES 

A. Fabricated Steel Bases:  Structural-steel bases and rails designed and fabricated by the isolation 

equipment manufacturer.  Include equipment static loadings, power transmission, component 

misalignment, and cantilever loadings. 

1. Fabricate bases to shapes required, with welded structural-steel shapes, plates, and bars 

conforming to ASTM A 36 (ASTM A 36M).  Include support brackets to anchor base to 

isolation units.  Include prelocated equipment anchor bolts and auxiliary motor slide ba-

ses or rails. 

2. Design and fabricate bases to result in the lowest possible mounting height with not less 

than 1-inch (25-mm) clearance above the floor. 

3. Concrete-Filled Inertia Bases:  Weld reinforcing bars to the structural frame.  Pour con-

crete into base with relocated equipment anchor bolts. 

4. Weld steel angles on frame for outrigger isolation mountings, and provide for anchor 

bolts and equipment support. 

5. Configure inertia bases to accommodate equipment supported. 

6. Pump Bases:  Size to support pump and piping elbows. 

7. Factory Finish:  Manufacturer's standard corrosive-resistant finish. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install and anchor vibration-, sound-, and seismic-control products according to manufacturer's 

written instructions and authorities having jurisdiction. 

B. Anchor interior mounts, isolators, hangers, and snubbers to vibration isolation bases.  Bolt isola-

tor baseplates to structural floors as required by authorities having jurisdiction. 

C. Anchor exterior mounts, isolators, hangers, and snubbers to vibration isolation bases.  Bolt iso-

lator baseplates to structural supports as required by authorities having jurisdiction. 

D. Fill concrete inertia bases, after installing base frame, with 3000-psig (20.7-MPa) concrete, and 

trowel to a smooth, hard finish.  Cast-in-place concrete is specified in Division 3. 

E. Install pipe connectors at connections for equipment supported on vibration isolators. 

3.2 SEISMIC CONTROL 

A. Vibration Isolation Bases:  Mount equipment on structural-steel bases or concrete inertia bases. 

B. Snubbers:  Install the required number of seismic snubbers on each spring-mounted piece of 

equipment.  Locate snubbers as close as possible to the vibration isolators and bolt to supporting 

structure. 

3.3 ADJUSTING AND CLEANING 
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A. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.  

After equipment installation is complete, adjust limit stops so they are out of contact during 

normal operations. 

B. Adjust thrust restraints for a maximum of 1/4 inch (6 mm) of movement at start and stop. 

END OF SECTION 15241 
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SECTION – 15725 

MODULAR INDOOR AIR-HANDLING UNITS 

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 constant volume, modular air-handling units with coils for indoor 

installations. 

B. Related Sections include the following: 

1.3 SUBMITTALS 

A. Product Data:  For each type of modular indoor air-handling unit indicated.  Include the 

following: 

1. Certified fan-performance curves with system operating conditions indicated. 

2. Certified fan-sound power ratings. 

3. Certified coil-performance ratings with system operating conditions indicated. 

4. Motor ratings, electrical characteristics, and motor and fan accessories. 

5. Material gages and finishes. 

6. Filters with performance characteristics. 

7. Dampers, including housings and linkages. 

B. Shop Drawings: 

1. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic 

restraints and for designing vibration isolation bases. 

2. Vibration Isolation Base Details:  Detail fabrication including anchorages and 

attachments to structure and to supported equipment.  Include auxiliary motor slides and 

rails, and base weights. 

C. Manufacturer Seismic Qualification Certification:  Submit certification that modular indoor air-

handling units, accessories, and components will withstand seismic forces defined in 

Division 15 Section "Mechanical Vibration and Seismic Controls." Include the following: 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 
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a. The term "withstand" means "the unit will remain in place without separation of 

any parts from the device when subjected to the seismic forces specified." 

b. The term "withstand" means "the unit will remain in place without separation of 

any parts from the device when subjected to the seismic forces specified and the 

unit will be fully operational after the seismic event." 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

D. Field Quality-Control Test Reports:  From manufacturer. 

1.4 QUALITY ASSURANCE 

A. Source Limitations:  Obtain modular indoor air-handling units through one source from a single 

manufacturer. 

B. Product Options:  Drawings indicate size, profiles, and dimensional requirements of modular 

indoor air-handling units and are based on the specific system indicated. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

D. NFPA Compliance:  Modular indoor air-handling units and components shall be designed, 

fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 

Ventilating Systems." 

E. ARI Certification:  Modular indoor air-handling units and their components shall be factory 

tested according to ARI 430, "Central-Station Air-Handling Units," and shall be listed and 

labeled by ARI. 

F. Comply with NFPA 70. 

G. Comply with ASHRAE 90.1-1999 

1.5 COORDINATION 

A. Coordinate size and location of concrete bases or roof curbs as indicated. 

B. Coordinate size and location of structural-steel support members. 

1.6 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. Filters:  One set for each modular indoor air-handling unit. 
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2. Fan Belts:  One set for each modular indoor air-handling unit fan. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

following: 

1. McQuay International. 

2. Trane Company (The); Worldwide Applied Systems Group. 

3. Carrier Corp. 

2.2 MANUFACTURED UNITS 

A. Modular indoor air-handling units shall be factory assembled and consist of supply and return 

fans, motor and drive assembly, coils, damper, plenums, filters, condensate pans, mixing 

dampers, control devices, and accessories. 

2.3 CABINET 

A. Materials:  Formed and reinforced double-wall insulated panels, fabricated to allow removal for 

access to internal parts and components, with joints between sections sealed. All unit access 

doors shall be designed so that condensation shall not form on the outside of the door frame or 

unit panels. 

1. Outside Casing:  G90 Galvanized steel, 0.0516 inch (1.3 mm) thick. Provide painted 

factory finish to suit the application. 

2. Inside Casing:  G90 Galvanized steel, 0.0375 inch (0.95 mm) thick or 304-stainless steel 

were indicated. 

B. Cabinet Insulation:  Comply with NFPA 90A or NFPA 90B. 

1. Materials:  ASTM C 1071 with coated surface exposed to airstream to prevent erosion of 

glass fibers. 

2. Thickness:  2 inches (50 mm). 

3. Thermal Conductivity (k-Value):  0.26 at 75 deg F (0.037 at 24 deg C) mean temperature. 

4. Fire-Hazard Classification:  Maximum flame-spread index of 25 and smoke-developed 

index of 50, when tested according to ASTM C 411. 

5. Insulation Adhesive:  Comply with NFPA 90A or NFPA 90B and ASTM C 916. 

6. 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 cabinet. 

7. Location and Application:  Encased between outside and inside casing. 

C. Access Panels and Doors:  Same materials and finishes as cabinet, complete with hinges, 

latches, handles, and gaskets.  Inspection and access panels and doors shall be sized and located 

to allow periodic maintenance and inspections.  Provide access panels and doors in the 
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following locations. All doors shall be on drive side of unit All unit access doors shall be 

designed so that condensation shall not form on the outside of the door frame or unit panels: 

1. Fan Section:  Doors. 

2. Access Section:  Doors. 

3. Coil Section:  Inspection panel. 

4. Damper Section:  Doors. 

5. Filter Section:  Doors to allow periodic removal and installation of filters. 

D. Condensate Drain Pans:  Formed sections of 304-stainless-steel sheet complying with 

requirements in ASHRAE 62.  Fabricate pans with slopes in two planes to collect condensate 

from cooling coils (including coil piping connections and return bends) when units are 

operating at maximum catalogued face velocity across cooling coil. 

1. Double-Wall Construction:  Fill space between walls with foam insulation and seal 

moisture tight. 

2. Drain Connections:  Both ends of pan. 

3. Pan-Top Surface Coating:  Elastomeric compound. 

4. Units with stacked coils shall have an intermediate drain pan or drain trough to collect 

condensate from top coil. 

2.4 FAN SECTION 

A. Fan-Section Construction:  Belt-driven centrifugal fans consisting of housing, wheel, fan shaft, 

bearings, motor, drive assembly, and support structure and equipped with formed-steel channel 

base for integral mounting of fan, motor, and casing panels.  Mount fan with vibration isolation 

and seismic restraints. 

B. Centrifugal Fan Housings:  Formed- and reinforced-steel panels to make curved scroll housings 

with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal 

parts and components. 

1. Panel Bracing:  Steel angle- or channel-iron member supports for mounting and 

supporting fan scroll, wheel, motor, and accessories. 

2. Performance Class:  AMCA 99-2408, Class  II. 

3. Horizontal Flanged Split Housing:  Bolted construction. 

C. Fan Assemblies:  Statically and dynamically balanced and designed for continuous operation at 

maximum rated fan speed and motor horsepower. 

D. Airfoil-Fan Wheels:  Steel construction with smooth-curved inlet flange, heavy backplate, and 

hollow die-formed airfoil-shaped blades continuously welded at tip flange and backplate; cast-

iron or cast-steel hub riveted to backplate and fastened to shaft with set screws. 

E. Coatings: Powder-baked enamel. 

F. Shafts:  Statically and dynamically balanced and designed for continuous operation at maximum 

rated fan speed and motor horsepower, with final alignment and belt adjustment made after 

installation. 
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1. Turned, ground, and polished hot-rolled steel with keyway.  Ship with a protective 

coating of lubricating oil. 

2. Designed to operate at no more than 70 percent of first critical speed at top of fan's speed 

range. 

G. Grease-Lubricated Shaft Bearings:  Self-aligning, pillow-block-type, ball or roller bearings with 

adapter mount and two-piece, cast-iron housing. 

1. Roller-Bearing Rating Life:  ABMA 11, L50 of 200,000 hours. 

H. Belt Drives:  Factory mounted, with final alignment and belt adjustment made after installation 

and with 1.5 service factor based on fan motor. 

1. Pulleys:  Cast iron or cast steel with split, tapered bushing; dynamically balanced at 

factory. 

2. Motor Pulleys:  Adjustable pitch for use with 5-hp motors and smaller; fixed pitch for use 

with motors larger than 5 hp.  Select pulley so pitch adjustment is at the middle of 

adjustment range at fan design conditions. 

3. Belts:  Oil resistant, nonsparking, and nonstatic; matched for multiple belt drives. 

4. Belt Guards:  Fabricate to OSHA/SMACNA requirements; 0.1046-inch- (2.7-mm-) thick, 

3/4-inch (20-mm) diamond-mesh wire screen welded to steel angle frame or equivalent; 

prime coated. 

5. Motor Mount:  Adjustable for belt tensioning. 

I. Vibration Control:  Install fans on open-spring vibration isolators having a minimum of 1-inch 

(25-mm) static deflection and side snubbers. 

J. Fan-Section Source Quality Control: 

1. Sound Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan 

Sound Ratings from Laboratory Test Data."  Test fans according to AMCA 300, 

"Reverberant Room Method for Sound Testing of Fans."  Fans shall bear AMCA-

certified sound ratings seal. 

2. Factory test fan performance for flow rate, pressure, power, air density, rotation speed, 

and efficiency.  Establish ratings according to AMCA 210, "Laboratory Methods of 

Testing Fans for Rating." 

2.5 MOTORS 

A. General:  Refer to Division 15 Section "Motors" for general requirements. 

B. Torque Characteristics:  Sufficient to accelerate driven loads satisfactorily. 

C. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not 

require motor to operate in service factor range. 

D. Temperature Rating:  50 deg C maximum temperature rise at 40 deg C ambient for continuous 

duty at full load (Class A Insulation). 

E. Service Factor:  1.15 for polyphase motors and 1.35 for single-phase motors. 
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F. Motor Construction:  NEMA MG 1, general purpose, continuous duty, Design B mounted on 

adjustable base. Motor shall be designed for use with a variable frequency drive. 

G. Bearings:  The following features are required: 

1. Ball or roller bearings with inner and outer shaft seals and ground shunt. 

2. Grease lubricated. 

3. Designed to resist thrust loading where belt or other drives produce lateral or axial thrust 

in motor. 

H. Enclosure Type:  The following features are required: 

1. Open dripproof motors if satisfactorily housed or remotely located during operation. 

I. Overload Protection:  Built-in, automatically resetting, thermal-overload protection. 

J. Noise Rating:  Quiet. 

K. Efficiency:  Energy-efficient motors shall have a minimum efficiency as scheduled according to 

IEEE 112, Test Method B.  If efficiency is not specified, motors shall have a higher efficiency 

than "average standard industry motors" according to IEEE 112, Test Method B. 

L. Nameplate:  Indicate ratings, characteristics, construction, special features, and full 

identification of manufacturer. 

M. Starters, Electrical Devices, and Wiring:  Electrical devices and connections are specified in 

Division 16 Sections. 

2.6 COILS 

A. Coil Sections:  Common or individual, insulated, 304-stainless-steel casings and frame for 

heating and cooling coils.  Design and construct to facilitate removal and replacement of coil for 

maintenance and to ensure full airflow through coils. 

B. Water Coils: Self-draining coil fabricated according to ARI 410. 

1. Piping Connections:  Threaded, on same end. 

2. Tubes:  0.032 copper. 

3. Fins:  Aluminum with 10 fins per inch fin spacing and thick 0.0075 inch (0.19 mm). 

4. Fin and Tube Joint:  Mechanical bond. 

5. Headers:  Seamless copper tube with brazed joints, prime coated. 

6. Frames:  Stainless steel, 0.0625 inch (1.58 mm). 

7. Ratings:  Design tested and rated according to ASHRAE 33 and ARI 410. 

a. Working-Pressure Ratings:  200 psig (1380 kPa), 325 deg F (163 deg C). 

8. Source Quality Control:  Test to 200 psig (1380 kPa) underwater. 

9. Frames:  304-Stainless steel, 0.0625 inch (1.58 mm). 

10. Ratings:  Design tested and rated according to ASHRAE 33 and ARI 410. 
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2.7 DAMPERS 

A. General:  Leakage rate, according to AMCA 500, "Laboratory Methods for Testing Dampers for 

Rating," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through 

damper and 4-inch wg (1000-Pa) pressure differential. 

B. Damper Operators:  Electric specified in Division 15 Section "HVAC Instrumentation and 

Controls." 

C. Low-Leakage, Outside-Air Dampers:  Double-skin, airfoil-blade galvanized-steel dampers with 

compressible jamb seals and extruded-vinyl blade edge seals, in parallel-blade arrangement with 

steel operating rods rotating in stainless-steel sleeve bearings mounted in a single galvanized-

steel frame, and with operating rods connected with a common linkage.  Leakage rate shall not 

exceed 5 cfm/sq. ft. (0.22 L/s per sq. m) at 1-inch wg (250 Pa) and 9 cfm/sq. ft. (0.4 L/s per sq. 

m) at 4-inch wg (1.0 MPa). 

D. Mixing Boxes:  Parallel-blade galvanized-steel dampers mechanically fastened to steel 

operating rod in reinforced, galvanized-steel cabinet.  Connect outside and return air dampers 

operating rods with common linkage and interconnect linkages so dampers operate 

simultaneously. Relief air damper shall operate on independent linkages. 

2.8 FILTER SECTION 

A. Filters:  Comply with NFPA 90A.(refer to drawing schedule) 

B. Filter Section:  Provide filter holding frames arranged for flat orientation, with access doors on 

both sides of unit.  Filters shall be removable from one side. 

C. Extended-Surface, Disposable Panel Filters:  Factory-fabricated, dry, extended-surface filters 

with holding frames. 

1. Media:  Fibrous material formed into 2-in. 30% deep-V-shaped pleats and held by self-

supporting wire grid. 

2. Media and Media-Grid Frame:  Nonflammable cardboard. 

D. Cartridge Filters:  Factory-fabricated Varical SH 85% cartridge filters with holding casing. 

1. Media:  UL 586, fibrous glass, constructed of continuous sheets with closely spaced 

pleats with vinyl-coated aluminum separators. 

2. Frame Material:  Galvanized steel. 

3. Media to Frame Side Bond:  Thermosetting sealant. 

4. Face Gasket:  Neoprene expanded rubber. 

5. Duct-Mounting Frames:  Construct downstream corners of holding device with cushion 

pads to protect media.  Provide bolted filter-sealing mechanism to mount and 

continuously seal each individual filter. 

PART 3 - EXECUTION  

3.1 EXAMINATION 
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A. Examine areas and conditions for compliance with requirements for installation tolerances and 

other conditions affecting performance. 

B. Examine roughing-in of steam, hydronic, and condensate drainage piping systems and electrical 

services to verify actual locations of connections before installation. 

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

3.2 INSTALLATION 

A. Concrete Bases:  Install floor mounting units on 4-inch- (100-mm-) high concrete bases.  See 

Division 15 Section "Basic Mechanical Materials and Methods" for concrete base materials and 

fabrication requirements. 

B. Arrange installation of units to provide access space around modular indoor air-handling units 

for service and maintenance. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 

general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to machine to allow service and maintenance. 

C. Connect piping to modular indoor air-handling units mounted on vibration isolators with 

flexible connectors. 

D. Connect condensate drain pans using NPS 1-1/4 (DN 32), Type M copper tubing.  Extend to 

nearest equipment or floor drain.  Construct deep trap at connection to drain pan and install 

cleanouts at changes in direction. 

E. Hot- and Chilled-Water Piping:  Comply with applicable requirements in Division 15 Section 

"Hydronic Piping."  Connect to supply and return coil tappings with shutoff or balancing valve 

and union or flange at each connection. 

F. Duct installation and connection requirements are specified in other Division 15 Sections.  

Drawings indicate general arrangement of ducts and duct accessories.  Make final duct 

connections with flexible connections. 

G. Electrical:  Comply with applicable requirements in Division 16 Sections for power wiring, 

switches, and motor controls. 

H. Ground equipment according to Division 16 Section "Grounding and Bonding." 

I. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 

UL 486A and UL 486B. 

3.4 FIELD QUALITY CONTROL 
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3.5 STARTUP SERVICE 

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

B. Final Checks before Startup:  Perform the following: 

1. Verify that shipping, blocking, and bracing are removed. 

2. Verify that unit is secure on mountings and supporting devices and that connections to 

piping, ducts, and electrical systems are complete.  Verify that proper thermal-overload 

protection is installed in motors, starters, and disconnect switches. 

3. Perform cleaning and adjusting specified in this Section. 

4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify free 

fan wheel rotation and smooth bearing operations.  Reconnect fan drive system, align 

belts, and install belt guards. 

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended 

lubricants. 

6. Set outside- and return-air mixing dampers to minimum outside-air setting. 

7. Comb coil fins for parallel orientation. 

8. Install clean filters. 

9. Verify that manual and automatic volume control and fire and smoke dampers in 

connected duct systems are in fully open position. 

C. Starting procedures for modular indoor air-handling units include the following: 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust 

fan to indicated rpm. Replace fan and motor pulleys as required to achieve design 

conditions. 

2. Measure and record motor electrical values for voltage and amperage. 

3. Manually operate dampers from fully closed to fully open position and record fan 

performance. 

D. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for modular indoor air-

handling system testing, adjusting, and balancing. 

3.6 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

3.7 CLEANING 

A. Clean modular indoor air-handling units internally, on completion of installation, according to 

manufacturer's written instructions.  Clean fan interiors to remove foreign material and 

construction dirt and dust.  Vacuum clean fan wheels, cabinets, and coils entering air face. 

B. After completing system installation and testing, adjusting, and balancing modular indoor air-

handling and air-distribution systems, clean filter housings and install new filters. 

3.8 DEMONSTRATION 
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A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain modular indoor air-handling units.  Refer to Division 1 Section 

"Closeout Procedures." 

END OF SECTION 15725 
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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 Condi-

tions 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 

(minus 500 to plus 2490 Pa). 

B. Related Sections include the following: 

1. Division 7 Section "Joint Sealants" for fire-resistant sealants for use around duct penetra-

tions and fire-damper installations in fire-rated floors, partitions, and walls. 

2. Division 8 Section "Access Doors" for wall- and ceiling-mounted access doors for access 

to concealed ducts. 

3. Division 10 Section "Louvers and Vents" for intake and relief louvers and vents connect-

ed to ducts and installed in exterior walls. 

4. Division 15 Section "Mechanical Insulation" for duct insulation. 

5. Division 15 Section "Duct Accessories" for dampers, sound-control devices, duct-

mounted access doors and panels, turning vanes, and flexible ducts. 

6. Division 15 Section "Air Terminals" for constant-volume and variable-air-volume control 

boxes, and reheat boxes. 

7. Division 15 Section "Diffusers, Registers, and Grilles." 

8. Division 15 Section "Control Systems Equipment" for automatic volume-control dampers 

and operators. 

9. Division 15 Section "Testing, Adjusting, and Balancing" for air balancing and final ad-

justing of manual-volume dampers. 

1.3 DEFINITIONS 

A. Thermal Conductivity and Apparent Thermal Conductivity (k-Value):  As defined in 

ASTM C 168.  In this Section, these values are the result of the formula Btu x in./h x sq. ft. x 

deg F or W/m x K at the temperature differences specified.  Values are expressed as Btu or W. 

1. 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 sys-
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tem must be specifically approved in writing by Architect.  Accompany requests for layout 

modifications with calculations showing that proposed layout will provide original design re-

sults without increasing system total pressure. 

1.5 SUBMITTALS 

A. Product Data:  For sealing materials. 

B. Shop Drawings:  Show details of the following:(these shop drawings will be required before 

duct fabrication should start) 

1. Fabrication, assembly, and installation, including plans, elevations, sections, components, 

and attachments to other work. 

2. Duct layout indicating pressure classifications and sizes on plans. 

3. Fittings. 

4. Reinforcement and spacing. 

5. Seam and joint construction. 

6. Penetrations through fire-rated and other partitions. 

7. Hangers and supports, including methods for building attachment, vibration isolation, 

seismic restraints, and duct attachment. 

C. Coordination Drawings:  Reflected ceiling plans drawn to scale and coordinating penetrations 

and ceiling-mounted items.  Show the following: 

1. Coordination with ceiling-mounted items, including lighting fixtures, diffusers, grilles, 

speakers, sprinkler heads, access panels, and special moldings. 

D. Welding Certificates:  Copies of certificates indicating welding procedures and personnel com-

ply with requirements in "Quality Assurance" Article. 

E. Field Test Reports:  Indicate and interpret test results for compliance with performance re-

quirements. 

F. Record Drawings:  Indicate actual routing, fitting details, reinforcement, support, and installed 

accessories and devices. 

1.6 QUALITY ASSURANCE 

A. Welding Standards:  Qualify welding procedures and welding personnel to perform welding 

processes for this Project according to AWS D1.1, "Structural Welding Code--Steel," for hang-

ers and supports; AWS D1.2, "Structural Welding Code--Aluminum," for aluminum supporting 

members; and AWS D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

B. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," unless 

otherwise indicated. 

C. Comply with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems," 

unless otherwise indicated. 

1. Retain paragraph below if range hood exhaust is in Project 
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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 recom-

mendations. 

PART 2 - PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 (Z275) coating 

designation; mill-phosphatized finish for surfaces of ducts exposed to view. 

B. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on galva-

nized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 

C. Tie Rods:  Galvanized steel, 3/8-inch (10-mm) minimum diameter for 36-inch (900-mm) length 

or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm). 

2.2 SEALANT MATERIALS 

A. Joint and Seam Sealants, General:  The term "sealant" is not limited to materials of adhesive or 

mastic nature but includes tapes and combinations of open-weave fabric strips and mastics. 

1. Joint and Seam Tape:  4 inches (100 mm) 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, com-

plying with ASTM C 920, Type S, Grade NS, Class 25, Use O. 

2.3 HANGERS AND SUPPORTS 

A. Building Attachments:  Concrete inserts, do not use powder-actuated fasteners, or structural-

steel fasteners appropriate for building materials. 

1. Exception:  Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches (100 mm) thick. 

B. Hanger Materials:  Galvanized, sheet steel or round, threaded steel rod. 

1. Hangers Installed in Corrosive Atmospheres:  Electrogalvanized, all-thread rod or galva-

nized rods with threads painted after installation. 
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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. 

2.4 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 Flexible."  Comply with requirements for metal thickness, reinforcing 

types and intervals, tie-rod applications, and joint types and intervals. Galvanized Sheet Steel:  

Lock-forming quality; complying with ASTM A 653/A 653M and having G90 (Z275) coating 

designation; ducts shall have mill-phosphatized finish for surfaces exposed to view. 

B.  

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. 

3. Deflection:  Duct systems shall not exceed deflection limits according to SMACNA's 

"HVAC Duct Construction Standards--Metal and Flexible." 

C. Transverse Joints:  Prefabricated slide-on joints and components constructed using 

manufacturer's guidelines for material thickness, reinforcement size and spacing, and joint 

reinforcement. 

1. Manufacturers: 

a. Ductmate Industries, Inc. 

 

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

1. Supply Ducts:  3-inch wg (750 Pa). 

2. Return Ducts:  2-inch wg (500 Pa), negative pressure. 

3. Exhaust Ducts:  3-inch wg (750 Pa), negative pressure. 

E. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 19 inches (480 mm) 

and larger and 0.0359 inch (0.9 mm) thick or less, with more than 10 sq. ft. (0.93 sq. m) of un-

braced panel area, unless ducts are lined. 

F. Secure transversely oriented liner edges facing the airstream with metal nosings that have either 

channel or "Z" profiles.  Fabricate edge facings at the following locations: 

1. Fan discharges. 
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2. Intervals of lined duct preceding unlined duct. 

3. Upstream edges of transverse joints in ducts where air velocities are greater than 2500 

fpm (12.7 m/s) or where indicated. 

 

2.5 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 (0.037 at 24 deg C) mean temperature. 

2. Outer Shell:  Base outer-shell metal thickness on actual outer-shell dimensions.  Fabricate 

outer-shell lengths 2 inches (50 mm) longer than inner shell and insulation, and in metal 

thickness specified for single-wall duct. 

3. Insulation:  1-inch- (25-mm-) thick fibrous-glass insulation, unless otherwise indicated.  

Terminate insulation where internally insulated duct connects to single-wall duct or unin-

sulated 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- (2.4-mm-) 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 (75 to 200 mm) in Diameter:  0.019 inch (0.5 mm) with stand-

ard spiral seam construction. 

b. Ducts 9 to 42 Inches (225 to 1070 mm) in Diameter:  0.019 inch (0.5 mm) with 

single-rib spiral seam construction. 

c. Ducts 44 to 60 Inches (1120 to 1525 mm) in Diameter:  0.022 inch (0.55 mm) with 

single-rib spiral seam construction. 

d. Ducts 62 to 88 Inches (1575 to 2235 mm) in Diameter:  0.034 inch (0.85 mm) with 

standard spiral seam construction. 

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

from dislocation by mechanical means. 

2.6 ROUND AND FLAT-OVAL SUPPLY AND EXHAUST FITTING FABRICATION 
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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 longitu-

dinal seam straight duct. 

B. Diverging-Flow Fittings:  Fabricate with a reduced entrance to branch taps with no excess mate-

rial 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: 

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 (minus 500 to plus 500 Pa): 

a. Ducts 3 to 26 Inches (75 to 660 mm) in Diameter:  0.028 inch (0.7 mm). 

b. Ducts 27 to 36 Inches (685 to 915 mm) in Diameter:  0.034 inch (0.85 mm). 

c. Ducts 37 to 50 Inches (940 to 1270 mm) in Diameter:  0.040 inch (1.0 mm). 

d. Ducts 52 to 60 Inches (1320 to 1525 mm) in Diameter:  0.052 inch (1.3 mm). 

e. Ducts 62 to 84 Inches (1575 to 2130 mm) in Diameter:  0.064 inch (1.6 mm). 

3. Round Mitered Elbows:  Welded construction with the following metal thickness for 

pressure classes from 2- to 10-inch wg (500 to 2490 Pa): 

a. Ducts 3 to 14 Inches (75 to 355 mm) in Diameter:  0.028 inch (0.7 mm). 

b. Ducts 15 to 26 Inches (380 to 660 mm) in Diameter:  0.034 inch (0.85 mm). 

c. Ducts 27 to 50 Inches (685 to 1270 mm) in Diameter:  0.040 inch (1.0 mm). 

d. Ducts 52 to 60 Inches (1320 to 1525 mm) in Diameter:  0.052 inch (1.3 mm). 

e. Ducts 62 to 84 Inches (1575 to 2130 mm) in Diameter:  0.064 inch (1.6 mm). 

4. Flat-Oval Mitered Elbows:  Welded construction with same metal thickness as longitudi-

nal seam flat-oval duct. 

5. 90-Degree, Two-Piece, Mitered Elbows:  Use only for supply systems, or exhaust sys-

tems 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 (200 mm) 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 con-

struction. 

7. Round Elbows, 9 through 14 Inches (225 through 355 mm):  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 (355 mm), and All Flat-Oval Elbows:  Fabricate 

gored elbows, unless space restrictions require a mitered elbow. 

9. Die-Formed Elbows for Sizes through 8 Inches (200 mm) and All Pressures:  0.040 inch 

(1.0 mm) thick with two-piece welded construction. 

10. Round Gored-Elbow Metal Thickness:  Same as non-elbow fittings specified above. 
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11. Flat-Oval Elbow Metal Thickness:  Same as longitudinal seam flat-oval duct specified 

above. 

12. Pleated Elbows for Sizes through 14 Inches (355 mm) and Pressures through 10-Inch wg 

(2490 Pa):  0.022 inch (0.55 mm). 

D. Double-Wall (Insulated) Fittings:  Fabricate double-wall (insulated) fittings 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 (0.037 at 24 deg C) mean temperature. 

2. Outer Shell:  Base outer-shell metal thickness on actual outer-shell dimensions.  Fabricate 

outer-shell lengths 2 inches (50 mm) longer than inner shell and insulation.  Use the same 

metal thicknesses for outer duct as for uninsulated fittings. 

3. Insulation:  1-inch- (25-mm-) thick fibrous-glass insulation, unless otherwise indicated.  

Terminate insulation where internally insulated duct connects to single-wall duct or unin-

sulated components.  Terminate insulation and reduce outer duct diameter to nominal 

single-wall size. 

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- (2.4-mm-) diameter perforations, with an overall open area of 23 percent.  Use 

the following sheet metal thicknesses: 

a. Ducts 3 to 34 Inches (75 to 865 mm) in Diameter:  0.028 inch (0.7 mm). 

b. Ducts 35 to 58 Inches (890 to 1475 mm) in Diameter:  0.034 inch (0.85 mm). 

c. Ducts 60 to 88 Inches (1525 to 2235 mm) in Diameter:  0.040 inch (1.0 mm). 

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

from dislocation by mechanical means. 

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 (3.7 m), unless interrupted by 

fittings. 

D. Install ducts with fewest possible joints. 

E. Install fabricated fittings for changes in directions, changes in size and shape, and connections. 

F. Install couplings tight to duct wall surface with a minimum of projections into duct. 

G. Install ducts, unless otherwise indicated, vertically and horizontally, parallel and perpendicular 

to building lines; avoid diagonal runs. 
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H. Install ducts close to walls, overhead construction, columns, and other structural and permanent 

enclosure elements of building. 

I. Install ducts with a clearance of 1 inch (25 mm), 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 exteri-

or walls, and are exposed to view, conceal space between construction opening and duct or duct 

insulation with sheet metal flanges of same metal thickness as duct.  Overlap opening on four 

sides by at least 1-1/2 inches (38 mm). 

N. Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior 

walls, install appropriately rated fire damper, sleeve, and firestopping sealant.  Fire and smoke 

dampers are specified in Division 15 Section "Duct Accessories."  Firestopping materials and 

installation methods are specified in Division 7 Section "Firestopping." 

3.2 SEAM AND JOINT SEALING 

A. General:  Seal all duct seams and joints according to the duct pressure class indicated and as de-

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

B. Seal externally insulated ducts before insulation installation. 

3.3 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 (600 mm) of each elbow and within 48 inches (1200 

mm) of each branch intersection. 

C. Support vertical ducts at a maximum interval of 16 feet (5 m) and at each floor. 

D. Install upper attachments to structures with an allowable load not exceeding one-fourth of fail-

ure (proof-test) load. 

E. Install concrete inserts before placing concrete. 

3.4 CONNECTIONS 
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A. Connect equipment with flexible connectors according to Division 15 Section "Duct Accesso-

ries." 

B. For branch, outlet and inlet, and terminal unit connections, comply with SMACNA's "HVAC 

Duct Construction Standards--Metal and Flexible." 

3.5 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 classifica-

tions less than and equal to 2-inch wg (500 Pa) (both positive and negative pressures), and 

Leakage Classification 6 for pressure classifications from 2- to 10-inch wg (500 to 2490 Pa). 

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." 

3.6 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. 

3.7 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 15820 - DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

tions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Manual-volume dampers. 

2. Fire and smoke dampers. 

3. Turning vanes. 

4. Duct-mounted access doors and panels. 

5. Flexible ducts. 

6. Flexible connectors. 

7. Duct accessory hardware. 

B. Related Sections include the following: 

1. Division 8 Section "Access Doors" for wall- and ceiling-mounted access doors and pan-

els. 

2. Division 10 Section "Louvers and Vents" for intake and relief louvers and vents connect-

ed to ducts and installed in exterior walls. 

3. Division 15 Section "Air Terminals" for constant-volume and variable-air-volume control 

boxes, and reheat boxes. 

4. Division 15 Section "Diffusers, Registers, and Grilles." 

5. Division 15 Section "Control Systems Equipment" for electric and pneumatic damper ac-

tuators. 

6. Division 16 Section "Fire Alarm Systems" for duct-mounted fire and smoke detectors. 

1.3 SUBMITTALS 

A. Product Data:  For the following: 

1. Manual-volume dampers. 

2. Fire and smoke dampers. 

3. Duct-mounted access doors and panels. 

4. Flexible ducts. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, re-

quired clearances, method of field assembly, components, location, and size of each field con-

nection.  Detail the following: 
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1. Special fittings and manual- and automatic-volume-damper installations. 

2. Fire- and smoke-damper installations, including sleeves and duct-mounted access doors 

and panels. 

C. Product Certificates:  Submit certified test data on dynamic insertion loss; self-noise power lev-

els; and airflow performance data, static-pressure loss, dimensions, and weights. 

1.4 QUALITY ASSURANCE 

A. NFPA Compliance:  Comply with the following NFPA standards: 

1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 

2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

PART 2 - PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 (Z275) coating 

designation; mill-phosphatized finish for surfaces of ducts exposed to view. 

B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets, commercial quality, with 

oiled, exposed matte finish. 

C. Extruded Aluminum:  ASTM B 221 (ASTM B 221M), Alloy 6063, Temper T6. 

D. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on galva-

nized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 

E. Tie Rods:  Galvanized steel, 3/8-inch (10-mm) minimum diameter for 36-inch (900-mm) length 

or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm). 

2.2 MANUAL-VOLUME DAMPERS 

A. General:  Factory fabricated with required hardware and accessories.  Stiffen damper blades for 

stability.  Include locking device to hold single-blade dampers in a fixed position without vibra-

tion.  Close duct penetrations for damper components to seal duct consistent with pressure class. 

1. Pressure Classifications of 3-Inch wg (750 Pa) or Higher:  End bearings or other seals for 

ducts with axles full length of damper blades and bearings at both ends of operating shaft. 

B. Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as in-

dicated, standard leakage rating, with linkage outside airstream, and suitable for horizontal or 

vertical applications. 
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1. Steel Frames:  Hat-shaped, galvanized, sheet steel channels, minimum of 0.064 inch 

(1.62 mm) thick, with mitered and welded corners; frames with flanges where indicated 

for attaching to walls; and flangeless frames where indicated for installing in ducts. 

2. Roll-Formed Steel Blades:  0.064-inch- (1.62-mm-) thick, galvanized, sheet steel. 

3. Blade Axles:  Nonferrous. 

4. Tie Bars and Brackets:  Galvanized steel. 

C. Low-Leakage Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as 

indicated, low-leakage rating, with linkage outside airstream, and suitable for horizontal or ver-

tical applications. 

D. High-Performance Low-Leakage Volume Dampers:  Multiple- or single-blade, parallel- or op-

posed-blade design as indicated, low-leakage rating, with linkage outside airstream, and suitable 

for horizontal or vertical applications. 

1. Steel Frames:  Hat-shaped, galvanized steel channels, minimum of 0.064 inch (1.62 mm) 

thick, with mitered and welded corners; frames with flanges where indicated for attaching 

to walls; and flangeless frames where indicated for installing in ducts. 

2. Steel Blades:  0.052-inch- (1.3-mm-) thick, galvanized, sheet steel; airfoil shaped. 

3. Blade Seals:  Dual-durometer vinyl on blade edges; metallic compression on jambs. 

4. Blade Axles:  Nonferrous. 

5. Tie Bars and Brackets:  Galvanized steel. 

E. Jackshaft:  1-inch- (25-mm-) diameter, galvanized steel pipe rotating within a pipe-bearing as-

sembly mounted on supports at each mullion and at each end of multiple-damper assemblies. 

1. Length and Number of Mountings:  Appropriate to connect linkage of each damper of a 

multiple-damper assembly. 

F. Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 3/32-inch- (2.4-

mm-) thick zinc-plated steel, and a 3/4-inch (19-mm) hexagon locking nut.  Include center hole 

to suit damper operating-rod size.  Include elevated platform for insulated duct mounting. 

2.3 FIRE DAMPERS 

A. General:  Labeled to UL 555. 

B. Fire Rating:  One and one-half and three hours. 

C. Frame:  SMACNA Type B with blades out of airstream; fabricated with roll-formed, 0.034-

inch- (0.85-mm-) thick galvanized steel; with mitered and interlocking corners. 

D. Mounting Sleeve:  Factory- or field-installed galvanized, sheet steel. 

1. Minimum Thickness: 0.138 inch (3.5 mm) thick and length to suit application. 

2. Exceptions:  Omit sleeve where damper frame width permits direct attachment of perime-

ter mounting angles on each side of wall or floor, and thickness of damper frame com-

plies with sleeve requirements. 

E. Mounting Orientation:  Vertical or horizontal as indicated. 
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F. Blades:  Roll-formed, interlocking, 0.034-inch- (0.85-mm-) thick, galvanized, sheet steel.  In 

place of interlocking blades, use full-length, 0.034-inch- (0.85-mm-) thick, galvanized steel 

blade connectors. 

G. Horizontal Dampers:  Include a blade lock and stainless-steel negator closure spring. 

H. Fusible Link:  Replaceable, 165 or 212 deg F (74 or 100 deg C) rated as indicated. 

2.4 TURNING VANES 

A. Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexi-

ble." 

B. Manufactured Turning Vanes:  Fabricate of 1-1/2-inch- (38-mm-) wide, curved blades set 3/4 

inch (19 mm) o.c.; support with bars perpendicular to blades set 2 inches (50 mm) o.c.; and set 

into side strips suitable for mounting in ducts. 

2.5 DUCT-MOUNTED ACCESS DOORS AND PANELS 

A. General:  Fabricate doors and panels airtight and suitable for duct pressure class. 

B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets. 

C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and 

number of hinges and locks as indicated for duct pressure class.  Include vision panel where in-

dicated.  Include 1-by-1-inch (25-by-25-mm) butt or piano hinge and cam latches. 

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber. 

E. Insulation:  1-inch- (25-mm-) thick, fibrous-glass board. 

2.6 FLEXIBLE CONNECTORS 

A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with 

UL 181, Class 1. 

B. Metal-Edged Connectors:  Factory fabricated with a strip of fabric 5-3/4 inches (146 mm) wide 

attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized, 

sheet steel or 0.032-inch (0.8-mm) aluminum sheets.  Select metal compatible with connected 

ducts. 

C. Transverse Metal-Edged Connectors:  Factory fabricated with a strip of fabric 3-1/2 inches (89 

mm) wide attached to two strips of 4-3/8-inch- (111-mm-) wide, 0.028-inch- (0.7-mm-) thick, 

galvanized, sheet steel or 0.032-inch (0.8-mm) aluminum sheets.  Select metal compatible with 

connected ducts. 

D. Conventional, Indoor System Flexible Connector Fabric:  Glass fabric double coated with poly-

chloroprene. 



ROWAN COUNTY JUSTICE CENTER  OCTOBER 2018 

AIR HANDLER REPLACEMENT PROJECT 
  

 

Duct Accessories 15820 - page 5 

 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 

2. Tensile Strength:  480 lbf/inch (84 N/mm) in the warp, and 360 lbf/inch (63 N/mm) in the 

filling. 

E. Conventional, Outdoor System Flexible Connector Fabric:  Glass fabric double coated with a 

synthetic-rubber, weatherproof coating resistant to the sun's ultraviolet rays and ozone environ-

ment. 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 

2. Tensile Strength:  530 lbf/inch (93 N/mm) in the warp, and 440 lbf/inch (77 N/mm) in the 

filling. 

F. High-Temperature System Flexible Connectors:  Glass fabric coated with silicone rubber and 

having a minimum weight of 16 oz./sq. yd. (542 g/sq. m) and tensile strength of 285 lbf/inch 

(50 N/mm) in the warp, and 185 lbf/inch (32 N/mm) in the filling. 

G. High-Corrosive-Environment System Flexible Connectors:  Glass fabric coated with a chemi-

cal-resistant coating. 

1. Minimum Weight:  14 oz./sq. yd. (474 g/sq. m). 

2. Tensile Strength:  450 lbf/inch (79 N/mm) in the warp, and 340 lbf/inch (60 N/mm) in the 

filling. 

2.7 FLEXIBLE DUCTS 

A. General:  Comply with UL 181, Class 1, maximum length allowed is 36-inch (915-mm.). 

B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an outer jacket en-

closing 1-1/2-inch- (38-mm-) thick, glass-fiber insulation around a continuous inner liner. 

1. Reinforcement:  Steel-wire helix encapsulated in inner liner. 

2. Outer Jacket:  Glass-reinforced, silver Mylar with a continuous hanging tab, integral fi-

brous-glass tape, and nylon hanging cord. 

3. Inner Liner:  Polyethylene film. 

C. Pressure Rating:  6-inch wg (1500 Pa) positive, 1/2-inch wg (125 Pa) negative. 

2.8 ACCESSORY HARDWARE 

A. Flexible Duct Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band 

with a worm-gear action, in sizes 3 to 18 inches (75 to 450 mm) to suit duct size. 

B. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline 

and grease. 

PART 3 - EXECUTION 
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3.1 INSTALLATION 

A. Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct 

Construction Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass Duct 

Construction Standards" for fibrous-glass ducts. 

B. Install volume dampers in duct. 

C. Install fire and smoke dampers according to manufacturer's UL-approved written instructions. 

1. Install fusible links in fire dampers. 

D. Install duct access panels for access to both sides of duct coils.  Install duct access panels down-

stream from volume dampers, fire dampers, turning vanes, and equipment. 

1. Install duct access panels to allow access to interior of ducts for cleaning, inspecting, ad-

justing, and maintaining accessories and terminal units. 

2. Install access panels on side of duct where adequate clearance is available. 

E. Label access doors according to Division 15 Section "Mechanical Identification." 

3.2 ADJUSTING 

A. Adjust duct accessories for proper settings. 

B. Adjust fire and smoke dampers for proper action. 

C. Final positioning of manual-volume dampers is specified in Division 15 Section "Testing, Ad-

justing, and Balancing." 

END OF SECTION 15820 
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15900 – HVAC INSTRUMENTATION AND CONTROLS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes control equipment for HVAC systems and components, including control 

components for terminal heating and cooling units not supplied with factory-wired controls. 

1.3 DEFINITIONS 

A. DDC:  Direct-digital controls. 

B. LAN:  Local area network. 

C. MS/TP:  Master-slave/token-passing. 

D. PICS:  Protocol Implementation Conformance Statement. 

1.4 SYSTEM DESCRIPTION 

A. Control system consists of sensors, indicators, actuators, final control elements, interface equipment, 

other apparatus, accessories, and software connected to distributed controllers operating in multiuser, 

multitasking environment on token-passing network and programmed to control mechanical systems. 

Add to existing system. Provide an interface device from the existing Trane BAS through a gateway for 

the existing control system into the new BAS system for seamless integration. 

1.5 SEQUENCE OF OPERATION:  SEE HVAC CONTROL PLANS 

1.6 SUBMITTALS 

A. Product Data:  Include manufacturer's technical literature for each control device.  Indicate dimensions, 

capacities, performance characteristics, electrical characteristics, finishes for materials, and installation 

and startup instructions for each type of product indicated. 

1. Each control device labeled with setting or adjustable range of control. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field connection. 

1. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control devices. 
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2. Wiring Diagrams:  Power, signal, and point to point control wiring.  Differentiate between 

manufacturer-installed and field-installed wiring. 

3. Details of control panel faces, including controls, instruments, and labeling. 

4. Written description of sequence of operation. 

5. Schedule of dampers including size, leakage, and flow characteristics. 

6. Schedule of valves including leakage and flow characteristics. 

7. Trunk cable schematic showing programmable control unit locations and trunk data conductors. 

8. Listing of connected data points, including connected control unit and input device. 

9. System graphics indicating monitored systems, data (connected and calculated) point addresses, 

and operator notations. 

10. System configuration showing peripheral devices, batteries, power supplies, diagrams, modems, 

and interconnections. 

C. Samples:  For each color required, of each type of thermostat cover. 

D. Software and Firmware Operational Documentation:  Include the following: 

1. Software operating and upgrade manuals. 

2. Program Software Backup:  On a compact disc, complete with data files. 

3. Device address list. 

4. Printout of software application and graphic screens. 

5. Software license required by and installed for DDC workstations and control systems. 

E. Software Upgrade Kit:  For Owner to use in modifying software to suit future power system revisions or 

monitoring and control revisions. 

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

G. Maintenance Data:  For systems to include in maintenance manuals specified in Division 1.  Include the 

following: 

1. Maintenance instructions and lists of spare parts for each type of control device and compressed-

air station. 

2. Interconnection wiring diagrams with identified and numbered system components and devices. 

3. Keyboard illustrations and step-by-step procedures indexed for each operator function. 

4. Inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances. 

5. Calibration records and list of set points. 

H. Qualification Data:  For firms and persons specified in "Quality Assurance" Article. 

I. Project Record Documents:  Record actual locations of control components, including control units, 

thermostats, and sensors.  Revise Shop Drawings to reflect actual installation and operating sequences. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications:  An experienced installer who is an authorized representative of the automatic 

control system manufacturer for both installation and maintenance of units required for this Project. 

B. Manufacturer Qualifications:  A firm experienced in manufacturing automatic temperature-control 

systems similar to those indicated for this Project and with a record of successful in-service performance. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 

100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use. 
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D. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilation Systems." 

E. Comply with ASHRAE 135 for DDC system control components. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Factory-Mounted Components:  Where control devices specified in this Section are indicated to be 

factory mounted on equipment, arrange for shipping of control devices to unit manufacturer. 

1.9 COORDINATION 

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and room 

details before installation. 

B. Coordinate supply of conditioned electrical circuits for control units and operator workstation. 

C. Coordinate equipment with Division 16 Section "Panelboards" to achieve compatibility with starter coils 

and annunciation devices. 

D. Coordinate equipment with Division 16 Section "Motor-Control Centers" to achieve compatibility with 

motor starters and annunciation devices. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Control Systems Components: 

a. Air Monitor Corp. 

b. Belimo Aircontrols (USA), Inc. 

c. Johnson Controls, Inc.; Controls Group. 

d. Landis & Staefa, Inc. 

e. Mamac Systems. 

f. Parker Hannifin Corp.; Skinner Valve Division. 

g. TSI Inc.; Environmental Measurements & Controls Div. 

h. Alerton Technologies, Inc. 

2. DDC Systems: 

a. Alerton Technologies, Inc. 

b. Johnson Controls, Inc.; Controls Group. 

c. Carrier. 

d. Siebe Environmental Controls; Barber-Coleman/Robertshaw Products. 

e. Trane Co. (The); North American Commercial Group. 

2.2 DDC EQUIPMENT 

A. Application Software:  Include the following: 
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1. Input/output capability from operator station. 

2. Operator system access levels via software password. 

3. Database creation and support. 

4. Dynamic color graphic displays. 

5. Alarm processing. 

6. Event processing. 

7. Automatic restart of field equipment on restoration of power. 

8. Data collection. 

9. Graphic development on workstation. 

10. Maintenance management. 

B. Control Units:  Modular, comprising processor board with programmable, nonvolatile, random-access 

memory; local operator access and display panel; integral interface equipment; and backup power source. 

1. Units monitor or control each input/output point; process information; execute commands from 

other control units, devices, and operator stations; and download from or upload to operator 

station. 

2. Stand-alone mode control functions operate regardless of network status.  Functions include the 

following: 

a. Global communications. 

b. Discrete/digital, analog, and pulse input/output. 

c. Monitoring, controlling, or addressing data points. 

d. Testing and developing control algorithms without disrupting field hardware and controlled 

environment. 

3. Local operator interface provides for download from or upload to mobile operator station. 

C. Local Control Units:  Modular, comprising processor board with electronically programmable, 

nonvolatile, read-only memory; and backup power source. 

1. Units monitor or control each input/output point; process information; and download from or 

upload to operator station. 

2. Stand-alone mode control functions operate regardless of network status.  Functions include the 

following: 

a. Global communications. 

b. Discrete/digital, analog, and pulse input/output. 

c. Monitoring, controlling, or addressing data points. 

3. Local operator interface provides for download from or upload to mobile operator station. 

D. LANs:  Capacity for a minimum of 10 workstations connected to multiuser, multitasking environment 

with concurrent capability to access DDC network or control units. 

1. Media:  Ethernet, peer-to-peer CMA/CD, operating at 10 MBps. 

E. Software:  Update to latest version of software at Project completion.  Include and implement the 

following capabilities from the control units: 

1. Units of Measure:  Inch-pound and SI (metric). 

2. Load Control Programs:  Demand limiting, duty cycling, automatic time scheduling, start/stop 

time optimization, night setback/setup, DDC with fine tuning, and trend logging. 

3. HVAC Control Programs:  Optimal run time, supply-air reset, and enthalpy switchover. 
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4. Programming Application Features:  Include trend point, alarm messages, weekly scheduling, and 

interlocking. 

2.3 CONTROL PANELS 

A. Central (Master) Control Panels:  Fully enclosed, steel-rack-type cabinet with locking doors or locking 

removable backs.  Match finish of panels. 

B. Local Control Panels:  Unitized cabinet with suitable brackets for wall or floor mounting, located 

adjacent to each system under automatic control.  Provide common keying for all panels. 

1. Fabricate panels of 0.06-inch- (1.5-mm-) thick, furniture-quality steel, or extruded-aluminum 

alloy, totally enclosed, with hinged doors and keyed lock and with manufacturer's standard shop-

painted finish. 

2.4 SENSORS 

A. Electronic Sensors:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as required. 

1. Resistance Temperature Detectors:  Platinum. 

a. Accuracy:  Plus or minus 0.2 percent at calibration point. 

b. Wire:  Twisted, shielded-pair cable. 

c. Insertion Elements in Ducts:  Single point, 18 inches (46 cm) long; use where not affected 

by temperature stratification or where ducts are smaller than 9 sq. ft. (1 sq. m). 

d. Averaging Elements in Ducts:  72 inches (183 cm) long, flexible; use where prone to 

temperature stratification or where ducts are larger than 9 sq. ft. (1 sq. m); length as 

required. 

e. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-1/2 

inches (64 mm). 

f. Room Sensors:  Match room thermostats, locking cover. 

g. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 

h. Room Security Sensors:  Stainless-steel cover plate with insulated back and security 

screws. 

2. Humidity Sensors:  Bulk polymer sensor element. 

a. Accuracy:  5 percent full range with linear output. 

b. Duct and Outside-Air Sensors:  With element guard and mounting plate, range of 0 to 100 

percent relative humidity. 

3. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected input, and 

temperature compensated. 

a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent. 

b. Output:  4 to 20 mA. 

c. Building Static-Pressure Range:  0 to 0.25 inch wg (0 to 62 Pa). 

d. Duct Static-Pressure Range:  0 to 5 inches wg (0 to 1243 Pa). 

4. Pressure Transmitters:  Direct acting for gas, liquid, or steam service; range suitable for system; 

proportional output 4 to 20 mA. 

B. Equipment operation sensors as follows: 
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1. Status Inputs for Fans:  Differential-pressure switch with adjustable range of 0 to 5 inches wg (0 to 

1243 Pa). 

2. Status Inputs for Pumps:  Differential-pressure switch piped across pump with adjustable pressure-

differential range of 8 to 60 psig (55 to 414 kPa). 

3. Status Inputs for Electric Motors:  Current-sensing relay with current transformers, adjustable and 

set to 175 percent of rated motor current. 

C. Electronic Valve/Damper Position Indication:  Visual scale indicating percent of travel and 2- to 10-V dc, 

feedback signal. 

D. Water-Flow Switches:  Pressure-flow switches of bellows-actuated mercury or snap-acting type, with 

appropriate scale range and differential adjustment, with stainless-steel or bronze paddle.  For chilled-

water applications, provide vaporproof type. 

2.5 ACTUATORS 

A. Electronic Damper and Large-Valve Actuators:  Direct-coupled type designed for minimum 60,000 full-

stroke cycles at rated torque. 

1. Valves:  Size for torque required for valve close-off at maximum pump differential pressure. 

2. Dampers:  Size for running torque calculated as follows: 

a. Parallel-Blade Damper with Edge Seals:  7 inch-pounds/sq. ft. (86.8 kg-cm/sq. m) of 

damper. 

b. Opposed-Blade Damper with Edge Seals:  5 inch-pounds/sq. ft. (62 kg-cm/sq. m) of 

damper. 

c. Parallel-Blade Damper without Edge Seals:  4 inch-pounds/sq. ft (49.6 kg-cm/sq. m) of 

damper. 

d. Opposed-Blade Damper without Edge Seals:  3 inch-pounds/sq. ft. (37.2 kg-cm/sq. m) of 

damper. 

e. Dampers with 2 to 3 Inches wg (500 to 750 Pa) of Pressure Drop or Face Velocities of 

1000 to 2500 FPM (5 to 13 m/s):  Multiply the minimum full-stroke cycles above by 1.5. 

f. Dampers with 3 to 4 Inches wg (750 to 1000 Pa) of Pressure Drop or Face Velocities of 

2500 to 3000 FPM (13 to 15 m/s):  Multiply the minimum full-stroke cycles above by 2.0. 

3. Coupling:  V-bolt and V-shaped, toothed cradle. 

4. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 

5. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual gear 

release on non-spring-return actuators. 

6. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac. 

7. Proportional Signal:  4 to 20 mA, and 2- to 10-V dc position feedback signal. 

8. Temperature Rating:  Minus 22 to plus 122 deg F (minus 30 to plus 50 deg C). 

9. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F (minus 30 to plus 121 deg C). 

10. Run Time:  12 seconds open, 5 seconds closed.  

2.6 CONTROL VALVES 

A. Control Valves:  Factory fabricated, of type, body material, and pressure class based on maximum 

pressure and temperature rating of piping system, unless otherwise indicated. 

B. Globe Valves NPS 2 (DN 50) and Smaller:  Bronze body, bronze trim, rising stem, renewable 

composition disc, and screwed ends with backseating capacity repackable under pressure. 
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C. Globe Valves NPS 2-1/2 (DN 65) and Larger:  Iron body, bronze trim, rising stem, plug-type disc, 

flanged ends, and renewable seat and disc. 

D. Hydronic system globe valves shall have the following characteristics: 

1. Rating:  Class 125 for service at 125 psig (862 kPa) and 250 deg F (121 deg C) operating 

conditions. 

2. Internal Construction:  Replaceable plugs and seats of stainless steel or brass. 

a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug on top and 

bottom of guided plugs. 

b. Double-Seated Valves:  Balanced plug; cage trim provides seating and guiding surfaces for 

plugs on top and bottom of guided plugs. 

3. Sizing:  5-psig (35-kPa) maximum pressure drop at design flow rate. 

4. Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-way 

valves shall have linear characteristics.  Operators shall close valves against pump shutoff head. 

E. Butterfly Valves:  200-psig (1380-kPa), 150-psig (1035-kPa) maximum pressure differential, 

ASTM A 126 cast-iron or ASTM A 536 ductile-iron body and bonnet, extended neck, stainless-steel 

stem, field-replaceable EPDM or Buna N sleeve and stem seals. 

1. Body Style: Lug. 

2. Disc Type:  Aluminum bronze. 

3. Sizing:  1-psig (7-kPa) maximum pressure drop at design flow rate. 

2.7 DAMPERS 

A. Dampers:  AMCA-rated, opposed-blade design; 0.1084-inch (2.8-mm) minimum, galvanized-steel frames 

with holes for duct mounting; damper blades shall not be less than 0.0635-inch (1.6-mm) galvanized steel 

with maximum blade width of 8 inches (203 mm). 

1. Blades shall be secured to 1/2-inch- (13-mm-) diameter, zinc-plated axles using zinc-plated 

hardware, with nylon blade bearings, blade-linkage hardware of zinc-plated steel and brass, ends 

sealed against spring-stainless-steel blade bearings, and thrust bearings at each end of every blade. 

2. Operating Temperature Range:  From minus 40 to plus 200 deg F (minus 40 to plus 93 deg C). 

3. For low-leakage applications, use opposed-blade design with inflatable seal blade edging, or 

replaceable rubber seals, rated for leakage at less than 10 cfm per sq. ft. (51 L/s per sq. m) of 

damper area, at differential pressure of 4 inches wg (995 Pa) when damper is being held by torque 

of 50 in. x lbf (5.6 N x m); when tested according to AMCA 500D. 

2.8 AIR SUPPLY 

A. Control and Instrumentation Tubing:  Type L, seamless copper tubing complying with ASTM B 88 

(ASTM B 88M) or Type ACR, copper tubing complying with ASTM B 280. 

1. Fittings:  Cast-bronze solder fittings complying with ASME B16.18; or wrought-copper solder 

fittings complying with ASME B16.22, except forged-brass compression-type fittings at 

connections to equipment. 

2. Joining Method:  Soldered or brazed. 

B. System Accessories:  Air filter rated for 97 percent efficiency at rated airflow, and combination 

filter/pressure-reducing station or separate filter and pressure-reducing station. 
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C. Refrigerated Air Dryer:  Self-contained, refrigerated air dryer complete with heat exchangers, moisture 

separator, internal wiring and piping, and with manual bypass valve. 

1. Heat Exchangers:  Air-to-refrigerant coils with centrifugal-type moisture separator and automatic 

trap assembly. 

2. Refrigeration Unit:  Hermetically sealed, operating to maintain dew point of 13 deg F (minus 11 

deg C) at 20 psig (138 kPa), housed in steel cabinet with access door and panel. 

3. Accessories:  Air-inlet temperature gage, air-inlet pressure gage, on-off switch, high-temperature 

light, power-on light, refrigerant gage on back, air-outlet temperature gage, air-outlet pressure 

gage, and with contacts for remote indication of power status and high-temperature alarm. 

D. Pressure Gages:  Black letters on white background, 2-1/2-inch (64-mm) diameter, flush or surface 

mounted, with front calibration screw to match sensor, in appropriate units. 

E. Gage Cocks:  Tee or level handle, bronze, rated for 125 psig (862 kPa). 

F. Pressure Regulators:  Zinc or aluminum castings with elastomeric diaphragm, balanced construction to 

automatically prevent pressure build-up, and producing flat reduced-pressure curve. 

G. Particle Filters:  Zinc or aluminum castings with 97 percent filtration efficiency at rated airflow, quick-

disconnect service devices, and aluminum or plastic bowl with metal guard and manual drain cock. 

H. Combination Filter/Regulators:  Zinc or aluminum castings with elastomeric diaphragm, balanced 

construction to automatically prevent pressure build-up, and producing flat reduced-pressure curve; with 

threaded pipe connections, quick-disconnect service devices, and aluminum or plastic bowl with metal 

guard and manual drain cock. 

I. Pressure Relief Valves:  ASME rated and labeled. 

1. High Pressure:  Size for installed capacity. 

2. Low Pressure:  Size for installed capacity of pressure regulators and set at 20 percent above low 

pressure. 

2.9 CONTROL CABLE 

A. Electronic and Fiber-Optic Cable for Control Wiring:  As specified in Division 16 Section 

"Control/Signal Transmission Media." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that conditioned power supply is available to control units and operator workstation. 

B. Verify that duct-, pipe-, and equipment-mounted devices and wiring and pneumatic piping are installed 

before proceeding with installation. 

3.2 INSTALLATION 

A. Install equipment level and plumb. 
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B. Install software in control units and operator workstation.  Implement all features of programs to 

specified requirements and as appropriate to sequence of operation. 

C. Connect and configure equipment and software to achieve sequence of operation specified. 

D. Verify location of space temperature sensors, and other exposed control sensors with plans and room 

details before installation.  Locate all 60 inches (1524 mm) above the floor. 

1. Install averaging elements in ducts and plenums in crossing or zigzag pattern. 

E. Install guards on thermostats in the following locations: 

1. Entrances. 

2. Public areas. 

F. Install automatic dampers according to Division 15 Section "Duct Accessories." 

G. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor temperatures. 

H. Install labels and nameplates to identify control components according to Division 15 Section 

"Mechanical Identification." 

I. Install hydronic instrument wells, valves, and other accessories according to Division 15 Section 

"Hydronic Piping." 

J. Install duct volume-control dampers according to Division 15 Sections specifying air ducts. 

K. Install electronic and fiber-optic cables according to Division 16 Section "Control/Signal Transmission 

Media." 

3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION 

A. Install raceways, boxes, and cabinets according to Division 16 Section "Raceways and Boxes." 

B. Install building wire and cable according to Division 16 Section "Conductors and Cables." 

C. Install signal and communication cable according to Division 16 Section "Control/Signal Transmission 

Media." 

1. Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed. 

2. Install exposed cable in raceway. 

3. Install concealed cable in raceway. 

4. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against abrasion.  

Tie and support conductors. 

5. Number-code or color-code conductors for future identification and service of control system, 

except local individual room control cables. 

D. Connect manual-reset limit controls independent of manual-control switch positions.  Automatic duct 

heater resets may be connected in interlock circuit of power controllers. 

E. Connect hand-off-auto selector switches to override automatic interlock controls when switch is in hand 

position but not to override manual or hard wired interlock controls. 
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3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general 

arrangement of piping, fittings, and specialties. 

1. Install piping adjacent to machine to allow service and maintenance. 

B. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 

UL 486A and UL 486B. 

3.5 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-

assembled components and equipment installation, including piping and electrical connections.  Report 

results in writing. 

1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no 

leaks exist. 

2. Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit 

operation.  Remove malfunctioning units, replace with new units, and retest. 

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

equipment, and retest. 

4. Pressure test control air piping at 30 psig (207 kPa) or 1.5 times the operating pressure for 24 

hours, with maximum 5-psig (35-kPa) loss. 

5. Calibration test  all pneumatic and electronic controllers by disconnecting input sensors and 

stimulating operation with compatible signal generator. 

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

C. Replace damaged or malfunctioning controls and equipment. 

1. Start, test, and adjust control systems. 

2. Demonstrate compliance with requirements, including calibration and testing, and control 

sequences. 

3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation specified. 

D. Verify DDC as follows: 

1. Verify software including automatic restart, control sequences, scheduling, reset controls, and 

occupied/unoccupied cycles. 

2. Verify operation of operator workstation. 

3. Verify local control units including self-diagnostics. 

3.6 DEMONSTRATION 

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

operate, and maintain control systems and components. 

1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping, 

troubleshooting, servicing, and maintaining equipment and schedules. 
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2. Provide operator training on data display, alarm and status descriptors, requesting data, executing 

commands, calibrating and adjusting devices, resetting default values, and requesting logs.  

Include a minimum of 8 hours' dedicated instructor time on-site. 

3. Review data in maintenance manuals.  Refer to Division 1 Section "Operation and Maintenance 

Data." 

4. Schedule training with Owner, through Architect, with at least seven days' advance notice. 

3.7 ON-SITE ASSISTANCE 

A. Occupancy Adjustments:  Within one year of date of Substantial Completion, provide up to three Project 

site visits, when requested by Owner, to adjust and calibrate components and to assist Owner's personnel 

in making program changes and in adjusting sensors and controls to suit actual conditions. 

END OF SECTION 15900 
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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 Condi-

tions 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 objec-

tives, 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. 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 in-

cluded 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. 
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F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  In a 

closed system, static head is equal on both sides of the pump. 

G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction side. 

H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that cause 

reduced capacities in all or part of a system. 

I. System Effect Factors:  Allowances used to calculate a reduction of the performance ratings of a 

fan when installed under conditions different from those presented when the fan was perfor-

mance 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. AMCA:  Air Movement and Control Association. 

N. CTI:  Cooling Tower Institute. 

O. NEBB:  National Environmental Balancing Bureau. 

P. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association. 

1.4 SUBMITTALS 

A. Quality-Assurance Submittals:  Within 30 days from the Contractor's Notice to Proceed, submit 

2 copies of evidence that the testing, adjusting, and balancing Agent and this Project's testing, 

adjusting, and balancing team members meet the qualifications specified in the "Quality Assur-

ance" Article below. 

B. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as 

specified in this Section, on approved forms certified by the testing, adjusting, and balancing 

Agent. 

1.5 QUALITY ASSURANCE 

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

B. 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, ad-

justing, and balancing reports. 
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2. Certify that the testing, adjusting, and balancing team complied with the approved test-

ing, adjusting, and balancing plan and the procedures specified and referenced in this 

Specification. 

C. Testing, Adjusting, and Balancing Reports:  Use standard forms from NEBB's "Procedural 

Standards for Testing, Adjusting, and Balancing of Environmental Systems." 

D. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards 

for Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required In-

strumentation for NEBB Certification." 

1.6 PROJECT CONDITIONS 

A. Partial Owner Occupancy:  The Owner may occupy completed areas of the building before Sub-

stantial Completion.  Cooperate with the Owner during testing, adjusting, and balancing opera-

tions to minimize conflicts with the Owner's operations. 

1.7 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, 

HVAC controls installers, and other mechanics to operate HVAC systems and equipment to 

support and assist testing, adjusting, and balancing activities. 

B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and times. 

C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water dis-

tribution systems have been satisfactorily completed. 

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 sys-

tems 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 de-

vices are accessible and appropriate for effective balancing and for efficient system and 

equipment operation. 

B. Examine approved submittal data of HVAC systems and equipment. 
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C. Examine equipment performance data, including fan and pump curves.  Relate performance da-

ta 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 con-

ditions different from those presented when the equipment was performance tested at the facto-

ry.  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. 

D. 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. 

E. Examine system and equipment test reports. 

F. 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. 

G. Examine systems for functional deficiencies that cannot be corrected by adjusting and balanc-

ing. 

H. 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 opera-

tion. 

I. 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. 

J. Examine plenum ceilings, utilized for supply air, to verify that they are airtight.  Verify that 

pipe penetrations and other holes are sealed. 

K. Examine strainers for clean screens and proper perforations. 

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

fluid flows. 

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

N. Report deficiencies discovered before and during performance of testing, adjusting, and balanc-

ing procedures. 

3.2 PREPARATION 

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

dures. 

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

1. Permanent electrical power wiring is complete. 
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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 ac-

cess 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 NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Sys-

tems" and this Section. 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the mini-

mum extent necessary to allow adequate performance of procedures.  After testing and balanc-

ing, close probe holes and patch insulation with new materials identical to those removed.  Re-

store vapor barrier and finish according to the insulation Specifications for this Project. 

C. Mark equipment settings with paint or other suitable, permanent identification material, includ-

ing damper-control positions, valve indicators, fan-speed-control levers, and similar controls 

and devices, to show final settings. 

3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recom-

mended testing procedures.  Crosscheck the summation of required outlet volumes with re-

quired fan volumes. 

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

C. Check the airflow patterns from the outside-air louvers and dampers and the return- and ex-

haust-air dampers, through the supply-fan discharge and mixing dampers. 

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

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

F. Check for airflow blockages. 

G. Check condensate drains for proper connections and functioning. 

H. 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 sys-

tems.  Additional procedures are required for variable-air-volume, multizone, dual-duct, induc-
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tion-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 re-

strictions. 

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. 

3. Measure static pressures entering and leaving other devices such as sound traps, heat re-

covery 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 calcu-

lated system effect factors to identify where variations occur.  Recommend corrective ac-

tion 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 accommo-

date 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 heat-

ing, 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 air-

flows within specified tolerances. 

1. Measure static pressure at a point downstream from the balancing damper and adjust vol-

ume 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 ad-

just submains and branch ducts to design airflows within specified tolerances. 

D. Measure terminal outlets and inlets without making adjustments. 
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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 Con-

tract Documents. 

F. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.6 FUNDAMENTAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data and number in sequence starting at pump to end 

of system.  Check the sum of branch-circuit flows against approved pump flow rate.  Correct 

variations that exceed plus or minus 5 percent. 

B. Prepare hydronic systems for testing and balancing according to the following, in addition to the 

general preparation procedures specified above: 

1. Open all manual valves for maximum flow. 

2. Check expansion tank liquid level. 

3. Check makeup-water-station pressure gage for adequate pressure for highest vent. 

4. Check flow-control valves for specified sequence of operation and set at design flow. 

5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 

fully closed position when pump is positive-displacement type, unless several terminal 

valves are kept open. 

6. Set system controls so automatic valves are wide open to heat exchangers. 

7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded. 

8. Check air vents for a forceful liquid flow exiting from vents when manually operated. 

3.7 HYDRONIC SYSTEMS' BALANCING PROCEDURES 

A. Determine water flow at pumps.  Use the following procedures, except for positive-

displacement pumps: 

1. Verify impeller size by operating the pump with the discharge valve closed.  Verify with 

the pump manufacturer that this will not damage pump.  Read pressure differential across 

the pump.  Convert pressure to head and correct for differences in gage heights.  Note the 

point on the manufacturer's pump curve at zero flow and confirm that the pump has the 

intended impeller size. 

2. Check system resistance.  With all valves open, read pressure differential across the 

pump and mark the pump manufacturer's head-capacity curve.  Adjust pump discharge 

valve until design water flow is achieved. 

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the 

system based on the pump manufacturer's performance data.  Compare calculated brake 
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horsepower with nameplate data on the pump motor.  Report conditions where actual 

amperage exceeds motor nameplate amperage. 

4. Report flow rates that are not within plus or minus 5 percent of design. 

B. Set calibrated balancing valves, if installed, at calculated presettings. 

C. Measure flow at all stations and adjust, where necessary, to obtain first balance. 

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop re-

lationship may be used as a flow-indicating device. 

D. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 

percent greater than design flow. 

E. Adjust balancing stations to within specified tolerances of design flow rate as follows: 

1. Determine the balancing station with the highest percentage over design flow. 

2. Adjust each station in turn, beginning with the station with the highest percentage over 

design flow and proceeding to the station with the lowest percentage over design flow. 

3. Record settings and mark balancing devices. 

F. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 

heads, and systems' pressures and temperatures, including outdoor-air temperature. 

G. Measure the differential-pressure control valve settings existing at the conclusions of balancing. 

3.8 HEAT EXCHANGERS 

A. Measure water flow through all circuits. 

B. Adjust water flow to within specified tolerances. 

C. Measure inlet and outlet water temperatures. 

D. Measure inlet steam pressure.  Check the setting and operation of automatic temperature-control 

valves, self-contained control valves, and pressure-reducing valves. 

E. Record safety valve settings. 

3.9 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. 
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3.10 HEAT-TRANSFER COILS 

A. Water Coils:  Measure the following data for each coil: 

1. Entering- and leaving-water temperatures. 

2. Water flow rate. 

3. Water pressure drop. 

4. Dry-bulb temperatures of entering and leaving air. 

5. Wet-bulb temperatures of entering and leaving air for cooling coils designed for less than 

7500 cfm (3540 L/s). 

6. Airflow. 

7. Air pressure drop. 

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. Status Reports:  As Work progresses, prepare reports to describe completed procedures, proce-

dures 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 build-

ing 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 

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 bal-

ancing 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. 
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D. General Report Data:  In addition to the form titles and entries, include the following data in the 

final report, as applicable: 

1. Title page. 

2. Name and address of testing, adjusting, and balancing Agent. 

3. Project name. 

4. Project location. 

5. Engineer's name and address. 

6. Contractor's name and address. 

7. Report date. 

8. Signature of testing, adjusting, and balancing Agent who certifies the report. 

9. Summary of contents, including the following: 

a. Design versus final performance. 

b. Notable characteristics of systems. 

10. Nomenclature sheets for each item of equipment. 

11. Data for terminal units, including manufacturer, type size, and fittings. 

12. Notes to explain why certain final data in the body of reports vary from design values. 

13. 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. Fan drive settings, including settings and percentage of maximum pitch diameter. 

e. Other system operating conditions that affect performance. 

E. 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. Unit arrangement and class. 

f. Discharge arrangement. 

g. Sheave make, size in inches (mm), and bore. 

h. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 

i. Number of belts, make, and size. 

j. Number of filters, type, and size. 

2. Motor Data:  Include the following: 

a. Make and frame type and size. 

b. Horsepower and rpm. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches (mm), and bore. 

f. Sheave dimensions, center-to-center and amount of adjustments in inches (mm). 
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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. 

F. Apparatus-Coil Test Reports:  For apparatus coils, include the following: 

1. Coil Data:  Include the following: 

a. System identification. 

b. Location. 

c. Coil type. 

d. Number of rows. 

e. Fin spacing in fins per inch (mm o.c.). 

f. Make and model number. 

g. Face 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. Average face velocity in fpm (m/s). 

c. Air pressure drop in inches wg (Pa). 

d. Outside-air, wet- and dry-bulb temperatures in deg F (deg C). 

e. Return-air, wet- and dry-bulb temperatures in deg F (deg C). 

f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C). 

g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C). 

h. Water flow rate in gpm (L/s). 

i. Water pressure differential in feet of head or psig (kPa). 

j. Entering-water temperature in deg F (deg C). 

k. Leaving-water temperature in deg F (deg C). 

l. Inlet steam pressure in psig (kPa). 

G. 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. 
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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: 

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). 

H. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid repre-

senting 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). 

I. 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 type and model number. 

g. Air-terminal-device size. 

2. Test Data:  Include design and actual values for the following: 
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a. Airflow rate in cfm (L/s). 

b. Preliminary airflow rate as needed in cfm (L/s). 

c. Final airflow rate in cfm (L/s). 

J. System-Coil Reports:  For reheat coils and water coils of terminal units, include the following: 

1. Unit Data:  Include the following: 

a. System and air-handling unit identification. 

b. Location and zone. 

c. Room or riser served. 

d. Coil make and size. 

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

a. Airflow rate in cfm (L/s). 

b. Entering-water temperature in deg F (deg C). 

c. Leaving-water temperature in deg F (deg C). 

d. Water pressure drop in feet of head or psig (kPa). 

e. Entering-air temperature in deg F (deg C). 

f. Leaving-air temperature in deg F (deg C). 

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

a. Duct airflow rate in cfm (L/s). 

b. Inlet-duct static pressure in inches wg (Pa). 

c. Outlet-duct static pressure in inches wg (Pa). 

d. Average entering-air, wet-bulb temperature in deg F (deg C). 

e. Average leaving-air, wet-bulb temperature in deg F (deg C). 

f. Ambient wet-bulb temperature in deg F (deg C). 

END OF SECTION 15990 
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SECTION 16010 ELECTRICAL 
 

GENERAL REQUIREMENTS 
 

A: GENERAL 
 

1. The 'Instructions to Bidders', 'General Conditions', and 'General Requirements' of the Architectural 

Specifications, govern work under this section. 

 

2. It is understood and agreed that the electrical contractor has, by careful examination of the plans and 

specifications, and the site where appropriate, satisfied him as to the nature and location of the work and all 

conditions which must be met in order to carry out the work under this section of the contract. 

 

3. SCOPE 

 

a. The contract drawings are diagrammatic and are not intended to show every detail of construction, or 

every item of material or equipment required. The Contractor shall furnish all labor, materials and equipment 

and perform all operations necessary for installation of complete electrical systems as indicated on the 

Drawings and as specified herein. It is the intention of these specifications and drawings to provide finished 

work, tested, and ready for operation. 

 

b. The scope of the work shall include but not be limited to the following: 

Installation of the power supporting the AHU project. 

4. CONTRACT DOCUMENTS: 

 

a. Contractor shall maintain on the job site one complete set of contract documents of all trades, and shall 

coordinate with other trades so as to avoid conflicts. 

 

b. Indicated locations of outlets, equipment connections, etc. are approximate and shall be verified by 

reference to related documents (i.e. Architectural casework drawings, equipment shop drawings, etc.) 

 

5. RECORD DRAWINGS: 

 

a. During construction of this project, the contractor shall maintain one complete set of electrical contract 

drawings, on which shall be recorded all significant changes in equipment locations, circuit assignments, etc. 

This set of drawings shall be used for no other purpose. Upon completion of the work, contractor shall submit 

these drawings to the Architect/Engineer for approval and presentation to the Owner. 

 

b. Upon completion of the project, contractor shall prepare an operation and maintenance manual, which 

shall include catalog data, equipment information, wiring diagrams, warranty information, etc. for the electrical 

installation. Submit in five copies to the Architect/Engineer for approval and presentation to the Owner. 

 

6. REGULATIONS AND COMPLIANCE: 

 

a. Latest editions of National Electrical Code and any other state or local codes or ordinances govern this 

work. All their requirements shall be satisfied. 

 

b. The applicable provisions of the following specifications and standards shall form a part of these 

specifications: National Electric Code, Underwriters' Laboratories Incorporated, National Fire Protection 

Association, and National Electrical Manufacturers Association. 
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c. This Contractor shall secure and pay for all permits, fees, inspections and licenses required. Upon 

completion of job he shall present to the Architect/Engineer a certificate of inspection and approval from 

inspection authorities. 

 

d. Requirements of Power Utility or Telephone Company which apply to the work shall be met. Contractor 

shall install and connect all Utility supplied equipment such as current transformers and cabinets, meters and 

boxes, etc. 

 

7. TEST, GUARANTEE, AND WARRANTIES: 

 

a. Upon completion of work contractor shall demonstrate installation and make such tests as may be 

required to satisfy the Architect/Engineer and Owner that work is installed in accordance with Drawings, 

Specifications and instructions. 

 

b. Contractor shall guarantee the work done in accordance with Drawings and Specifications, and to be free 

of imperfect materials and defective workmanship.  Anything unsatisfactory shall be corrected immediately 

and at contractor's expense. 

 

c. For a period of one year after acceptance contractor shall replace, without any expense to the Owner, any 

imperfect materials or defective workmanship. 

 

d. The Contractor shall compile and assemble the warranties of materials and equipment etc. in a three ring 

binder, tabulated and indexed for easy reference with complete warranty information. Each item covered shall 

include the date of beginning, duration, name, addresses, telephone numbers, and procedures for obtaining 

warranty services. 

 

8. TEMPORARY ELECTRICAL SERVICE 

 

a. The electrical contractor shall be responsible for all arrangements and costs for providing at the site 

metering, main switches, and distribution panels etc. as required for construction purposes. The distribution 

and power to job trailers, etc. 

 

B: MATERIALS 

 

1 GENERAL: 

 

a. All materials shall be new, with required Underwriter's Laboratories label, and manufacturer's label or 

nameplate giving complete electrical data. 

 

b. Where a manufacturer's catalog number is used, all parts shall be furnished to make it complete and for 

the construction intended. 

 

2 SUBMITTALS, ETC.: 

 

a. Within twenty days after award of contract, contractor shall submit to Architect/Engineer a complete list 

of triplicate of the materials be proposes to use. 

 

b. Materials shall be make and number given in these Specifications or shown on Drawings, or approved 

equal. If contractor wishes to furnish another make or number he shall furnish complete, detailed data and 

obtain approval of it in writing from the Architect/Engineer. 

 

c. Submit cuts of fixture, shop drawings on panels, and any other descriptive materials requested, in six 

copies. The cut sheets shall reference the specification number on the cover. 

 

d. Materials should be inspected upon their arrival at the Site to be sure they are correct. Completely 

adequate housing shall be provided on the Site for orderly and careful storage of all materials and equipment. 
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C EXECUTION 

 

1 EXCAVATION: 

 

a. Required excavation for installation of all electrical work shall be provided by the Electrical Contractor. 

 

2 CUTTING, PATCHING, ETC.: 

 

a. Contractor shall place his own sleeves and advise other trades of required chases and openings so they 

can be properly built in. Where any raceways, supports etc. installed under this Contract pierce the roof, 

suitable pitch pockets shall provided and coordinated with the roofing contractor as necessary to be acceptable 

to the Architect. Provide suitable fittings where any raceways or equipment cross expansion joints. 

 

b. Permitted cutting or patching necessary shall be done by contractor. Structural members shall not be cut 

except by written permission of Architect/Engineer. 

 

3 CLEANING, ETC. 

 

a. Contractor shall properly protect his work against damage by weather or other trades. All work shall be 

left well cleaned, and damaged finishes shall be restored to original condition. 

 

b. Contractor shall keep premises free of debris resulting from this work. 

 

4 PAINTING, FINISHING: 

 

a. Suitable finishes shall be provided on all items of electrical equipment, conduit, etc. which are exposed. 

This shall consist of either an acceptable finish as manufactured and supplied to the job or application of 

suitable finishes after installation. 

 

b. Where installed in finished areas, exposed equipment, raceways, etc. (e.g. panel covers, wiremold, etc.) 

shall be supplied with prime coat, and shall be professionally painted or enameled as directed to match or blend 

with adjacent surfaces. 

 

c. In unfinished areas, such as equipment rooms, etc. exposed equipment shall be furnished with suitable 

factory applied finishes. (e.g. standard gray enamel finishes for panelboards, etc.). 

 

d. Equipment furnished in finishes such as stainless steel, brushed aluminum, etc. shall not be painted. 

 

e. All finishing shall be as directed by and shall be satisfactory to the Architect/Engineer. 

 

5 EQUIPMENT LABELS, ETC.: 

 

a. Suitable labels shall be provided for the identification of major items of electrical equipment including 

switchboards, panelboards, motor starters, safety switches, enclosed circuit breaker, etc. 

 

b. Labels shall be of ungraved plastic laminate, not less than 1/16" thick, with white letters on black field. 

 

c. Engraving shall be of professional quality, with block style letters, minimum 1/4" high. 

 

d. Nameplates shall be attached with sheet metal screws or with epoxy glue. 

 
 

END OF SECTION 16010 
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SECTION 16110 
 

RACEWAYS AND FITTINGS 
 

A: GENERAL 
 

1. SCOPE: 
 

a. Provide a complete system of raceways for the installation of wiring as indicated on the drawings, as 

herein specified, and as required by applicable codes. 

 

b. All wiring shall be installed in raceways unless specifically noted otherwise. 

 

c. Conduit shall not be less than 3/4". 

 

B: PRODUCTS 

 

1. MANUFACTURERS: 

 

a. Metal raceway system components shall be as manufactured by G.E., Kaiser, Republic, T & B, or 

other approved manufacturers. 

 

b. Non-metallic raceway system components shall be as manufactured by Carlon, Queen City Plastics, 

or other approved manufacturers. 

 

2. APPLICATIONS: 

 

a. Raceways shall be of metal except as specifically noted, or where non-metallic raceway is permitted 

by these specifications. 

 

b. Use heavy wall rigid metal conduit (RMC) for any metal conduit run underground or in poured 

concrete. 

 

c. Use heavy wall metal conduit (RMC) or intermediate metal conduit (IMC) for any conduit exposed 

below a height of 60" and for any metal raceway larger than 2" diameter. 

 

d. Electric metallic tubing (EMT) for most other general applications. 

 

e. Flexible conduit for appropriate applications. Galvanized type for dry locations. Liquid-tight type 

for wet locations, or as noted. Flexible conduit shall be minimum 1/2" diameter. Liquid-tight flexible 

metal conduit shall be used for final connection to all motors, transformers, and other rotating or vibrating 

equipment. Flexible metal conduit shall be used for final connection to fluorescent lighting fixtures 

mounted in or on suspended ceilings, and similar applications. 

 

f. Non-metallic raceway shall be minimum schedule 40 PVC. In general non-metallic raceway will be 

permitted for use underground or in poured concrete (including panel feeders, etc.). Non-metallic raceways 

will not be permitted for any exposed work or for raceways in ceiling spaces, etc. 

 

g. No raceway may be exposed in any finished space unless specifically so approved. 

 

h. Raceways exposed in finished spaces shall be of an appropriate type "wiremold" type surface 

raceway or approval equal. 
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3. COUPLINGS, CONNECTIONS, ETC.: 

a. EMT couplings and connectors shall be compression gland type of steel. Connectors shall be 

insulated throat type. 

 

b. Flexible conduit connectors shall be T & B "Tite-Bite" type or approved equal, with insulated throats 

and "anti-short" bushings. 

 

c. "Split" or "Erickson" couplings shall be manufactured by O.Z. or approved equal. 

 

C: EXECUTION 

 

1. INSTALLATION: 

 

a. Heavy wall and intermediate metal conduit to be made up with full threads, to which a conductive 

pipe compound (T & B Kopr-Shield or equal) has been applied, and butted in couplings. 

 

b. Underground runs shall have minimum of 24" cover, filled and tamped in 6" layers. 

 

c. Support conduits with approved straps or hangers within one foot of each termination and 5'0" o.c. 

(maximum) in runs. 

 

d. All raceways shall be concealed unless specifically shown or approved otherwise. 

 

e. Make all cuts square. Remove any burrs by reaming. 

 

f. EMT shall be attached to boxes or enclosures with approved couplings only. 

 

g. RMC or IMC shall be attached to boxes or enclosures with double locknuts (one inside and one 

outside) and insulating bushing. 

 

h. All junction boxes, cabinets, switches, light fixtures, and other electrical equipment shall be solidly 

mounted prior to the installation of conduit, and shall not depend upon the conduit for support. Conduit 

systems shall be installed complete between pull points before pulling wire. 

 

i. Install expansion fittings in raceway every 200 feet of linear run or wherever structural expansion 

joints are crossed. 

 

2. SLEEVES AND PENETRATIONS 

 

a. Electrical Contractor shall provide sleeves and openings for raceways penetrating exterior wall, 

interior walls and partitions, floors and roofs. Provisions for all such penetrations shall be as approved by 

the Architect/Engineer. 

 

b. For any raceways passing through an exterior wall, above or below grade, provide appropriate sleeve 

and water proofing. Fill space between conduit and sleeve with appropriate compound (e.g. lead and 

oakum) and then apply caulking compound - Thiocaulk or approved equal - flush with finished surfaces. 

 

c. For raceways penetrating interior walls or partitions (except as in item d below) provide steel pipe or 

galvanized sheet metal sleeves. 

 

d. For raceways penetrating floor slabs, smoke partitions, and other fire-rated walls, provide steel pipe 

sleeves and seal with high-temperature non-shrink grout or other material as approved by the 

Architect/Engineer. 
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e. Conduits penetrating roof surfaces for purpose of connecting to mechanical equipment (e.g. rooftop 

HVAC units, exhaust fans, etc.) shall utilize openings, curbs, etc, provided for the equipment where 

possible. 
 

f. For raceway penetrations through roof (except as described in item e above) contractor shall provide 

appropriate prefabricated roof curb assembly - "Pipe Portal System" as manufactured by Roof Products & 

Systems Corp., Addison, Illinois or equal method as approved by Architect/Engineer and roofing 

subcontractor. 

 

END OF SECTION 16110 
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SECTION 16120 
 

WIRES AND CABLES 
 

A GENERAL 
 

1. SCOPE: 
 

a. Furnish and install a complete system of wiring and cable as shown, specified, and required. 

 
 

B: PRODUCTS 

 

1. MATERIALS: 

 

a. Conductors shall be as manufactured by Phelps Dodge, Anaconda, Triangle, Southwire, or approved 

equal. 

 

b. Normal trade standard "Building Wire" of copper, Aluminum conductors may not be used. Burndy 

"Hy-Plug" adapters shall be used on aluminum wire terminations in panels, switchboards, equipment, etc. 

unless noted otherwise. 

 

c. Conductors #10 AWG smaller shall be solid. #8 AWC and larger shall be stranded. 

 

d. Each conductor shall bear easily readable markings along entire length, indicating size and insulation 

type. 

 

e. Insulation on conductors #8 AWG and smaller shall be suitable colored in manufacturer. 

 

f. All wires to be furnished shall be copper of the size and ampacity indicated on the drawings and shall 

be type THHN or THWH. 

 

h. Conductors in any location subject to abnormal temperature shall be furnished with an insulation 

type suitable for temperature encountered. 

 

i. Where no indication is made of wire size, the conductor shall be of N.E.C. size to match its 

overcurrent protective device, but in no case smaller than #12 AWG. 

 

j. Control and signal conductors shall be type and size indicated in those sections of the specifications. 

 

C: EXECUTION 

 

1. INSTALLATION: 

 

a. Joints in conductors # 10 AWG and smaller shall be made with approved twist-on type connectors as 

manufactured by T & B, Ideal, or approved equal. 

 

b. Joints in conductors #8 AWG and larger shall be made with mechanical pressure type connectors or 

lugs. 

 

c. Circuit joints may not be made up on terminal screws of wiring devices. Make circuit joints as 

above, and connect single leads to device terminals. 

 

d. Conductors shall be labeled within all junction boxes, etc, using plastic "punch" tape, identifying the 

conductors according to circuit numbers. 
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e. Where connected under screw or bolt heads, stranded wire shall be fitted with a lug of proper size. 

Make solid conductor loops clockwise so as to be forced closed as screw is tightened. Only one solid wire 

loop may be held unit a single screw. 

 

f. Make all connections tight. 

 

g. Wires within panelboards, terminal cabinets, and similar equipment shall be neatly squared 

and "bunched" together and held so with plastic ties at several places. 

 

h. Where paralleling of conductors is shown for feeders or service entrance, it is absolutely required 

they be exactly the same length between points of bonding together. 

 

2. COLOR CODING: 

 

a. All wiring shall be color coded. 

 

b. On 120/208V, 3 phase, 4 wire or 120/240V, 1 phase, 3 wire power systems, conductors shall be 

color coded black (Phase A), red (Phase B), blue (Phase C), and white (Neutral). On 277/480V, 3 phase, 4 

wire systems, conductors shall be color coded brown (Phase A), orange (Phase B), yellow (Phase C), and 

gray (Neutral). 

 

c. Ground conductors on all systems shall be green. 

 

d. Conductors #8 AWG and larger may be identified with two or more bands of proper color 

plastic tape applied near each termination. Painting of wire will not be acceptable. 

 

e. Unless noted otherwise, or another arrangement is approved by the Engineer, busses in panels and 

switch gear shall be considered "A", "B", and "C" from left to right, top to bottom or front to back when 

facing equipment. 

 

f. Control and signal wiring shall not use the above named colors except green for grounding. Any 

other colors or striping may be used but the coding shall provide same color or striping between any two 

terminals being jointed. 

 

g. "Travelers" in switching circuits shall be of same color as phase conductors serving the circuit. 

 

3. WIRING METHOD FOR BRANCH CIRCUITS: 

 

a. Unless shown differently, single-phase circuiting shall be limited to one neutral per raceway (a 

maximum of three different phase wires but with a single neutral in any case). Three-phase circuits shall be 

limited to one circuit per raceway (three different phase wires and a neutral if needed). 

 

b. In "3 wire" and "4 wire" branch circuits a neutral shall not serve more than one circuit tied to the 

same phase. The neutral carrying all or any part of the current of any specific load or run shall be 

contained in the same raceway or enclosure with the phase wire or wires also carrying that current. 

 

c. Circuits shall be connected to panels as shown in the panel schedules. 

 

d. Under the above requirements and with required color coding system no feeder or branch circuit 

raceway will contain more than one wire of the same color, except for switch legs and control circuits. 

 

e. Conductors feeding lighting outlets may be combined in the same raceway with conduit feeding 

convenience receptacles; but lighting outlets and convenience receptacles shall not be put on the 

same circuit unless specifically indicated. 

 
     WIRES AND CABLES                             16120 - 2 
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f. Branch circuit conductors shall be no smaller than No. 12 AWG, except that conductors for branch 

circuits whose length from panel to center of loads exceeds 300 feet shall be no smaller than No. 10 AWG 

to the first outlet. 

 

g. Where splices are required , wire connectors of insulating material or properly taped solderless 

pressure connectors, shall be utilized for all splices in wiring. 

 

h. Compression type connectors size # 1/0 AWG and above shall be crimped with a hydraulic tool with 

the die size as recommended by the connector manufacturer. 

 

END OF SECTION 16120 
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SECTION 16190 

 

FASTENINGS AND SUPPORTS 

A: GENERAL 

1. SCOPE: 

 

a. Full and proper support shall be provided for all items of electrical equipment, raceway, etc. The 

type of supports, anchors, sleeves, and seals specified in this section shall include Riser clamps, C-clamps, 

I-beam clamps, Round steel rods, Lead expansion anchors, Toggle bolts, and Wall and floor seals. 

 

B: PRODUCTS 

 

1. MATERIALS: 

 

a. Materials used shall be good quality, made of steel or of other non-corroding material. 

 

b. Inserts in masonry shall be lead, plastic, or fiber type, installed in drilled holes. Lead only shall be 

used for exterior locations or for interior locations subject to moisture. 

 

2. MANUFACTURED SUPPORTING DEVICES: 

 

a. General: Provide supporting devices which comply with manufacturer's standard materials, design 

and construction in accordance with published product information, and as required for complete 

installation; and as herein specified. Where more than one type of supporting device meets indicated 

requirements, selection is installer's option. 

 

b. Supports: Provide supporting devices of types, sizes and materials indicated; and having the 

following construction features: 

 

1. Clevis Hangers: For supporting 2" rigid metal conduit; galvanized steel; with 1/2" dia. hole for 

round steel rod; approximately 54 pounds per 100 units. 

 

2. Riser Clamps: For supporting 5" rigid metal conduit; black steel; with 2 bolt and nuts, and 4" ears; 

approximately 510 pounds per 100 units. 

 

3. Reducing Couplings: Steel rod reducing coupling, 1/2" x 5/8"; black steel; approximately 16 

pounds per 100 units. 

 

4. C-Clamps: Black malleable iron; 1/2" rod size; approximately 70 pounds per 100 units. 

 

5. I-Beam Clamps: Black steel, 1-1/4" x 3/16" stock; 3/8" cross bolt; flange width 2"; approximately 

52 pounds per 100 units. 

 

6. One-Hole Conduit Straps: For supporting 3/4" rigid metal conduit; galvanized steel; 

approximately 7 pounds per 100 units. 

 

7. Two-Hole Conduit Straps: For supporting 3/4" rigid metal conduit, galvanized steel, 3/4" strap 

width; and 2-1/8" between center of screw holes. 

 

8. Hexagon Nuts: For 1/2" rod size; galvanized steel; approximately 4 pounds per 100 units. 

 

9. Round Steel Rod: Black steel; 1/2 “diameter, approximately 67 pounds per 100 feet. 
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10. Offset Conduit Clamps: For supporting 2" rigid metal conduit; black steel; approximately 200 

pounds per 100 units. 

 

c. Anchors: Provide anchors of types, sizes and materials indicated, with the following construction 

features: 

 

1. Lead Expansion Anchors: 1/2"; approximately 38 pounds per 100 units. 

 

2. Toggle Bolts: Springhead; 3/16" x 4"; approximately 5 pounds per 100 units. 

 

3. Manufacturers: Subject to compliance with requirements, provide anchors of one of the following: 

Ackerman Johnson Fastening Systems Inc., Elcen Metal Products Co., Ideal Industries, Inc., Joslyn Mfg 

and Supply Co., McGraw Edison Co., Rawlplug Co. Inc., Star Expansion Co., and U.S. Expansion Bolt Co. 

 

d. Sleeves and Seals: Provide sleeves and seals, of types, sizes and materials indicated, with the 

following construction features: 

 

1. Wall and Floor Seals: Provide factory-assembled watertight wall and floor seals, of types and 

sizes indicated; suitable for sealing around conduit, pipe, or tubing passing through concrete floors and 

walls. Construct seals with steel sleeves, malleable iron body, neoprene sealing grommets and rings, metal 

pressure rings, pressure clamps, and cap screws. 

 

e. Conduit Cable Supports: Provide cable supports with insulating wedging plug for non-armored type 

electrical cables in risers; construct for 2" rigid metal conduit; 3-wires, type wire as indicated; construct 

body of malleable-iron casting with not-dip galvanized finish. 

 

f. U-Channel Strut Systems: Provide U-channel strut system for supporting electrical equipment, 12 

gage hot-dip galvanized steel, of types and sizes indicated; construct with 9/16" dia. holes, 8" o.c. on top 

surface, with standard green finish, and with the following fittings which mate and match with U-channel: 

Fixture hangers, Channel hangers, End caps, Beam clamps, Wiring studs, Thinwall conduit clamps, Rigid 

conduit clamps, Conduit hangers, and U-bolts. 

 

1. Manufacturers: Subject to compliance with requirements, provide channel systems of one of the 

following: Kindart, B-Line Systems, Inc., Power-Strut Div; Van Heffel Tube Corp., Unistrut Div: GTE 

Products Corp., or Globe Strut. 

 

h. FABRICATED SUPPORTING DEVICES: 

 

1. Pipe Sleeves: Provide pipe sleeves of one of the following: 

 

a. Sheet Metal: Fabricate from galvanized sheet metal; round tube closed with snaplock joint, 

welded spiral seams, or welded longitudinal joint. Fabricate sleeves from the following gage metal: 3" and 

smaller, 20-gage; 4" to 6", 16 gage; over 6", 14 gage. 

 

b. Steel Pipe: Fabricate from Schedule 40 galvanized steel pipes; remove burrs. 

 

2. Sleeve Seals: Provide modular mechanical type seals, consisting of interlocking synthetic rubber 

links shaped to continuously fill annular space between pipe and sleeve, connected with bolts and pressure 

plates which cause rubber sealing elements to expand when tightened, providing watertight seals and 

electrical insulation. 
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C. EXECUTION 

 

1. INSTALLATION: 

 

a. All equipment and flat raceways attached to outside walls or interior walls subject to permanent 

moisture shall be shimmed out with non-corrodible material so as to provide 1/4" air space between wall 

and equipment or raceway. 

 

b. All materials, whether exposed or concealed, shall be firmly and adequately held in place. Fastening 

and support shall afford safety factor of three or higher. 

 

c. All fixtures, raceways, equipment shall be supported from the structure. Nothing may be supported 

on suspended ceilings unless definitely noted so on the drawings or specifically permitted by the 

Architect/Engineer. 

 

d. Fixtures shall be supported with (minimum) 10 gauge steel wire, or with threaded steel rods, adjusted 

as necessary to level fixture. For fluorescent fixtures 18" wide or less, use minimum of two supports; for 

wider units, use four supports. 

 

e. Where installed recessed in grid type ceilings, attach each fluorescent fixture to grid with minimum 

of two "earthquake clips" or other approved method. 

 

END OF SECTION 16190 
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SECTION 16195 - ELECTRICAL IDENTIFICATION 

 

 
PART 1 - GENERAL 

 

 
RELATED DOCUMENTS: 

 

Drawings and general provisions of Contract, including General and Supplementary Conditions and Division 1 

Specification Sections, apply to this Section. 

Requirements of the following Division 16 Sections apply to this section: 

"General Electrical Requirements." 

"Basic Electrical Materials and Methods." 

 
 

SUMMARY: 

 

This Section includes identification of electrical materials, equipment, and installations. It includes requirements for 

electrical identification components including but not limited to the following: 

 

Buried electrical line warnings. 

 

Identification labeling for raceways, cables, and conductors. 

Operational instruction signs. 

Warning and caution signs. 

Equipment labels and signs. 

Related Sections: The following Sections contain requirements that relate to this Section: 

Division 9 Section "Painting" for related identification requirements. 

Division 16 Section "Wires and Cables" for requirements for color coding of conductors for phase identification. 

 

Refer to other Division 16 sections for additional specific electrical identification associated with specific items. 

 
 

SUBMITTALS: 

 

General: Submit the following in accordance with Conditions of Contract and Division 1 Specification Sections. 

Product Data for each type of product specified. 

Schedule of identification nomenclature to be used for identification signs and labels. 

 

Samples of each color, lettering style, and other graphic representation required for identification materials; samples of 

labels and signs. 
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QUALITY ASSURANCE: 

 

Electrical Component Standard: Components and installation shall comply with NFPA 70 "National Electrical Code". 

 

ANSI Compliance: Comply with requirements of ANSI Standard A13.1, "Scheme for the Identification of Piping 

Systems", with regard to type and size of lettering for raceway and cable labels. 

 
 

PART 2 - PRODUCTS 

 

 
MANUFACTURERS: 

 

Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be 

incorporated in the Work include, but are not limited to, the following: 

Manufacturers: Subject to compliance with requirements, provide products by the following: 

American Labelmark Co. 

Calpico, Inc. 

Panduit Corp. 

Seton Name Plate Co. 

Standard Signs, Inc. 

W.H.Brady, Co. 

 
 

ELECTRICAL IDENTIFICATION PRODUCTS: 

 

Adhesive Marking Labels for Raceway and Metal-clad Cable: Pre- printed, flexible, self-adhesive labels with legend 

indicating voltage and service (Emergency, Lighting, Power, Light, Power d.c., Air Conditioning, Communications,  

Control, and Fire). 

 

Label Size: as follows: 

 

Raceways 1-Inch and Smaller: 1-1/8 inches high by 4 inches long. 

Raceways Larger than 1-Inch: 1-1/8 inches high by 8 inches long. 

Color: Black legend on orange background. 

 

Colored Adhesive Marking Tape for Raceways, Wires, and Cables: Self-adhesive vinyl tape not less than 3 mils thick 

by 1 inch to 2 inches in width. 

 

Pretensioned Flexible Wraparound Colored Plastic Sleeves for Raceway and Cable Identification: Flexible acrylic 

bands sized to suit the raceway diameter and arranged to stay in place by pre-tensioned gripping action when coiled 

around the raceway or cable. 

 

Underground Line Marking Tape: Permanent, bright-colored, continuous-printed, and plastic tape compounded for 

direct-burial service not less than 6 inches wide by 4 mils thick. Printed legend indicative of general type of 

underground line below. 

 

Wire/Cable Designation Tape Markers: Vinyl or vinyl-cloth, self- adhesive, wraparound, cable/conductor markers with 

preprinted numbers and letter. 
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Aluminum, Wraparound, Cable Marker Bands: Bands cut from 0.014- inch thick, aluminum sheet, fitted with slots or 

ears for securing permanently around wire or cable jacket or around groups of conductors. Provide for legend 

application with stamped letters or numbers. 

 

Plasticized Card Stock Tags: Vinyl cloth with preprinted and field-printed legends to suit the application. Orange 

background, except as otherwise indicated, with Eyelet for fastener. 

 

Engraved, Plastic-Laminated Labels, Signs, and Instruction Plates: Engraving stock melamine plastic laminate, 1/16-

inch minimum thick for signs up to 20 square inches, or 8 inches in length; 1/8-inch thick for larger sizes.  Engraved 

legend in white letters on black face and punched for mechanical fasteners. 

 

Baked-Enamel Warning and Caution Signs for Interior Use: Preprinted aluminum signs, punched for fasteners, with 

colors, legend, and size appropriate to the location. 

 

Exterior Metal-Backed Butyrate Warning and Caution Signs: Weather-resistant, nonfading, preprinted cellulose acetate 

butyrate signs with 20-gage, galvanized steel backing, with colors, legend, and size appropriate to the location. Provide 

1/4-inch grommets in corners for mounting. 

 

Fasteners for Plastic-Laminated and Metal Signs: Self-tapping stainless steel screws or number 10/32 stainless steel 

machine screws with nuts and flat and lock washers. 

 

Cable Ties: Fungus-inert, self-extinguishing, one-piece, self- locking nylon cable ties, 0.18-inch minimum width, 50-lb 

minimum tensile strength, and suitable for a temperature range from minus 50 deg F to 350 deg F. Provide ties in 

specified colors when used for color coding. 

 
 

PART 3 - EXECUTION 

 

 
INSTALLATION: 

 

Lettering and Graphics: Coordinate names, abbreviations, colors, and other designations used in electrical identification 

work with corresponding designations specified or indicated. Install numbers, lettering, and colors as approved in 

submittals and as required by code. 

 

Install identification devices in accordance with manufacturer's written instructions and requirements of NEC. 

 

Sequence of Work: Where identification is to be applied to surfaces that require finish, install identification after 

completion of finish work. 

 

Conduit Identification: 

 

Identify Raceways of Certain Systems with Color Banding: Band exposed or accessible raceways of the following 

systems for identification. Bands shall be pretensioned, snap-around colored plastic sleeves, colored adhesive marking 

tape, or a combination of the two. Make each color band 2 inches wide, completely encircling conduit, and place 

adjacent bands of two-color markings in contact, side by side. Install bands at changes in direction, at penetrations of 

walls and floors, and at 40-foot maximum intervals in straight runs. Apply the following colors: 

 

Fire Alarm System: Red 

Fire Suppression Supervisory and Control System: Red and Yellow 

Telephone System: Green and Yellow 
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Identify Junction, Pull, and Connection Boxes: Code-required caution sign for boxes shall be pressure-sensitive, self-

adhesive label indicating system voltage in black, preprinted on orange background. Install on outside of box cover. 

 Also label box covers with identity of contained circuits. Use pressure- sensitive plastic labels at exposed locations and 

similar labels or plasticized card stock tags at concealed boxes. 

 

Underground Electrical Line Identification: During trench backfilling, for exterior underground power, signal, and 

communications lines, install continuous underground plastic line marker, located directly above line at 6 to 8 inches 

below finished grade. Where multiple lines installed in a common trench or concrete envelope, do not exceed an overall 

width of 16 inches; install a single line marker. 

 

Install line marker for underground wiring, both direct-buried and in raceway. 

 

Conductor Color Coding: Provide color coding for secondary service, feeder, and branch circuit conductors throughout 

the project secondary electrical system as follows: 

 

208/120 Volts Phase 

480/277 Volts 
 

Black A 

Yellow 

Red B 

Brown 

Blue C 

Orange 

White Neutral 

White/Gray 

Green Ground 

Green 

 

Use conductors with color factory-applied the entire length of the conductors except as follows: 

 

The following field-applied color-coding methods may be used in lieu of factory-coded wire for sizes larger than 

No. 10 AWG. 

 

Apply colored, pressure-sensitive plastic tape in half- lapped turns for a distance of 6 inches from terminal 

points and in boxes where splices or taps are made. Apply the last two laps of tape with no tension to prevent 

possible unwinding. Use 1-inch-wide tape in colors as specified. Do not obliterate cable identification 

markings by taping. Tape locations may be adjusted slightly to prevent such obliteration. 

 

In lieu of pressure-sensitive tape, colored cable ties may be used for color identification. Apply three ties of 

specified color to each wire at each terminal or splice point starting 3 inches from the terminal and spaced 3 

inches apart. Apply with a special tool or pliers, tighten for snug fit, and cut off excess length. 

 

Power Circuit Identification: Securely fasten identifying metal tags or aluminum wraparound marker bands to cables, 

feeders, and power circuits in vaults, pull boxes, junction boxes, manholes, and switchboard rooms with 1/4-inch steel 

letter and number stamps with legend to correspond with designations on Drawings. If metal tags are provided, attach 

them with approximately 55-lb test monofilament line or one-piece self-locking nylon cable ties. 

 

Tag or label conductors as follows: 

 

Future Connections: Conductors indicated to be for future connection or connection under another contract with 

identification indicating source and circuit numbers. 
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Multiple Circuits: Where multiple branch circuits or control wiring or communications/signal conductors are 

present in the same box or enclosure (except for three-circuit, four-wire home runs), label each conductor or cable. 

Provide legend indicating source, voltage, circuit number, and phase for branch circuit wiring. Phase and voltage 

of branch circuit wiring may be indicated by mean of coded color of conductor insulation. For control and 

communications/signal wiring, use color coding or wire/cable marking tape at terminations and at intermediate 

locations where conductors appear in wiring boxes, troughs, and control cabinets. Use consistent letter/number 

conductor designations throughout on wire/cable marking tapes. 

 

Match identification markings with designations used in panelboards shop drawings, Contract Documents, and 

similar previously established identification schemes for the facility's electrical installations. 

 

Apply warning, caution, and instruction signs and stencils as follows: 

 

Install warning, caution, or instruction signs where required by NEC, where indicated, or where reasonably 

required to assure safe operation and maintenance of electrical systems and of the items to which they connect. 

Install engraved plastic - laminated instruction signs with approved legend where instructions or explanations are 

needed for system or equipment operation. Install butyrate signs with metal backing for outdoor items. 

 

Emergency Operating Signs: Install engraved laminate signs with white legend on red background with minimum 

3/8-inch high lettering for emergency instructions on power transfer, load shedding, or other emergency operations. 

 

Install equipment/system circuit/device identification as follows: 
 

Apply equipment identification labels of engraved plastic- laminate on each major unit of electrical equipment in 

building, including central or master unit of each electrical system. This includes communication/signal/alarm 

systems, unless unit is specified with its own self-explanatory identification. Except as otherwise indicated, 

provide single line of text, with 1/2-inch-high lettering on 1-1/2-inch-high label (2-inch-high where two lines are 

required), white lettering in color coded field. Text shall match terminology and numbering of the Contract 

Documents and shop drawings. Apply labels for each unit of the following categories of electrical equipment. 
 

Panelboards, electrical cabinets, and enclosures. 

Access doors and panels for concealed electrical items. 

Electrical switchgear and switchboards. 

Electrical substations. 

Motor control centers. 

Motor starters. 

Pushbutton stations. 

Contactors. 

Remote-controlled switches. 

Control devices. 

Transformers. 

Power generating units. 

Fire alarm master station or control panel. 
 

Nameplates shall be securely attached to equipment with self tapping stainless steel screws and shall identify equipment 

controlled. Nameplate material colors shall be: 
 

Blue surface with white core for 208/120 volt equipment. 

Black surface with white core for 480/277 volt equipment. 

Red surface with white core for all equipment related to fire alarm system. 

Yellow surface with black core for all equipment related to emergency life safety systems. 

Blue surface with black core for all equipment related to emergency critical systems. 

Red surface with black core for all equipment related to emergency equipment systems. 

Orange surface with white core for all equipment related to telephone systems. 

Brown surface with white core for all equipment related to data systems. 
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Apply circuit/control/item designation labels of engraved plastic laminate for disconnect switches, breakers, 

pushbuttons, pilot lights, motor control centers, and similar items for power distribution and control components above, 

except panelboards and alarm/signal components, where labeling is specified elsewhere. For panelboards, provide 

framed, typed circuit schedules with explicit description and identification of items controlled by each individual 

breaker. 

 

Install labels at locations indicated and at locations for best convenience of viewing without interference with operation 

and maintenance of equipment. 

 

All empty conduit runs and conduits with conductors for future use shall be identified for use and shall indicate where 

they terminate. Identification shall be by tags with string or wire attached to conduit or outlet. 

 

All outlet boxes, junction boxes and pull boxes including boxes etc. above accessible ceilings shall have their covers and 

exterior visible surfaces painted with the colors to match the color scheme outlined above. 

 

 
 

END OF SECTION 16195    
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SECTION 16450 

 

GROUNDING AND BONDING 

A: GENERAL 

1. SCOPE: 

 

a. Grounding and bonding of the electrical system shall be provided in accordance with requirements of 

the National Electrical Code, and the requirements of these specifications and the drawings. 

 

b. Contractor shall note that not all required grounding conductors are specifically noted on the 

drawings or in the schedules or specifications. 

 

B: PRODUCTS 

 

1. GROUNDING CLAMPS, BUSHINGS, ETC: 

 

a. Materials shall be as manufactured by T & B or approved equal. 

 

b. Clamps for attachment of grounding conductors to water, pipes, etc. shall be of bronze or brass, with 

conduit hub with insulated bonding bushings and compression type lugs. 

 

2. GROUNDING CONDUCTORS: 

 

a. Grounding conductors shall be sized in accordance with the requirements of the NEC, or as noted on 

the drawings or specified herein. 

 

b. Grounding conductors shall be of copper. Insulation as required by NEC or as noted or specified. 

Otherwise, bare conductors will be acceptable. 

 

3. MADE ELECTRODES: 

 

a. Where indicated or required provide "made" grounding electrodes in accordance with NEC Article 

250H. 

 

b. Driven grounding electrodes shall consist of copper clad steel rods not less then 8 feet in length and 

5/8 inches in diameter. 

 

4. VOLTAGE SURGE PROTECTORS: 

 

a. Voltage surge protectors shall be installed at service entrance in accordance with NEC Articles 250 

and 280. 

 

b. Unless noted otherwise, surge protectors shall be solid state (MOV) type. Square D Type J9200- 

Series or approved equal. Furnish unit(s) as required for service voltage and configuration. 

 

C: EXECUTION 

 

1. GENERAL INSTALLATION: 

 

a. All systems and equipment shall be grounded in accordance with NEC Article 250H. 

 

b. All grounding conductors shall be contained within raceway, unless specifically noted otherwise. 



 

 

 

2. SERVICE GROUNDING: 

 

a. Where available on the premises, bond together the following: 

Metal water pipe. 

Building metal frame. 

 

b. Where required by NEC Article 250, or where shown on drawings, provide "made" grounding 

electrodes to supplement the above. Bond together all available and made electrodes. 

 

c. Service ground clamp shall be attached to cold water main at an accessible point and before its size is 

reduced. Clamp shall be accessible after construction is complete. Grounding conductor shall be without 

splice into the service enclosures where it shall be connected to main service neutral (or service ground 

buss, if provided). 

 

3. EQUIPMENT GROUNDING, ETC.: 

 

a. Ground all fixed and partable appliances and equipment connected under this contract with a green 

grounding conductor. This wire shall be carried inside the raceway and flex from equipment to nearest 

grounding portion of raceway system. Connect at both ends with suitable lugs. 

 

b. Each grounding type receptacle shall have a green wire jumper from its grounding terminal to box in 

which mounted. Attach jumper to box, not plaster ring, with a bolt or Steel City "G" grounding clip or 

approved equal. Jumper shall be sized by NEC with #12 AWG minimum. 

 

c. Any feeder raceway anywhere in the system which enters a box or cabinet through part of a 

concentric knockout shall be fitted with a bonding bushing and jumper. The jumper shall be sized by NEC 

Table 250-94 and be lugged to the box. 

 

d. Each circuit serving convenience outlets shall include a separate green insulated copper grounding 

conductor not smaller than #12 AWG. 

 

4. VOLTAGE SURGE PROTECTORS: 

 

a. Install voltage surge protector(s) within service entrance equipment enclosure. Locate for proper 

accessibility. 

 

b. Use shortest practical lengths of leads for connection to service conductors and service grounding 

conductor. 

 

5. TRANSFORMER SECONDARY GROUNDING: 

 

a. Equipment on the secondary side of transformers shall be considered "service" and be bonded and 

separately grounded directly to the main service ground bys or electrode. Grounding conductor may be run 

in feeder raceways back to main service enclosure. 

 

b. In addition, transformer secondaries shall be provided with a local grounding electrode, consisting of 

a clamp on a local 3/4" (minimum) copper cold water pipe or a grounded member. Grounding conductor 

shall be sized as shown on Plans. 

 
 

END OF SECTION 16450 
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SECTION 16491 

SAFETY SWITCHES 

A: GENERAL 

1. SCOPE: 

 

a. Contractor shall furnish and install switches as indicated on the drawings and as specified. 

 

B: PRODUCTS 

 

1. MANUFACTURERS: 

 

a. Switches shall be as manufactured by Square D, General Electric, Eaton or approved equal. 

 

b. Fuses shall be by Buss, Shawmut, or approved equal. 

 

2. RATINGS, CHARACTERISTICS, ETC: 

 

a. Switches shall be of fusible type as indicated or as evidently intended. 

 

b. All switches shall be of heavy-duty type. 

 

c. Switches shall be equipped with cover-interlock. Also provide interlock-defeat mechanism to permit 

opening of switch while energized. 

 

d. Voltage rating, ampere rating, and motor horsepower rating shall be as indicated and as required for 

application. 

 

e. Where Class R fuses are specified or required, equip switch 

with rejection feature to prevent installation of other fuse types. 

 

3. FUSES: 

 

a. All fusible type switches shall be equipped with fuses. 

 

b. Upon completion of project, furnish to the owner one complete set of replacement fuses, including 

one full set of each type and rating used on the project. 

 

c. Unless noted or specified otherwise, all fuses shall be Class RK5 time delay. Where fuses are located 

on the load side of dry-type transformers, fuses may be standard "one-time" type, unless noted otherwise. 

 

C: EXECUTION (NOT USED) 

END OF SECTION 16491 
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SECTION 16492 

 

MOTORS, CONTROLLERS, AND EQUIPMENT CONNECTIONS 

A: GENERAL 

1. SCOPE: 

 

a. It is generally intended that electrical contractor shall make provisions for power connections to all 

items of equipment installed on the project requiring electric power. Specific requirements for such 

connections are generally noted or indicated on the drawings. 

 

B: PRODUCTS 

 

a. Controllers shall be as manufactured by Eaton, or approved equal. 

 

b. Fuses shall be by Buss, Shawmut, or approved equal. 

 

C: EXECUTION 

 

1. MOTORS: 

 

a. Disconnects. 

 

1. Every motor connected under this contract shall be provided with a disconnect switch if so 

required by the NEC. Unless noted otherwise, disconnects shall be furnished by this contractor. 

 

b. Controllers. 

 

1. Motors controllers shall be furnished as noted on the plan drawings. Contractor shall provide 

controllers with appropriate overload relays, etc. to suit the load served. Coordinate prior to any 

installation. 

 

2. Unless motor controller is specifically noted to be furnished by this contractor, controller will be 

furnished by others and turned over to this contractor for installation. 

 

c. Connections. 

 

1. Motor connection, where appropriate, shall be made using liquid tight flexible conduit for 

vibration isolation. Include grounding conductor. 

 

2. Unless noted otherwise, this contractor shall wire through the motor via disconnect switches 

and/or controllers, and make power connections to motor as required. 

 

3. Unless noted otherwise, all control wiring will be by others. 

 

2. MISCELLANEOUS EQUIPMENT: 

 

a. Equipment connections are generally indicated on the drawings by special symbols, which are 

defined in schedules or notes. 

 

b. Where manufacturer's catalog numbers, models, etc. are indicated, the item of equipment shall be 

furnished and installed under this contract, unless specifically noted otherwise. 

 

END OF SECTION 16492 
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