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SECTION 15000 

GENERAL MECHANICAL PROVISIONS 

 

PART 1 - GENERAL 

 

1.1 Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes general provisions covering the contract documents for HVAC, 

Plumbing and Fire Protection Systems. 

 

1.3 DEFINITIONS 

 

A. Provide shall mean "Furnish, install and connect. 

 

B. Piping shall mean "pipe installed with all specified fittings, valves and accessories, 

and forming a complete system." 

 

C. HVAC shall mean "Heating, Ventilation and Air Conditioning." 

 

1.4 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Electrical Coordination: In addition to submittal requirements of other Division 15 

Sections, submit a document approved by the project Electrical Contractor certifying 

that all mechanical equipment being furnished under Division 15 complies with the 

electrical characteristics of the source power which will be furnished under Division 

16. 

 

C. Model numbers listed on the Mechanical Contract Documents shall not be construed 

to indicate electrical characteristics.  Electrical characteristics of mechanical 

equipment shall be as indicated on the Electrical Contract Documents (Division 16). 

 

D. Review of Submittals does not relieve the Contractor of any of the requirements of the 

Contract Documents.  Failure by the Engineer to document errors and omissions in the 

Contractor's submittals during the Engineer's submittal review does not constitute a 

waiver of any of the requirements of the original Contract Documents. 

 

1.5 CONTRACTOR QUALIFICATIONS 

 

A. Plumbing Subcontractor shall have demonstrated proficiency in the installation of 

plumbing systems by the successful installation of systems similar to those included in 

the Construction Documents for this project.  Such systems shall have been installed 

in commercial or institutional buildings having a minimum of 150 plumbing fixtures 

(in a single building).  The Subcontractor shall have been in business as described 

above for a minimum period of five years. 
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B. A master or journeyman plumber shall be present at the site during the installation of 

all plumbing related work.  The master or journeyman plumber shall be certified in the 

state in which the construction is being performed and shall have his license present at 

site or on file during construction. 

 

C. HVAC Subcontractor shall have a current Class II Conditioned Air Contractors 

License for the state in which the project is being constructed.  The Subcontractor 

shall have as part of the Firm a Service Department qualified to service all systems 

installed in the project, or have a written agreement with a Service Agency qualified 

to provide such service.  The Service Department or Agency shall be on call at all 

hours. The subcontractor shall have installed at least (within the last five years): 

1. Three (3) hydronic water systems of at least 150-tons in size. 

2. One heat recovery variable refrigerant flow system of at least 20-tons in size. 

 

D. Medical Gas System installer qualifications shall be specified in other sections of 

Division 15. 

 

E. Fire Protection System installer qualifications shall be specified in other sections of 

Division 15. 

 

1.6 PRIOR APPROVALS 

 

A. Manufacturers References:  When reference is made in the Contract Documents to 

trade names or specific manufacturers and/or models, such reference, unless noted 

otherwise, is made to designate and identify the quality of materials or equipment to 

be furnished and is not intended to restrict competitive bidding.  If it is desired to use 

materials or equipment different from those indicated on the Contract Documents, 

written request for approval must reach the hands of the Design Professional at least 

TEN DAYS prior to the date set for the opening of bids.  A copy of the request should 

also be sent directly to the Engineer.  Requests for prior approval of a proposed 

substitute shall be accompanied by complete technical data supporting the request. 

 

B. Request for Prior Approval by facsimile transmission (fax) or email will not be 

considered.  Prior approval requests shall be submitted in hard copy format only. 

 

1.7 LAYOUT AND COORDINATION 

 

A. Layout Basis:  

1. The equipment listed on the Drawings and in the Specifications has been used 

for the physical arrangement of the mechanical systems.  When equipment 

listed as acceptable, equal or equipment which has received "prior approval" 

is used, it shall be the Contractor's responsibility to provide structural, 

ductwork, electrical, service clearances, or other changes required to 

accommodate the substituted equipment.  Changes shall be made at no 

additional cost to the Owner.  Submit a list of required changes along with all 

prior approval requests and shop drawing submittals. 

2. The Contract Drawings are intended to show the general arrangement of all 

mechanical work.  They do not show in detail all offsets, fittings and 

transitions.  Examine Drawings, investigate site conditions to be encountered 

and arrange work accordingly.  Furnish all offsets and transitions required. 
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3. Drawings do not indicate in detail exact configuration of connections for 

fixtures, equipment and accessories.  Final connection shall be as shown on 

approved Manufacturer's Submittal Drawings.  Where Manufacturer's 

Submittal Drawings conflict with the Contract Documents, confer with the 

Design Professional for resolution. 

4. Measurement of Drawings by scale shall not be used as dimensions for 

fabrication. Measurements for locating fixtures, equipment, ductwork, piping 

and other mechanical items shall be made on the site and shall be based on 

actual job conditions. 

5. Check space limitations and verify electrical requirements before ordering any 

mechanical equipment or materials.  Place large equipment inside the building 

prior to the erection of exterior walls where equipment cannot enter finished 

building openings.  

 

B. Coordination:  Mechanical work shall be coordinated with that of other trades to avoid 

conflict.  The Contractor shall study all plans and specifications for this project and 

shall notify the Design Professional of any conflict between work under Division 15 

and work under other divisions of the Project.  Particular attention shall be given to 

interference between piping, electrical installations, structural systems, building 

openings and ductwork. 

 

C. Installation Instructions:  Two binders containing manufacturer's installation 

instructions for all equipment furnished under Division 15 shall be furnished by the 

Contractor.  One binder shall be kept in the General Contractor's office at the job site.  

The other binder shall be delivered to the Engineer upon acceptance by the Design 

Professional of the Submittals. 

 

D. Operation and Maintenance Instructions:  Three copies of equipment O&M manuals 

contained in rigid 3-ring binders shall be submitted to the Owner a minimum of 15 

days prior to equipment/systems training.  Binders shall have permanent labels on the 

spine and front cover indicating project name, project number, building name and 

contents.  Model and serial numbers of equipment shall be shown on the cover of their 

respective O&M manual(s). 

 

1.8 PERMITS 

 

A. Obtain all necessary Permits and Inspections required for the installation of this work 

and pay all charges incident thereto.  Deliver to the Design Professional all certificates 

of inspection issued by authorities having jurisdiction. 

 

B. Sewer tap fees, water tap fees, meter fees, Dept. of Labor Fees for Boilers and 

Pressure Vessels and all other charges for work under Division 15, including charges 

for meter installation and excess service by the Gas Company or any other utilities 

shall be paid by the Contractor. 

 

1.9 SAFETY 

 

A. OSHA Requirements applicable to the project shall be complied with at all times. 

 

B. Manufacturer's Safety Instructions shall be followed in all instances. 
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C. Asbestos Containing Materials (ACM) shall not be used on this project. 

 

D. Refrigerants containing CFC’s (or HCFS’s) shall not be used on this project, nor shall 

any equipment using such refrigerants be incorporated into this project. 

 

E. Electrical Equipment Clearances:  Piping, equipment and other mechanical 

installations shall not be located within 42" of the front or 36" of the side of any 

electrical switchboards, panelboards, power panels, motor control centers, electrical 

transformers or similar electrical equipment.  Piping and ductwork shall not pass 

through or above electrical equipment rooms except as required to serve those rooms. 

 

F. Guards shall be provided where appliances, equipment, fans or other components that 

require service are located within 10 feet of a roof edge or open side of a walking 

surface and such edge or open side is located more than 30 inches above the floor, 

roof or grade below. The guard shall extend not less than 30 inches beyond each end 

of such appliances, equipment, fans, components and roof hatch openings and the top 

of the guard shall be located not less than 42 inches above the elevated surface 

adjacent to the guard. The guard shall be constructed so as to prevent the passage of a 

21 inch diameter sphere and shall comply with the loading requirements for guards 

specified in the International Building Code. 

 

1.10 PROTECTION OF MECHANICAL SYSTEMS AND COMPONENTS DURING 

 CONSTRUCTION 

 

A. Material storage 

1. All materials and equipment stored on the jobsite shall be elevated above the 

ground and stored under suitable weather cover.  Materials and equipment 

shall not be situated in areas subjected to localized flooding. 

2. Manufacturer’s original shipping packaging and protective coverings shall be 

left in place until the equipment is prepared for installation. 

 

B. Roof protection:  All penetrations through roofs, including roof curbs, piping curbs 

and roof drainage system elements shall be properly protected during construction to 

prevent water intrusion into the building.  Protective measures could include 

temporary covers and plugs, as well as other appropriate temporary elements. 

 

C. Electrical enclosure protection 

1. During construction, all protective covers and other devices shall be left in 

place that protect against inadvertent contact with live electrical circuits. 

2. All warning labels related to electrical and rotating equipment hazards shall 

be in place prior to energizing mechanical equipment circuits. 

 

D. Protection of ducts and piping 

1. Maintain temporary closures on the ends of all ducts and pipes as the 

installation work progresses.  Temporary closures include plastic sheeting, 

tape and appropriate caps and covers. 

2. Where debris enters piping during installation, steps shall be taken to clean 

the interior of the pipe prior to placing in service. 

3. Where debris enters ductwork during installation the duct interior shall be 

cleaned prior to placing in service. 
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E. Operation of HVAC systems during construction 

1. Although the operation of the permanent HVAC systems during the 

construction process is strongly discouraged, the Contractor shall take 

measures to protect the systems from contamination if they are operated. 

2. When placed in operation during the construction period, all HVAC systems 

shall have MERV 8 filtration in all standard filter racks throughout the 

systems.  Where so equipped, final filter banks do not have to be in place. 

3. All return and outdoor air intake openings shall be protected with MERV 8 

filter material at all points of entry into the duct system.  These protections 

shall be maintained and remain in place until the building is prepared for final 

inspection. 

4. Prior to final acceptance of the building HVAC systems, the interior of all 

HVAC unit cabinets shall be thoroughly cleaned to “like-new” condition. 

 

1.11 CODES AND STANDARDS 

 

A. Mechanical installations shall conform to the current edition of the following, in 

addition to any previously mentioned Codes and Standards. 

1. The International Building Code. 

2. The International Mechanical Code 

3. The International Plumbing Code 

4. The International Fire Protection Code 

5. The State Energy Code 

6. NFPA Standard 13, Installation of Sprinkler Systems 

7. NFPA Standard 70, National Electric Code 

8. NFPA Standard 90A, Installation of Air Conditioning and Ventilation 

Systems. 

9. NFPA Standard 101, Code for Safety to Life for Fire in Buildings and 

Structures 

10. NFPA 14 Standard for the installation of standpipe and hose stations. 

11. NFPA 24 Standard for the installation of private fire service mains and their 

appurtenances 

 

1.12 ASBESTOS MATERIALS 

 

A. Contractor is advised there may be ASBESTOS PRODUCTS in building(s) which 

will affect work under this Project.  Particular reference is made to piping, equipment 

and other items that may be modified or removed.  It shall be the sole responsibility of 

Contractor to check for and ascertain presence of asbestos materials where such 

presence affects work under this Project.  Where Contractor ascertains presence of 

asbestos materials, he shall notify Owner and Engineer in writing of presence of 

asbestos BEFORE beginning any work.  Removal of asbestos products shall be the 

responsibility of Owner AFTER he has been notified by Contractor of its presence. 

 

B. Engineer assumes no responsibility of investigating for presence of ASBESTOS 

PRODUCTS or for verifying presence of asbestos materials, nor does Engineer 

assume any responsibility for specifying, advising on, or supervising removal of any 

asbestos products.  Contractor and Owner shall hold harmless Engineer in any matters 

involving presence of, or removal of, asbestos products. 
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1.13 INTERRUPTION OF EXISTING SERVICES 

 

A. Exercise care so as not to cut any existing utilities or services.  Where an existing 

utility line or service line is cut it shall be repaired to "like-new" condition.  

Interruption of service shall not be made without prior written permission of the 

Owner. 

 

B. Plumbing, Electrical and HVAC system must remain in service during construction.  

Arrange with the Owner well in advance of shutdowns required for tie-ins.  

Shutdowns shall be made after normal occupancy hours if so directed by the Owner.  

No additional monies will be paid for after-hours shutdowns. 

 

 

PART 2 - PRODUCTS  Not required for this section. 

 

 

PART 3 - EXECUTION Not required for this section. 

 

 

END OF SECTION 15000 
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SECTION 15050 

BASIC MECHANICAL MATERIALS AND METHODS 

 

PART 1 - GENERAL   

 

1.1  RELATED DOCUMENTS 

 

A. Drawings and general provisions of Contract 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 equipment base construction requirements. 

3. Equipment nameplate data requirements. 

4. Labeling and identifying mechanical systems and equipment is specified in 

Division 15 Section "Mechanical Identification." 

5. Nonshrink grout for equipment installations. 

6. Field-fabricated metal and wood equipment supports. 

7. Installation requirements common to equipment specification Sections. 

8. Mechanical demolition. 

9. Cutting and patching. 

10. Touchup painting and finishing. 

11. Pipe-Freeze-Protection Heating Cables. 

 

B. Pipe and pipe fitting materials are specified in piping system Sections. 

 

1.3 DEFINITIONS 

 

A. Pipe, pipe fittings, and piping include tube, tube fittings, and tubing. 

 

B. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, 

furred spaces, pipe and duct shafts, unheated spaces immediately below the roof, 

spaces above ceilings, unexcavated spaces, crawl spaces, and tunnels. 

 

C. Exposed Interior Installations:  Exposed to view indoors.  Examples include finished 

occupied spaces and mechanical equipment rooms. 

 

D. Exposed Exterior Installations:  Exposed to view outdoors, or subject to outdoor 

ambient temperatures and weather conditions.  Examples include rooftop locations. 

 

E. Concealed Interior Installations:  Concealed from view and protected from physical 

contact by building occupants.  Examples include above ceilings and in duct shafts. 

 

F. Concealed Exterior Installations:  Concealed from view and protected from weather 

conditions and physical contact by building occupants, but subject to outdoor ambient 

temperatures.  Examples include installations within unheated shelters. 

  

1.4 SUBMITTALS 

 

A. General:  Submit the following according to the Conditions of the Contract. 
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B. Product data for following piping specialties: 

1. Mechanical sleeve seals. 

2. Identification materials and devices. 

3. Pipe freeze protection heating cables. 

 

C. Samples of color, lettering style, and other graphic representation required for each 

identification material and device. 

 

D. Welder certificates signed by Contractor certifying that welders comply with 

requirements specified under the "Quality Assurance" Article. 

 

1.5 QUALITY ASSURANCE 

 

A. Qualify welding processes and operators for structural steel according to AWS D1.1 

"Structural Welding Code--Steel." 

 

B. Qualify welding processes and operators for piping according to ASME "Boiler and 

Pressure Vessel Code," Section IX, "Welding and Brazing Qualifications." 

1. Comply with provisions of ASME B31 Series "Code for Pressure Piping." 

2. Certify that each welder has passed AWS qualification tests for the welding 

processes involved and that certification is current. 

 

C. ASME A13.1 for lettering size, length of color field, colors, and viewing angles of 

identification devices. 

 

D. Equipment Selection:  Equipment of greater or larger power, dimensions, capacities, 

and ratings may be furnished provided such proposed equipment is approved in 

writing and connecting mechanical and electrical services, circuit breakers, conduit, 

motors, bases, and equipment spaces are increased.  No additional costs will be 

approved for these increases, if larger equipment is approved.  If minimum energy 

ratings or efficiencies of the equipment are specified, the equipment must meet the 

design requirements and commissioning requirements. 

 

E. Coordinate all electrical service requirements for mechanical equipment prior to the 

submittal of shop drawings.  Confirm the compatibility of all power services with the 

equipment being furnished.  Confirm compatibility of electrical lugs being provided 

by the equipment manufacturer with the power wiring being furnished under Division 

16. Furnish written documentation that all characteristics have been coordinated with 

and confirmed by the electrical subcontractor. 

 

1.6 DELIVERY, STORAGE, AND HANDLING 

 

A. Deliver pipes and tubes with factory-applied end-caps.  Maintain end-caps through 

shipping, storage, and handling to prevent pipe-end damage and prevent entrance of 

dirt, debris, and moisture. 

 

B. Protect stored pipes and tubes from moisture and dirt.  Elevate above grade.  When 

stored inside, do not exceed structural capacity of the floor. 

 

C. Protect flanges, fittings, and piping specialties from moisture and dirt. 
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D. Protect stored plastic pipes from direct sunlight.  Support to prevent sagging and 

bending. 

 

1.7 SEQUENCING AND SCHEDULING 

 

A. Sequence work such that CU-2 is operational during the installation of chillers CH-1 

and CH-2 to allow for partial AHU-1 cooling during chiller install. 

 

B. Coordinate the installation of required supporting devices and set sleeves in poured-

in-place concrete and other structural components as they are constructed. 

 

C. Sequence, coordinate, and integrate installations of mechanical materials and 

equipment for efficient flow of the Work.  Coordinate installation of large equipment 

requiring positioning prior to closing in the building. 

 

D. Coordinate connection of electrical services. 

 

E. Coordinate connection of mechanical systems with exterior underground and 

overhead utilities and services.  Comply with requirements of governing regulations, 

franchised service companies, and controlling agencies. 

 

F. Coordinate requirements for access panels and doors where mechanical items 

requiring access are concealed behind finished surfaces.   

 

G. Coordinate installation of identifying devices after completing covering and painting 

where devices are applied to surfaces.  Install identifying devices prior to installing 

acoustical ceilings and similar concealment. 

 

 

PART 2 - PRODUCTS 

 

2.1 PIPE AND PIPE FITTINGS 

 

A. Refer to individual piping system specification Sections for pipe and fitting materials 

and joining methods. 

 

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

 

2.2 JOINING MATERIALS 

 

A. Refer to individual piping system specification Sections in Division 15 for special 

joining materials not listed below. 

 

B. Pipe Flange Gasket Materials:  Suitable for the chemical and thermal conditions of the 

piping system contents.  

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

except where 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. 
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2. ASME B16.20 for grooved, ring-joint, steel flanges. 

3. AWWA C110, rubber, flat face, 1/8 inch thick, except where other thickness 

is indicated; and full-face or ring type, except where type is indicated. 

 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, except where other material is 

indicated. 

 

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

piping system manufacturer, except where other type or material is indicated. 

 

E. Solder Filler Metal:  ASTM B 32. 

1. Alloy Sn95 or Alloy Sn94:  Tin (approximately 95 percent) and silver 

(approximately 5 percent), having 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 solvents complying with the following: 

1. Acrylonitrile-Butadiene-Styrene (ABS):  ASTM D 2235. 

2. Chlorinated Poly(Vinyl Chloride) (CPVC):  ASTM F 493. 

3. Poly(Vinyl Chloride) (PVC):  ASTM D 2564. 

4. PVC to ABS Transition:  Made to requirements of ASTM D 3138, color other 

than orange. 

 

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

 

J. Couplings:  Iron body sleeve assembly, fabricated to match outside diameters of plain-

end pressure pipes. 

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

2. Followers:  ASTM A 47, Grade 32510 or ASTM A 536 ductile iron. 

3. Gaskets:  Rubber. 

4. Bolts and Nuts:  AWWA C111. 

5. Finish:  Enamel paint. 

 

2.3 PIPING SPECIALTIES 

 

A. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type where 

required to conceal protruding fittings and sleeves. 

1. Inside Diameter:  Closely fit around pipe, tube, and insulation. 

2. Outside Diameter:  Completely cover opening. 

3. Cast Brass:  One-piece, with set-screw. 

a. Finish:  Rough brass. 

b. Finish:  Polished chrome plate. 

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

a. Finish:  Rough brass. 

b. Finish:  Polished chrome plate. 

5. Stamped Steel:  One-piece, with set-screw and chrome-plated finish. 

6. Stamped Steel:  One-piece, with spring clips and chrome-plated finish. 
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7. Stamped Steel:  Split plate, with concealed hinge, set-screw, and chrome-

plated finish. 

8. Stamped Steel:  Split plate, with concealed hinge, spring clips, and chrome-

plated finish. 

9. Stamped Steel:  Split plate, with exposed-rivet hinge, set-screw, and chrome-

plated finish. 

10. Stamped Steel:  Split plate, with exposed-rivet hinge, spring clips, and 

chrome-plated finish. 

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

 

B. Dielectric Fittings:  Assembly or fitting having insulating material isolating joined 

dissimilar metals to prevent galvanic action and stop corrosion. 

1. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, 

and weld neck end types and matching piping system materials. 

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

3. Dielectric Unions:  Factory-fabricated, union assembly for 250-psig minimum 

working pressure at a 180 deg F temperature. 

4. Dielectric Flanges:  Factory-fabricated, companion-flange assembly for 150- 

or 300-psig minimum pressure to suit system pressures. 

5. Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange 

assembly, full-face or ring type.  Components include neoprene or phenolic 

gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel 

backing washers. 

a. Provide separate companion flanges and steel bolts and nuts for 150- 

or 300-psig minimum working pressure to suit system pressures. 

6. Dielectric Couplings:  Galvanized-steel coupling, having inert and 

noncorrosive, thermoplastic lining, with threaded ends and 300-psig minimum 

working pressure at 225 deg F temperature. 

7. Dielectric Nipples:  Electroplated steel nipple, having inert and noncorrosive 

thermoplastic lining, with combination of plain, threaded, or grooved end 

types and 300-psig working pressure at 225 deg F temperature. 

 

C. Mechanical Sleeve Seals:  Modular, watertight mechanical type.  Components include 

interlocking synthetic rubber links shaped to continuously fill annular space between 

pipe and sleeve.  Connecting bolts and pressure plates cause rubber sealing elements 

to expand when tightened. 

 

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

1. Steel Sheet-Metal:  24-gage or heavier galvanized sheet metal, round tube 

closed with welded longitudinal joint. 

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

ends. 

3. Cast-Iron:  Cast or fabricated wall pipe equivalent to ductile-iron pressure 

pipe, having plain ends and integral water stop, except where other features 

are specified. 

4. Wall Penetration Systems:  Wall sleeve assembly, consisting of housing, 

gaskets, and pipe sleeve, with 1 mechanical-joint end conforming to AWWA 

C110 and 1 plain pipe-sleeve end. 

a. Penetrating Pipe Deflection:  5 percent without leakage. 
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b. Housing:  Ductile-iron casting having waterstop and anchor ring, with 

ductile-iron gland, steel studs and nuts, and rubber gasket conforming 

to AWWA C111, of housing and gasket size as required to fit 

penetrating pipe. 

c. Pipe Sleeve:  AWWA C151, ductile-iron pipe. 

d. Housing-to-Sleeve Gasket:  Rubber or neoprene push-on type of 

manufacturer's design. 

 

5. Cast-Iron Sleeve Fittings:  Commercially made sleeve having an integral 

clamping flange, with clamping ring, bolts, and nuts for membrane flashing. 

a. Under-deck Clamp:  Clamping ring with set-screws. 

 

2.4 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.  Where more than one type is 

specified for listed application, selection is Installer's option, but provide single 

selection for each product category. 

 

B. Equipment Nameplates:  Metal nameplate with operational data engraved or stamped, 

permanently fastened to equipment. 

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

operating and power characteristics, labels of tested compliances, and similar 

essential data. 

2. Location:  An accessible and visible location. 

 

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

on, color-coded pipe markers, conforming to ASME A13.1. 

 

D. Pressure-Sensitive Pipe Markers:  Manufacturer's standard preprinted, permanent 

adhesive, color-coded, pressure-sensitive vinyl pipe markers, conforming to ASME 

A13.1. 

 

E. Valve Tags:  Engraved brass numbered tags on steel chain. 

 

F. 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 (letter color) melamine subcore, except when other colors are 

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:  1/16 inch, except as otherwise indicated. 

5. Fasteners:  Self-tapping stainless-steel screws or contact-type permanent 

adhesive. 

 

G. Plastic Equipment Markers:  Laminated-plastic, color-coded equipment markers.  

Conform to 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. 
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4. Brown:  Energy reclamation equipment and components. 

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

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

A13.1. 

7. Nomenclature:  Include 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:  Approximately 2-1/2 by 4 inches for control devices, dampers, and 

valves; and 4-1/2 by 6 inches for equipment. 

 

H. Lettering and Graphics:  Coordinate names, abbreviations, and other designations 

used in mechanical 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:  Where multiple systems of same generic name are 

indicated, provide identification that indicates individual system number as 

well as service such as "Boiler No. 3," "Air Supply No. 1H," or "Standpipe 

F12." 

 

2.5 GROUT 

 

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

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement 

grout, nonstaining, noncorrosive, nongaseous, and recommended for interior 

and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 

3. Packaging:  Premixed and factory-packaged. 

 

2.6 FIRE-STOPPING 

 

A. Fire-Resistant Sealant:  Provide UL Listed firestopping system for filling openings 

around penetrations through walls and floors, having fire-resistance ratings indicated 

as established by testing identical assemblies per ASTM E 814 by Underwriters 

Laboratory, Inc. or other testing and inspecting agency acceptable to authorities 

having jurisdiction. 

 

B. Products:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Dow Corning Corp. 

2. 3M Corporation 

3. General Electric Co. 

4. Standard Oil Engineered Materials Co. 

5. Hilti, Inc. 

6. Tremco Corp. 
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PART 3 - EXECUTION 

 

3.1 PIPING SYSTEMS--COMMON REQUIREMENTS 

 

A. General:  Install piping as described below, except where system Sections specify 

otherwise.  Individual piping system specification Sections in Division 15 specify 

piping installation requirements unique to the piping system. 

 

B. General Locations and Arrangements:  Drawings (plans, schematics, and diagrams) 

indicate general location and arrangement of piping systems.  Indicated locations and 

arrangements were used to size pipe and calculate friction loss, expansion, pump 

sizing, and other design considerations.  Install piping as indicated, except where 

deviations to layout are approved on coordination drawings. 

 

C. Install piping at indicated slope. 

 

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

pressure. 

 

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

and service areas. 

 

F. Install piping free of sags and bends. 

 

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

Diagonal runs are prohibited, except where 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 clearance around 

insulation. 

 

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

 

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

 

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

 

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

board partitions, suspended ceilings, cabinet interiors and other exposed locations, 

according to the following: 

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

chrome-plated finish.  Use split-casting escutcheons, where required, for 

existing piping. 

2. Uninsulated Piping Wall Escutcheons:  Cast-brass or stamped-steel, with set-

screw. 

3. Uninsulated Piping Floor Plates in Utility Areas:  Cast-iron floor plates. 
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4. Insulated Piping:  Cast-brass or stamped-steel, with concealed hinge, spring 

clips, and chrome-plated finish. 

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

clips. 

 

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

and roof slabs, exterior walls, and where indicated. 

1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical 

equipment areas or other wet areas 2 inches above finished floor 

level.  Extend cast-iron sleeve fittings below floor slab as required to 

secure clamping ring where specified. 

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

3. Install large enough sleeves to provide 1/4-inch annular clear space between 

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

a. Steel Pipe Sleeves:  For pipes smaller than 6 inches. 

b. Steel Sheet-Metal Sleeves:  For pipes 6 inches and larger that 

penetrate gypsum-board partitions. 

c. Cast-Iron Sleeve Fittings:  For floors having membrane 

waterproofing.  Secure flashing between clamping flanges.  Install 

section of cast-iron soil pipe to extend sleeve to 2 inches above 

finished floor level.  Flashing is specified in Division 7 Section 

"Flashing and Sheet Metal." 

1) Seal space outside of sleeve fittings with nonshrink, 

nonmetallic grout. 

4. Except for below-grade wall penetrations, seal annular space between sleeve 

and pipe or pipe insulation in non-rated floors and partitions, using 

elastomeric joint sealants.  EXCEPTION:  Fire rated partition penetrations 

shall be sealed with U.L. Listed firestopping systems. 

 

O. Above Grade, Exterior Wall, Pipe Penetrations:  Seal penetrations using sleeves and 

elastomeric sealant.  Size sleeve for ½-inch annular clear space between pipe and 

sleeve for installation of sealant. 

1. Install steel pipe for sleeves smaller than 6 inches. 

2. Install sheet metal sleeve assembly for sleeves 6 inches and larger. 

3. Install cast iron sleeves according to manufacturer’s preprinted instructions. 

 

P. Fire Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 

and floors at pipe penetrations.  Seal pipe penetrations with U.L. Listed firestopping 

sealant system.  

 

Q. Verify final equipment locations for roughing in. 

 

R. Refer to equipment specifications in other Sections for roughing-in requirements. 

 

S. Piping Joint Construction:  Join pipe and fittings as follows and as specifically 

required in individual piping system Sections. 

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

pipe. 

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

fittings before assembly. 
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3. Soldered Joints:  Construct joints according to AWS "Soldering Manual," 

Chapter 22 "The Soldering of Pipe and Tube." 

4. Brazed Joints:  Construct joints according to AWS "Brazing Manual" in the 

"Pipe and Tube" chapter. 

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 inside diameter.  Join pipe fittings and 

valves as follows: 

a. Note the 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 

(except where 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 having threads 

that are corroded or damaged.  Do not use pipe sections that have 

cracked or open welds. 

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

Practices and Procedures for Welding Low Carbon Steel Pipe" using qualified 

processes and welding operators according to the "Quality Assurance" Article. 

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

material, size, type, and thickness for service application.  Install gasket 

concentrically positioned.  Assemble joints by sequencing bolt tightening to 

make initial contact of flanges and gaskets as flat and parallel as possible.  

Use suitable lubricants on bolt threads.  Tighten bolts gradually and uniformly 

using torque wrench. 

8. Plastic Pipe and Fitting Solvent-Cement Joints:  Clean and dry joining 

surfaces by wiping with clean cloth or paper towels.  Join pipe and fittings 

according to the following standards: 

a. Comply with ASTM F 402 for safe handling of solvent-cement and 

primers. 

b. Acrylonitrile-Butadiene-Styrene (ABS):  ASTM D 2235 and ASTM 

D 2661. 

c. Chlorinated Poly(Vinyl Chloride) (CPVC):  ASTM D 2846 and 

ASTM F 493. 

d. Poly(Vinyl Chloride) (PVC) Pressure Application:  ASTM D 2672. 

e. Poly(Vinyl Chloride) (PVC) Non-Pressure Application:  ASTM D 

2855. 

f. PVC to ABS (Non-Pressure) Transition:  Procedure and solvent 

cement described in ASTM D 3138. 

 

T. Piping Connections:  Except as otherwise indicated, make piping connections as 

specified below. 

1. Install unions in piping 2 inches and smaller adjacent to each valve and at 

final connection to each piece of equipment having a 2-inch or smaller 

threaded pipe connection. 

2. Install flanges in piping 2-1/2 inches and larger adjacent to flanged valves and 

at final connection to each piece of equipment having flanged pipe 

connection. 
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3. Install dielectric unions and flanges to connect piping materials of dissimilar 

metals. 

 

3.2 EQUIPMENT INSTALLATION--COMMON REQUIREMENTS 

 

A. Install equipment to provide the maximum possible headroom where mounting 

heights are not indicated. 

 

B. Install equipment according to approved submittal data.  Portions of the Work are 

shown only in diagrammatic form.  Refer conflicts to the Design Professional. 

 

C. Install equipment level and plumb, parallel and perpendicular to other building 

systems and components in exposed interior spaces, except where otherwise indicated. 

 

D. Install mechanical equipment to facilitate servicing, maintenance, and repair or 

replacement of equipment components.  Connect equipment for ease of disconnecting, 

with minimum of interference with other installations.  Extend grease fittings to an 

accessible location. 

 

E. Install equipment giving right-of-way to piping systems installed at a required slope. 

 

F. Equipment and appliances containing evaporators or cooling coils shall be installed 

with a means of condensate removal in compliance with IMC 307.2.  A water level 

detection device conforming to UL 508 shall be provided for all main condensate pans 

and be interlocked to de-energize the unit’s main fan should the drain pan water level 

exceed the main drain pipe connection level.  Additional measures shall be taken 

where indicated on drawings or specifications. 

 

3.3 LABELING AND IDENTIFYING 

 

A. Piping Systems:  Install pipe markers on each system.  Include arrows showing 

normal direction of flow. 

1. Plastic markers, with application systems.  Install on pipe insulation segment 

where required for hot non-insulated pipes. 

2. Locate pipe markers wherever piping is exposed in finished spaces, machine 

rooms, accessible maintenance spaces (shafts, tunnels, plenums), and exposed 

exterior locations as follows: 

a. Near each valve and control device. 

b. Near each branch, excluding short take-offs for fixtures and terminal 

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

c. Near locations where pipes pass through walls, floors, ceilings, or 

enter inaccessible 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 a maximum of 50-foot intervals along each run.  Reduce 

intervals to 25 feet in congested areas of piping and equipment. 

3. On piping above removable acoustical ceilings, provide as noted in the 

previous paragraph except omit intermediately spaced markers. 
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B. Valves:  Provide tags on all valves provided under the project.  Furnish a typed list of 

all tags to the Owner at project closeout. 

 

C. Equipment:  Install engraved plastic laminate sign or equipment marker on or near 

each major item of mechanical equipment. 

1. Lettering Size:  Minimum 1/4-inch -high lettering for name of unit where 

viewing distance is less than 2 feet, 1/2-inch -high for distances up to 6 feet, 

and proportionately larger lettering for greater distances.  Provide secondary 

lettering 2/3 to 3/4 of size of principal lettering. 

2. Text of Signs:  Provide text to distinguish between multiple units, inform 

operator of operational requirements, indicate safety and emergency 

precautions, and warn of hazards and improper operations, in addition to 

name of identified unit. 

 

D. Mark all above ceiling devices such as valves, fire dampers, pumps and HVAC 

equipment with signs located on the ceiling below. 

 

E. 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 where ducts are exposed or concealed by removable 

ceiling system, locate signs near points where ducts enter into space and at 

maximum intervals of 50 feet. 

 

F. Adjusting:  Relocate identifying devices which become visually blocked by work of 

this Division or other Divisions. 

 

3.4 PAINTING AND FINISHING 

 

A. Damage and Touch Up:  Repair marred and damaged factory-painted finishes with 

materials and procedures to match original factory finish. 

 

B. Paint all exposed steel surfaces of piping and supports with one coat of primer and 

two coats of enamel. 

 

3.5 CONCRETE BASES 

 

A. Construct concrete equipment bases of dimensions indicated, but not less than 4 

inches larger than supported unit in both directions.  Follow supported equipment 

manufacturer's setting templates for anchor bolt and tie locations.    Use 3000-psi,  28-

day compressive strength concrete   with 6 x 6 x #10 reinforcing wire mesh.  Outdoor 

concrete bases shall extend a minimum of 4" above grade and be a minimum 

thickness of 6". 

 

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." 
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3.7 ERECTION OF WOOD SUPPORTS AND ANCHORAGE 

 

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and 

anchor mechanical materials and equipment. 

 

B. Select fastener sizes that will not penetrate members where opposite side will be 

exposed to view or will receive finish materials.  Make tight connections between 

members.  Install fasteners without splitting wood members. 

 

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

 

3.8 DEMOLITION 

 

A. Disconnect, demolish, and remove work specified under Division 15 and as indicated. 

 

B. Where pipe, ductwork, insulation, or equipment to remain is damaged or disturbed, 

remove damaged portions and install new products of equal capacity and quality. 

 

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

piping and ductwork that remains in place. 

 

D. Abandoned Work:  Cut and remove pipe abandoned in place, 2 inches beyond the face 

of adjacent construction.  Cap piping and patch surface to match existing finish. 

 

E. Removal:  Remove indicated equipment, piping and ductwork from the Project site 

unless noted otherwise. 

 

F. Where equipment is indicated to be demolished and removed, and utility runouts are 

not designated for re-use: 

1. Remove associated gas hydronic, steam and refrigerant runout piping from the 

equipment back to the branching point or source unit. Cap remaining pipe and 

reinsulate as required. 

2. Remove associated power wiring and raceway back to circuit protection 

device. Re-label circuit protection device. 

3. Remove associated control devices, and control wiring. 

 

G. Temporary Disconnection:  Remove, store, clean, reinstall, reconnect, and make 

operational equipment indicated for relocation. 

 

H. Where floor-mounted equipment is removed, concrete pads shall be removed unless 

designated for re-use. 

 

I. Remove all hangers, supports and anchors associated with mechanical items being 

removed. Patch surfaces to match adjacent finishes. 

 

3.9 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 the 

trades involved. 

 

B. Repair cut surfaces to match adjacent surfaces. 
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3.10 GROUTING 

 

A. Install nonmetallic non-shrink grout for mechanical equipment base bearing surfaces, 

pump and other equipment base plates, and anchors.  Mix grout according to 

manufacturer's printed instructions. 

  

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

 

C. Provide forms for placement of grout, as required. 

 

D. Avoid air entrapment when placing grout. 

 

E. Place grout to completely fill equipment bases. 

 

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

 

G. Place grout around anchors. 

 

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

 

 

END OF SECTION 15050 
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SECTION 15100 

VALVES 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes general duty valves common to several mechanical piping 

systems. 

 

B. Related Sections:  The following Sections contain requirements that relate to this 

Section: 

1. Special purpose valves are specified in Division 15 piping system Sections. 

2. Valve tags and charts are specified in Division 15 Section "Mechanical 

Identification." 

 

1.3 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product Data for each valve type.  Include body material, valve design, pressure and 

temperature classification, end connection details, seating materials, trim material and 

arrangement, dimensions and required clearances, and installation instructions.  

Include list indicating valve and its application. 

 

C. Maintenance data for valves to include in the operation and maintenance manual.  

Include detailed manufacturer's instructions on adjusting, servicing, disassembling, 

and repairing. 

 

1.4 QUALITY ASSURANCE 

 

A. ASME Compliance:  Comply with ASME B31.9 for building services piping and 

ASME B31.1 for power piping. 

 

B. MSS Compliance:  Comply with the various MSS Standard Practice documents 

referenced. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 

2. Protect threads, flange faces, grooves, and weld ends. 

3. Set globe and gate valves closed to prevent rattling. 

4. Set ball and plug valves open to minimize exposure of functional surfaces. 

5. Set butterfly valves closed or slightly open. 

6. Block check valves in either closed or open position. 
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B. Use the following precautions during storage: 

1. Maintain valve end protection. 

2. Store indoors and maintain valve temperature higher than ambient dew-point 

temperature.  If outdoor storage is necessary, store valves off the ground in 

watertight enclosures. 

 

C. Use a sling to handle large valves.  Rig to avoid damage to exposed parts.  Do not use 

hand-wheels and stems as lifting or rigging points. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

the following: 

1. American Valve Co. 

2. Crane Company; Valves and Fitting Division. 

3. Hammond Valve Corporation. 

4. Apollo/Conbraco Ind. Inc. 

5. Lunkenheimer/Cincinnati Valve Co. 

6. Milwaukee Valve Company, Inc. 

7. Nexus 

8. NIBCO Inc. 

9. Powell Valves 

10. Red-White Valve Corp. 

11. Stockham Valves & Fittings, Inc. 

12. Victaulic (grooved piping applications.) 

13. Kitz Corporation of America 

 

2.2 BASIC, COMMON FEATURES 

 

A. Design:  Rising stem or rising outside screw and yoke stems, except as specified 

below. 

1. Non-rising stem valves may be used only where headroom prevents full 

extension of rising stems. 

 

B. Pressure and Temperature Ratings:  As indicated in the "Application Schedule" of 

Part 3 of this Section and as required to suit system pressures and temperatures. 

 

C. Sizes:  Same size as upstream pipe, unless otherwise indicated. All valves shall be a 

full port design. 

 

D. Operators:  Use specified operators and handwheels, except provide the following 

special operator features: 

1. Hand-wheels:  For valves other than quarter turn. 

2. Lever Handles:  For quarter-turn valves 6 inches and smaller, except for plug 

valves, which shall have square heads.  Furnish Owner with 1 wrench for 

every 10 plug valves. 

3. Chain-Wheel Operators:  For valves 4 inches and larger, installed 96 inches or 

higher above finished floor elevation. 

4. Gear-Drive Operators:  For quarter-turn valves 8 inches and larger. 
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E. Extended Stems:  Where insulation is indicated or specified, provide extended stems 

arranged to receive insulation. 

 

F. Bypass and Drain Connections:  Comply with MSS SP-45 bypass and drain 

connections. 

 

G. Threads:  ASME B1.20.1. 

 

H. Flanges:  ASME B16.1 for cast iron, ASME B16.5 for steel, and ASME B16.24 for 

bronze valves. 

 

I. Solder Joint:  ASME B16.18. 

1. Caution:  Where soldered end connections are used, use solder having a 

melting point below 840 deg F for gate, globe, and check valves; below 421 

deg F for ball valves. 

 

2.3 GATE VALVES 

 

A. Gate Valves, 2-1/2 Inches and Smaller:  MSS SP-80; Class 125, 200-psi cold working 

pressure (CWP), or Class 150, 300-psi CWP; ASTM B 62 cast-bronze body and 

bonnet, solid-bronze wedge, copper-silicon alloy rising stem, teflon-impregnated 

packing with bronze packing nut, threaded or soldered end connections; and with 

aluminum or malleable-iron handwheel. 

 

B. Gate Valves, 3 Inches and Larger:  MSS SP-70, Class 125, 200-psi CWP, ASTM A 

126 cast-iron body and bonnet, solid cast-iron wedge, brass-alloy stem, outside screw 

and yoke, teflon-impregnated packing with 2-piece packing gland assembly, flanged 

end connections; and with cast-iron handwheel. 

 

2.4 BALL VALVES 

 

A. Ball Valves, 4 Inches and Smaller:  MSS SP-110, Class 150, 600-psi CWP, ASTM B 

584 bronze body and bonnet, 2-piece construction with threaded packing gland on the 

valve stem seal; chrome-plated brass ball, full port; blowout proof; bronze or brass 

stem; teflon seats and seals; threaded or soldered end connections: 

1. Operator:  Vinyl-covered steel lever handle. 

2. Stem Extension:  For valves installed in insulated piping. 

3. Memory Stop:  For operator handles. 

 

2.5 PLUG VALVES 

 

A. Plug Valves:  MSS SP-78, 175-psi CWP, ASTM A 126 cast-iron body and bonnet, 

cast-iron plug, Buna N, Viton, or teflon packing, flanged or grooved end connections: 

1. Operator:  Square head with 1 wrench for every 10 valves. 

2. Operator:  Worm and gear with handwheel, sizes 6 inches and larger. 

3. Operator:  Worm and gear with chain wheel, sizes 6 inches and larger, 96 

inches or higher above floor. 
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2.6 GLOBE VALVES 

 

A. Globe Valves, 2-1/2 Inches and Smaller:  MSS SP-80; Class 125, 200-psi CWP, or 

Class 150, 300-psi CWP; ASTM B 62 cast-bronze body and screwed bonnet, rubber, 

bronze, or teflon disc, silicon bronze-alloy stem, teflon-impregnated packing with 

bronze nut, threaded or soldered end connections; and with aluminum or malleable-

iron handwheel. 

 

B. Globe Valves, 3 Inches and Larger:  MSS SP-85, Class 125, 200-psi CWP, ASTM A 

126 cast-iron body and bolted bonnet with bronze fittings, renewable bronze seat and 

disc, brass-alloy stem, outside screw and yoke, teflon-impregnated packing with cast-

iron follower, flanged end connections; and with cast-iron handwheel. 

 

2.7 BUTTERFLY VALVES 

 

A. Butterfly Valves:  MSS SP-67, 200-psi CWP, 150-psi maximum pressure differential, 

ASTM A 126 cast-iron body and bonnet (or ductile iron body and bonnet), extended 

neck, stainless-steel stem, field-replaceable EPDM sleeve and stem seals, wafer, lug, 

or grooved style: 

1. Disc Type:  Aluminum bronze. 

2. Operator for Sizes 2 Inches to 6 Inches:  Standard lever handle. 

 

2.8 CHECK VALVES 

 

A. Swing Check Valves, 2-1/2 Inches and Smaller:  MSS SP-80; Class 125, 200-psi 

CWP, or Class 150, 300-psi CWP; horizontal swing, Y-pattern, ASTM B 62 cast-

bronze body and cap, rotating bronze disc with rubber seat or composition seat, 

threaded or soldered end connections: 

 

B. Swing Check Valves, 3 Inches and Larger:  MSS SP-71, Class 125, 200-psi CWP, 

ASTM A 126 cast-iron body and bolted cap, horizontal-swing bronze disc, flanged or 

grooved end connections. 

 

C. Wafer Check Valves:  Class 125, 200-psi CWP, ASTM A 126 cast-iron body, bronze 

disc/plates, stainless-steel pins and springs, Buna N seals, installed between flanges. 

 

D. Lift Check Valves:  Class 125, ASTM B 62 bronze body and cap (main components), 

horizontal or vertical pattern, lift-type, bronze disc or Buna N rubber disc with 

stainless-steel holder threaded or soldered end connections. 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine piping system for compliance with requirements for installation tolerances 

and other conditions affecting performance of valves.  Do not proceed with 

installation until unsatisfactory conditions have been corrected. 

 

B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  

Remove special packing materials, such as blocks, used to prevent disc movement 

during shipping and handling. 
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C. Operate valves from fully open to fully closed positions.  Examine guides and seats 

made accessible by such operation. 

 

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

 

E. Examine mating flange faces for conditions that might cause leakage.  Check bolting 

for proper size, length, and material.  Check gasket material for proper size, material 

composition suitable for service, and freedom from defects and damage. 

 

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

 

3.2 INSTALLATION 

 

A. Install valves as indicated, according to manufacturer's written instructions. 

 

B. Piping installation requirements are specified in other Division 15 Sections.  Drawings 

indicate the general arrangement of piping, fittings, and specialties. 

 

C. Install valves with unions or flanges at each piece of equipment arranged to allow 

servicing, maintenance, and equipment removal without system shutdown. 

 

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

 

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

 

F. Install valves in a position to allow full stem movement. 

 

G. Installation of Check Valves:  Install for proper direction of flow as follows: 

1. Swing Check Valves:  Horizontal position with hinge pin level. 

2. Wafer Check Valves:  Horizontal or vertical position, between flanges. 

3. Lift Check Valve:  With stem upright and plumb. 

 

3.3 SOLDERED CONNECTIONS 

 

A. Cut tube square and to exact lengths. 

 

B. Clean end of tube to depth of valve socket with steel wool, sand cloth, or a steel wire 

brush to a bright finish.  Clean valve socket. 

 

C. Apply proper soldering flux in an even coat to inside of valve socket and outside of 

tube. 

 

D. Open gate and globe valves to fully open position. 

 

E. Remove the cap and disc holder of swing check valves having composition discs. 

 

F. Insert tube into valve socket, making sure the end rests against the shoulder inside 

valve.  Rotate tube or valve slightly to ensure even distribution of the flux. 
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G. Apply heat evenly to outside of valve around joint until solder melts on contact.  Feed 

solder until it completely fills the joint around tube.  Avoid hot spots or overheating 

valve.  Once the solder starts cooling, remove excess amounts around the joint with a 

cloth or brush. 

 

3.4 THREADED CONNECTIONS 

 

A. Note the internal length of threads in valve ends and proximity of valve internal seat 

or wall to determine how far pipe should be threaded into valve. 

 

B. Align threads at point of assembly. 

 

C. Apply appropriate tape or thread compound to the external pipe threads, except where 

dry seal threading is specified. 

 

D. Assemble joint, wrench tight.  Wrench on valve shall be on the valve end into which 

the pipe is being threaded. 

 

3.5 FLANGED CONNECTIONS 

 

A. Align flange surfaces parallel. 

 

B. 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 with a torque wrench. 

 

C. For dead-end service, butterfly valves require flanges both upstream and downstream 

for proper shutoff and retention. 

 

3.6 VALVE END SELECTION 

 

A. Select valves with the following ends or types of pipe/tube connections: 

1. Copper Tube Size, 2-1/2 Inches and Smaller:  Solder ends or threaded ends. 

2. Steel Pipe Sizes, 2-1/2 Inches and Smaller:  Threaded end. 

3. Steel Pipe Sizes, 3 Inches and Larger:  Flanged end. 

 

3.7 APPLICATION SCHEDULE 

 

A. General Application:  Use gate, ball, and butterfly valves (as indicated) for shutoff 

duty; globe, ball, and butterfly for throttling duty.  Refer to piping system 

Specification Sections for specific valve applications and arrangements. 

 

B. Domestic Water Systems:  Use the following valve types: 

1. Gate Valves:  Class 125, bronze or cast-iron body to suit piping system. 

2. Ball Valves:  Class 150, 600-psi CWP, with stem extension. 

3. Plug Valves:  Neoprene-faced plug, Buna N packing. 

4. Globe Valves:  Class 125, bronze or cast-iron body to suit piping system, and 

bronze or teflon disc. 

5. Butterfly Valves:  Nickel-plated ductile iron, aluminum bronze, or elastomer-

coated ductile iron disc; EPDM or Buna N sleeve and stem seals. 

6. Bronze Swing Check:  Class 125, with rubber seat. 

7. Check Valves:  Class 125, swing or wafer type as indicated. 
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C. Chilled-Water Systems:  Use the following valve types: 

1. Gate Valves:  Class 150, bronze body; or Class 125, cast-iron body. 

2. Ball Valves:  Class 150, 600-psi CWP, with stem extension and memory stop. 

3. Plug Valves:  Buna N packing. 

4. Globe Valves:  Class 125, bronze body with bronze or teflon disc; or Class 

125, cast-iron body. 

5. Butterfly Valves:  Nickel-plated ductile iron, aluminum bronze, or elastomer-

coated ductile iron disc; EPDM sleeve and stem seals. 

6. Check Valves:  Class 125, bronze body swing check with rubber seat; Class 

125, cast-iron body swing check; Class 125, cast-iron body wafer check; or 

Class 125, cast-iron body lift check. 

 

3.8 ADJUSTING 

 

A. Adjust or replace packing after piping systems have been tested and put into service, 

but before final adjusting and balancing.  Replace valves if leak persists. 

 

 

END OF SECTION 15100 
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SECTION 15125 

PIPE EXPANSION JOINTS 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes pipe expansion joints, guides, and anchors for mechanical 

piping systems. 

 

1.3 PERFORMANCE REQUIREMENTS 

 

A. Compatibility:  Provide pipe expansion joints, pipe alignment guides, and pipe 

anchors suitable for piping system fluids, materials, working pressures, and 

temperatures. 

 

B. Design and obtain approval from authority with jurisdiction, seismic restraints for 

pipe expansion joints and pipe anchor system. 

 

1.4 SUBMITTALS 

 

A. General:  Submit the following according to the Conditions of the Contract. 

 

B. Product data for each type of pipe expansion joint and pipe alignment guide specified. 

 

C. Welder certificates signed by Contractor certifying that welders comply with 

requirements specified under the "Quality Assurance" Article. 

 

D. Maintenance data for each type pipe expansion joint specified to include in the 

"Operating and Maintenance Manuals". 

 

1.5 QUALITY ASSURANCE 

 

A. Qualify welding processes and welding operators according to AWS D1.1 "Structural 

Welding Code--Steel." 

1. Certify that each welder has satisfactorily passed AWS qualification tests for 

welding processes involved and, if pertinent, has undergone recertification. 

 

B. Qualify welding processes and welding operators according to ASME "Boiler and 

Pressure Vessel Code," Section IX, "Welding and Brazing Qualifications." 

 

C. Licensed Engineer's Design Drawings and Calculations:  Design and prepare drawings 

and calculations for seismic restraint of pipe expansion joints, pipe alignment guides, 

and pipe anchors.  Include seal and signature of Registered Engineer, licensed in 

jurisdiction where Project is located, certifying compliance with specifications. 
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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. Metal-Bellows, Packless-Type Pipe Expansion Joints: 

a. Adsco Manufacturing Corp. 

b. Anamet, Inc. 

c. Badger Industries, Inc. 

d. Hyspan Precision Products, Inc. 

e. Keflex, Inc. 

f. Metraflex Co. 

g. Pathway Bellows, Inc., Dover Corp. 

h. Piping Technology & Products, Inc. 

i. Proco Products, Inc. 

j. Senior Flexonics Inc., Expansion Joint Div. 

2. Expansion-Compensator, Packless-Type Pipe Expansion Joints: 

a. Adsco Manufacturing Corp. 

b. Hyspan Precision Products, Inc. 

c. Keflex, Inc. 

d. Metraflex Co. 

e. Senior Flexonics Inc., Expansion Joint Div. 

3. Rubber-Sphere, Packless-Type Pipe Expansion Joints: 

a. Garlock Mechanical Packing Div., Colt Industries. 

b. General Rubber Corp. 

c. Keflex, Inc. 

d. MG Piping Products Co. 

e. Mason Industries, Inc. 

f. Mercer Rubber Co. 

g. Metraflex Co. 

h. Proco Products, Inc. 

i. Senior Flexonics Inc., Expansion Joint Div. 

j. Vibration Mountings & Controls, Inc. 

4. Slip-Type Pipe Expansion Joints: 

a. Adsco Manufacturing Corp. 

b. Advanced Thermal Systems, Inc. 

5. Ball-Type Pipe Expansion Joints: 

a. Advanced Thermal Systems, Inc. 

b. Barco Div., Marison Industries. 

6. Coupling, Grooved-Piping-Type Pipe Expansion Joints: 

a. Grinnell Corp., Pipe Supports Div. 

b. Gustin-Bacon Div., Tyler Pipe Subsid., Tyler Corp. 

c. Stockham Valves & Fittings, Inc. 

d. Victaulic Company of America. 

7. Slip-Joint, Grooved-Piping-Type, Pipe Expansion Joints: 

a. Victaulic Company of America. 
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8. Pipe Alignment Guides: 

a. Adsco Manufacturing Corp. 

b. Advanced Thermal Systems, Inc. 

c. B-Line Systems, Inc. 

d. Grinnell Corp., Pipe Supports Div. 

e. Hyspan Precision Products, Inc. 

f. Keflex, Inc. 

g. Metraflex Co. 

 

2.2 PIPE EXPANSION JOINTS, GENERAL 

 

A. Capability:  Absorb 200 percent of maximum piping expansion between anchors. 

 

B. Refer to "Pipe Expansion Joint Schedule" for criteria of individual pipe expansion 

joints. 

 

2.3 PACKLESS-TYPE PIPE EXPANSION JOINTS 

 

A. Metal-Bellows Packless-Type Pipe Expansion Joints:  Pressure rated for 175 psig 

minimum; conform to the standards of Expansion Joint Manufacturers Association, 

Inc. (EJMA); with end fittings and external tie rods for limiting maximum travel.  

Features include the following: 

1. Copper Piping Systems:  2-ply phosphor-bronze bellows and brass shrouds. 

2. Steel Piping Systems:  2-ply stainless-steel bellows and carbon-steel shrouds. 

 

B. Expansion-Compensator Packless-Type Pipe Expansion Joints:  Pressure rated for 60 

psig minimum for low-pressure systems and for 175 psig minimum for high-pressure 

systems.  Include 2-ply phosphor bronze bellows, brass shrouds, and end fittings for 

copper piping systems and 2-ply stainless-steel bellows, carbon-steel shrouds, and end 

fittings for steel piping systems.  Include internal guides, antitorque device, and 

removable end clip for proper positioning. 

 

C. Rubber-Sphere Packless-Type Pipe Expansion Joints:  Single-sphere type, fabric-

reinforced butyl rubber with full-faced integral flanges, external control rods, and 

internal reinforcing.  Include steel retaining rings drilled to match flange bolt holes 

over entire surface of flanges.  Pressure rating is 175 psig minimum at 240 deg F 

minimum. 

 

D. Rubber-Sphere Packless-Type Pipe Expansion Joints:  Double-sphere type, fabric-

reinforced butyl rubber with full-faced integral flanges, external control rods, and 

internal reinforcing.  Include steel retaining rings drilled to match flange bolt holes 

over entire surface of flanges.  Pressure rating is 175 psig minimum at 240 deg F 

minimum. 

 

2.4 SLIP-TYPE PIPE EXPANSION JOINTS 

 

A. Carbon-steel packing-type expansion joint designed for repacking under pressure.  

Include limit stops, flanged or weld ends to match piping system, and drip connection 

where used for steam piping systems. 

1. Joint Packing: Asbestos-free polytetrafluoroethylene (PTFE) compound. 

2. Pressure Rating:  250 psig minimum at 400 deg F minimum. 

 



 

Pipe Expansion Joints 15125-4 17040 

2.5 BALL-TYPE PIPE EXPANSION JOINTS 

 

A. General:  Designed for 360-degree (6.3 rad) rotation and minimum of 30-degree (0.52 

rad) angular deflection for sizes 6 inches and smaller and 15-degree (0.26 rad) for 

sizes 8 inches and larger. 

 

B. Carbon steel and comply with ASME "Boiler and Pressure Vessel Code," Section II 

"Materials Specifications" and ASME B31.9 "Building Services Piping" for materials 

and design of pressure containing parts and bolting. 

1. Packing:  Asbestos-free composition. 

2. Pressure Rating:  250 psig minimum at 400 deg F minimum. 

3. Factory Test:  Test before shipment with steam at working pressure of piping 

system with no leaks. 

 

2.6 GROOVED-PIPING-TYPE PIPE EXPANSION JOINTS 

 

A. Coupling:  ASTM A 53, cut-grooved, short, steel-pipe nipples, and ductile-iron or 

malleable-iron shouldered couplings.  Include removable ties to hold joint compressed 

or expanded during piping fabrication.  Include suitable gasket materials for piping 

system. 

 

B. Slip-Joint:  ASTM A 53, steel-pipe body; polytetrafluoroethylene (PTFE), modified-

polyphenylene-coated steel-pipe slide; and ductile-iron or malleable-iron housing.  

Include suitable gasket material for piping system. 

 

2.7 PIPE ALIGNMENT GUIDES 

 

A. Factory-fabricated cast semisteel or heavy fabricated steel, consisting of bolted two-

section outer cylinder and base.  Include two-section guiding spider that bolts tightly 

to the pipe. 

1. Alignment Guide Lengths:  As required for indicated travel. 

 

2.8 MISCELLANEOUS MATERIALS 

 

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

 

B. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel, hex-head, track bolts and nuts. 

 

C. Washers:  ASTM F 844, steel, plain, flat washers. 

 

D. Powder-Actuated Fasteners:  Attachments with pull-out and shear capacities 

appropriate for supported loads and building materials where used. 

 

E. Concrete:  Portland-cement mix, 3000 psi. 

1. Cement:  ASTM C 150, Type I. 

2. Fine Aggregate:  ASTM C 33, sand. 

3. Coarse Aggregate:  ASTM C 33, crushed gravel. 

4. Water:  Potable. 
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F. Grout:  ASTM C 1107, Grade B, nonshrink, nonmetallic. 

1. Characteristics include post-hardening volume-adjusting dry hydraulic-

cement-type grout that is nonstaining, noncorrosive, nongaseous and is 

recommended for both interior and exterior applications. 

2. Design Mix:  5000 psi, 28-day compressive strength. 

3. Water:  Potable. 

4. Packaging:  Premixed and factory-packaged. 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine substrates and conditions under which pipe expansion joints, pipe alignment 

guides, and pipe anchors are to be installed.  Do not proceed until unsatisfactory 

conditions have been corrected. 

 

3.2 PIPE EXPANSION JOINT INSTALLATION 

 

A. Install pipe expansion joints according to manufacturer's written instructions. 

 

B. Align expansion joints to avoid end-loading and torsional stress. 

 

3.3 FABRICATED-TYPE PIPE EXPANSION COMPENSATION INSTALLATION 

 

A. Install pipe expansion loops cold-sprung in tension or compression as required to 

absorb 50 percent of total compression or tension that will be produced during 

anticipated change in temperature. 

 

3.4 PIPE ALIGNMENT GUIDE INSTALLATION 

 

A. Install pipe alignment guides on piping that adjoins pipe expansion joints. 

 

B. Install pipe alignment guides on piping that adjoins pipe expansion loops. 

 

C. Install pipe alignment guides on piping elsewhere as indicated. 

 

D. Secure pipe alignment guides to building substrate. 

 

3.5 PIPE ANCHOR INSTALLATION 

 

A. Install pipe anchors at proper locations to prevent stresses from exceeding those 

permitted by ASME B31.9 and to prevent transfer of loading and stresses to 

connected equipment. 

 

B. Fabricate and install anchors by welding steel shapes, plates, and bars to piping and to 

structure.  Comply with ASME B31.9 and with AWS D1.1. 

 

C. Construct concrete pipe anchors of poured-in-place concrete of dimensions indicated. 

 

D. Where pipe expansion joints are indicated, install pipe anchors according to expansion 

unit manufacturer's written instructions to control movement to compensators. 
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E. Pipe Anchor Spacings:  Where not otherwise indicated, install pipe anchors at ends of 

principal pipe runs, at intermediate points in pipe runs between expansion loops and 

bends.  Preset anchors as required to accommodate both expansion and contraction of 

piping. 

 

F. Use grout to form flat bearing surfaces for pipe expansion joints, pipe alignment 

guides, and pipe anchors that are installed on or in concrete. 

 

3.6 PAINTING 

 

A. Touching Up:  Clean field welds and abraded areas of shop paint and paint, exposed 

areas immediately after erecting hangers and supports.  Use same materials as used for 

shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted 

surfaces. 

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

 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

 

3.7 FIELD QUALITY CONTROL 

 

A. Licensed Engineer's Installation Report:  Prepare report covering installation of pipe 

expansion joints, pipe alignment guides, and pipe anchors.  Include seal and signature 

of Registered Engineer, licensed in jurisdiction where Project is located, certifying 

compliance with specifications. 

 

 

END OF SECTION 15125 
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SECTION 15135 

METERS AND GAGES 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes meters and gages used in mechanical systems. 

 

B. Related Sections:  Division 15 piping Sections contain requirements that relate to this 

Section. 

1. Meters and gages furnished as part of factory-fabricated equipment are 

specified as part of the equipment assembly in other Division 15 Sections. 

 

1.3 SUBMITTALS 

 

A. General:  Submit the following according to the Conditions of the Contract. 

 

B. Product data for each type of meter, gage, and fitting specified.  Include scale range, 

ratings, and calibrated performance curves, certified where indicated. 

 

C. Product certificates signed by manufacturers of meters and gages certifying accuracies 

under specified operating conditions and compliance with specified requirements. 

 

1.4 QUALITY ASSURANCE 

 

A. Comply with applicable portions of American Society of Mechanical Engineers 

(ASME) and Instrument Society of America (ISA) standards pertaining to 

construction and installation of meters and gages. 

 

B. Design Criteria:  The Drawings indicate types, sizes, capacities, ranges, profiles, 

connections, and dimensional requirements of meters and gages and are based on the 

specific manufacturer types and models indicated.  Meters and gages having equal 

performance characteristics by other manufacturers may be considered, provided that 

deviations do not change the design concept or intended performance as judged by the 

Design Professional.  The burden of proof for equality of meters and gages is on the 

proposer. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

the following: 
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1. Liquid-in-Glass Thermometers: 

a. Marsh Instrument Co. 

b. Marshalltown Instruments, Inc. 

c. H.O. Trerice Co. 

d. Weiss Instruments, Inc. 

e. Weksler Instruments Corp. 

2. Direct-Mounting Filled-System Dial Thermometers: 

a. Ashcroft Instrument Div. of Dresser Industries. 

b. Marsh Instrument Co. 

c. H.O. Trerice Co. 

d. Weiss Instruments, Inc. 

e. Weksler Instruments Corp. 

3. Remote-Reading Filled-System Dial Thermometers: 

a. AMETEK, U.S. Gauge Div. 

b. Ashcroft by Dresser Industries, Instrument Div. 

c. Marsh Instrument Co. 

d. Tel-Tru Manufacturing Co., Inc. 

e. H.O. Trerice Co. 

f. Weiss Instruments, Inc. 

g. Weksler Instruments Corp. 

4. Bimetal Dial Thermometers: 

a. Ashcroft by Dresser Industries, Instrument Div. 

b. Marsh Instrument Co. 

c. Marshalltown Instruments, Inc. 

d. Reotemp Instrument Corp. 

e. Tel-Tru Manufacturing Co., Inc. 

f. H.O. Trerice Co. 

g. Weiss Instruments, Inc. 

h. Weksler Instruments Corp. 

5. Insertion Dial Thermometers: 

a. Ashcroft by Dresser Industries, Instrument Div. 

b. Reotemp Instrument Corp. 

c. Tel-Tru Manufacturing Co., Inc. 

d. H.O. Trerice Co. 

e. Weiss Instruments, Inc. 

f. Weksler Instruments Corp. 

6. Pressure Gages: 

a. AMETEK, U.S. Gauge Div. 

b. Ashcroft by Dresser Industries, Instrument Div. 

c. Marsh Instrument Co. 

d. Marshalltown Instruments, Inc. 

e. H.O. Trerice Co. 

f. Weiss Instruments, Inc. 

g. Weksler Instruments Corp. 

h. WIKA Instruments Corp. 

7. Test Plugs: 

a. Flow Design, Inc. 

b. MG Piping Products Co. 

c. Peterson Equipment Co., Inc. 

d. Sisco Co., Spedco, Inc. 

e. H.O. Trerice Co. 

f. Watts Regulator Co. 
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8. Flow Indicators: 

a. Anderson by Dwyer Instruments, Inc. 

b. Brooks Instrument Div., Emerson Electric Co. 

c. Ernst Gage Co. 

d. Ketema, Inc., Schutte and Koerting Div. 

e. Penberthy, Inc. 

f. Visi-Flo by OPW Div., Dover Corp. 

 

2.2 THERMOMETERS, GENERAL 

 

A. Scale Range:  Temperature ranges for services listed as follows: 

1. Chilled Water: 0 to 100 deg F, with 2-degree scale divisions. 

 

B. Accuracy:  Plus or minus 1 percent of range span or plus or minus one scale division 

to maximum of 1.5 percent of range span. 

 

2.3 LIQUID-IN-GLASS THERMOMETERS 

 

A. Description:  ASTM E 1, liquid-in-glass thermometer. 

 

B. Case:  Die-cast aluminum finished in baked-epoxy enamel, glass front, spring secured, 

9 inches long. 

 

C. Adjustable Joint:  Finished to match case, 180-degree adjustment in vertical plane, 

360-degree adjustment 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:  Copper-plated, steel, aluminum, or brass for a separable socket of length to suit 

installation. 

 

2.4 DIRECT-MOUNTING FILLED-SYSTEM DIAL THERMOMETERS 

 

A. Description:  Vapor-actuated universal-angle dial thermometer. 

 

B. Case:  Drawn steel or cast aluminum, with 4-1/2-inch -diameter glass lens. 

 

C. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-

degree adjustment in horizontal plane, with locking device. 

 

D. Thermal Bulb:  Copper with phosphor-bronze Bourdon pressure tube. 

 

E. Movement:  Brass, precision geared. 

 

F. Scale:  Progressive satin-faced nonreflective aluminum with permanently etched 

markings. 

 

G. Stem:  Copper-plated steel, aluminum, or brass for a separable socket of length to suit 

installation. 
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2.5 REMOTE-READING, FILLED-SYSTEM DIAL THERMOMETERS 

 

A. Description:  Vapor-actuated remote-reading dial thermometer. 

 

B. Case:  Drawn steel or cast aluminum, with 4-1/2-inch -diameter glass lens. 

 

C. Movement:  Brass, precision geared. 

 

D. Scale:  Progressive satin-faced nonreflective aluminum with permanently etched 

markings. 

 

E. Tubing:  Bronze double-braided armor-over-copper capillary of length to suit 

installation. 

 

F. Bulb:  Copper with separable socket for liquids; averaging element for air. 

 

2.6 BIMETAL DIAL THERMOMETERS 

 

A. Description:  Direct-mounted universal-angle bimetal dial thermometer. 

 

B. Case:  Stainless steel with 5-inch -diameter glass lens. 

 

C. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-

degree adjustment in horizontal plane, with locking device. 

 

D. Element:  Bimetal coil. 

 

E. Scale:  Satin-faced nonreflective-aluminum with permanently etched markings. 

 

F. Stem:  Stainless steel for separable socket, of length to suit installation. 

 

2.7 INSERTION DIAL THERMOMETERS 

 

A. Description:  Bimetal dial thermometer. 

 

B. Dial: 1-inch diameter. 

 

C. Case:  Stainless steel. 

 

D. Stem:  Dustproof and leakproof 1/8-inch -diameter tapered-end stem with nominal 

length of 5 inches. 

 

2.8 THERMOMETER WELLS 

 

A. Description:  Brass or stainless-steel thermometer well. 

 

B. Pressure Rating:  Not less than piping system design pressure. 

 

C. Stem Length:  To extend to center of pipe. 
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D. Extension for Insulated Piping: 2 inches nominal, but not less than thickness of 

insulation. 

 

E. Threaded Cap Nut:  With chain permanently fastened to well and cap. 

 

2.9 PRESSURE GAGES 

 

A. Description:  ASME B40.1, Grade A phosphor-bronze Bourdon-tube pressure gage, 

with bottom connection. 

 

B. Case:  Drawn steel, brass, or aluminum with 4-1/2-inch -diameter glass lens. 

 

C. Connector:  Brass, 1/4-inch. 

 

D. Scale:  White-coated aluminum, with permanently etched markings. 

 

E. Accuracy:  Plus or minus 1 percent of range span. 

 

F. Range:  Conform to the following: 

1. Fluids Under Pressure:  2 times operating pressure. 

 

2.10 PRESSURE-GAGE ACCESSORIES 

 

A. Syphons: 1/4-inch straight coil of brass tubing with threads on each end. 

 

B. Snubbers: 1/4-inch brass bushing with corrosion-resistant porous-metal disc of 

material suitable for system fluid and working pressure. 

 

2.11 TEST PLUGS 

 

A. Description:  Nickel-plated brass-body test plug in 1/2-inch fitting. 

 

B. Body:  Length as required to extend beyond insulation. 

 

C. Pressure Rating: 500 psig minimum. 

 

D. Core Inserts:  2 self-sealing valve types, suitable for inserting a 1/8-inch outside-

diameter probe from a dial thermometer or pressure gage. 

 

E. Core Material:  According to the following for fluid and temperature range: 

1. Air, Water, Oil, and Gas: 20 to 200 deg F, neoprene rubber. 

 

F. Test-Plug Cap:  Gasketed and threaded cap, with retention chain. 

 

G. Test Kit:  Provide test kit consisting of 1 pressure gage and gage adapter with probe, 1 

bimetal dial thermometer and a carrying case. 

 

H. Pressure Gage and Thermometer Ranges:  Approximately 2 times systems operating 

conditions. 
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2.12 FLOW INDICATORS 

 

A. Description:  Instrument for visual verification of flow made for installation in piping 

systems that measures flow directly in gallons/minute. 

 

B. Construction:  Bronze or stainless-steel body with sight glass and plastic pelton-wheel 

indicator. 

C. Pressure Rating: 125 psig. 

 

D. Temperature Rating: 200 deg F. 

 

 

PART 3 - EXECUTION 

 

3.1 METER AND GAGE APPLICATIONS 

 

A. General:  Where indicated, install meters and gages of types, sizes, capacities, and 

with features indicated. 

 

3.2 METER AND GAGE INSTALLATION, GENERAL 

 

A. Install meters, gages, and accessories according to manufacturers' written instructions 

for applications where used. 

 

3.3 THERMOMETER INSTALLATION 

 

A. Install thermometers and adjust vertical and tilted positions.  Install in the locations 

indicated on the drawings. 

 

B. Install in the following locations and elsewhere as indicated: 

1. At inlet and outlet of each hydronic chiller. 

2. At inlet and outlet of each hydronic coil in air-handling units and built-up 

central systems. 

 

C. Remote-Reading Dial Thermometers:  Install in control panels with tubing connecting 

panel and thermometer bulb supported to prevent kinks.  Use minimum tubing length. 

 

D. Thermometer Wells:  Install in vertical position in piping tees where thermometers are 

indicated. 

1. Install wells with stem extending to center of pipe. 

2. Fill wells with oil or graphite and secure caps. 

 

3.4 PRESSURE GAGE INSTALLATION 

 

A. Install pressure gages in piping tee with pressure gage valve located on pipe at most 

readable position.  Install in locations indicated on the drawings. 

 

B. Install in the following locations and elsewhere as indicated: 

1. At suction and discharge of each pump. 

2. At discharge of each pressure-reducing valve. 

3. At chilled water inlets and outlets of chillers. 
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C. Pressure Gage Needle Valves:  Install in piping tee with snubber.  Install syphon 

instead of snubber for steam pressure gages. 

 

3.5 TEST PLUG INSTALLATION 

 

A. Install test plugs in piping tees where indicated, located on pipe at most readable 

position.  Secure cap. 

 

3.6 CONNECTIONS 

 

A. Piping installation requirements are specified in other Division 15 Sections.  The 

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

 

B. Install meters and gages adjacent to machines and equipment to allow servicing and 

maintenance. 

 

3.7 ADJUSTING AND CLEANING 

 

A. Calibrate meters according to manufacturer's written instructions, after installation. 

 

B. Adjusting:  Adjust faces of meters and gages to proper angle for best visibility. 

 

C. Cleaning:  Clean windows of meters and gages and factory-finished surfaces.  Replace 

cracked and broken windows and repair scratched and marred surfaces with 

manufacturer's touchup paint. 

 

END OF SECTION 15135 
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SECTION 15145 

HANGERS AND SUPPORTS 

 

PART 1 - GENERAL 

 

1.1  RELATED DOCUMENTS 

 

A. Drawing and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes hangers and supports for mechanical systems piping and 

equipment. 

 

B. Related Sections:  The following Sections contain requirements that relate to this 

Section: 

1. Division 15 Section "Mechanical Vibration Control" for vibration-isolation 

hangers and supports. 

 

1.3 DEFINITIONS 

 

A. Terminology used in this Section is defined in MSS SP-90. 

 

1.4 PERFORMANCE REQUIREMENTS 

 

A. Design seismic restraint hangers and supports, for piping and equipment. 

 

B. Design and obtain approval from authority with jurisdiction over seismic restraint 

hangers and supports for piping and equipment. 

 

1.5 SUBMITTALS 

 

A. General:  Submit the following according to the Conditions of the Contract. 

 

B. Product data for each type of hanger and support. 

 

1.6 QUALITY ASSURANCE 

 

A. Qualify welding processes and welding operators according to AWS D1.1 "Structural 

Welding Code--Steel." 

1. Certify that each welder has satisfactorily passed AWS qualification tests for 

welding processes involved and, if pertinent, has undergone recertification. 

 

B. Qualify welding processes and welding operators according to ASME "Boiler and 

Pressure Vessel Code," Section IX, "Welding and Brazing Qualifications." 

 

C. NFPA Compliance:  Comply with NFPA 13 for hangers and supports used as 

components of fire protection systems. 
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D. Listing and Labeling:  Provide hangers and supports that are listed and labeled as 

defined in NFPA 70, Article 100. 

1. UL and FM Compliance:  Hangers, supports, and components include listing 

and labeling by UL and FM where used for fire protection piping systems. 

 

E. Licensed Operators:  Use operators that are licensed by powder-operated tool 

manufacturers to operate their tools and fasteners. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURED UNITS 

 

A. Hangers, Supports, and Components:  Factory-fabricated according to MSS SP-58. 

1. Components include galvanized coatings or alternate rust preventing shop 

coating. 

2. Pipe attachments include nonmetallic coating for electrolytic protection where 

attachments are in direct contact with copper tubing. 

 

B. Thermal-Hanger Shield Inserts:  100-psi average compressive strength, waterproofed 

calcium silicate, encased with sheet metal shield.  Insert and shield cover entire 

circumference of pipe and are of length indicated by manufacturer for pipe size and 

thickness of insulation. 

 

C. Powder-Actuated Drive-Pin Fasteners:  Powder-actuated-type, drive-pin attachments 

with pull-out and shear capacities appropriate for supported loads and building 

materials where used.  Fasteners for fire protection systems include UL listing and FM 

approval. 

 

D. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear 

capacities appropriate for supported loads and building materials where used.  

Fasteners for fire protection systems include UL listing and FM approval. 

 

2.2 MISCELLANEOUS MATERIALS 

 

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

 

B. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel, hex-head, track bolts and nuts. 

 

C. Washers:  ASTM F 844, steel, plain, flat washers. 

 

D. Grout:  ASTM C 1107, Grade B, nonshrink, nonmetallic. 

1. Characteristics include post-hardening, volume-adjusting, dry, hydraulic-

cement-type grout that is nonstaining, noncorrosive, nongaseous and is 

recommended for both interior and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 

3. Water:  Potable. 

4. Packaging:  Premixed and factory-packaged. 
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PART 3 - EXECUTION 

 

3.1 HANGER AND SUPPORT APPLICATIONS 

 

A. Specific hanger requirements are specified in the Section specifying the equipment 

and systems. 

 

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

specified in piping specification Sections. 

 

3.2 HANGER AND SUPPORT INSTALLATION 

 

A. General:  Comply with MSS SP-69 and SP-89.  Install hangers, supports, clamps, and 

attachments as required to properly support piping from building structure. 

 

B. Arrange for grouping of parallel runs of horizontal piping supported together on field-

fabricated, heavy-duty trapeze hangers where possible. 

 

C. Install supports with maximum spacings complying with MSS SP-69. 

 

D. Where pipes of various sizes are supported together by trapeze hangers, space hangers 

for smallest pipe size or install intermediate supports for smaller diameter pipes as 

specified above for individual pipe hangers. 

 

E. Install building attachments within concrete or to structural steel.  Space attachments 

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

attachments at concentrated loads, including valves, flanges, guides, strainers, 

expansion joints, and at changes in direction of piping.  Install concrete inserts before 

concrete is placed; fasten insert to forms.  Install reinforcing bars through openings at 

top of inserts. 

 

F. Install concrete inserts in new construction prior to placing concrete. 

 

G. Install powder-actuated drive-pin fasteners in concrete after concrete is placed and 

completely cured.  Use operators that are licensed by powder-actuated tool 

manufacturer.  Install fasteners according to powder-actuated tool manufacturer's 

operating manual.  Do not use in lightweight concrete slabs or in concrete slabs less 

than 4 inches thick. 

 

H. Install mechanical-anchor fasteners in concrete after concrete is placed and 

completely cured.  Install according to fastener manufacturer's written instructions.  

Do not use in lightweight concrete slabs or in concrete slabs less than 4 inches thick. 

 

I. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, 

washers, and other accessories. 

 

J. Heavy-Duty Steel Trapezes:  Field-fabricate from ASTM A 36 steel shapes selected 

for loads being supported.  Weld steel according to AWS D-1.1. 

 

K. Support all piping direct from structure and independent of other piping. 
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L. Install hangers and supports to allow controlled movement of piping systems, permit 

freedom of movement between pipe anchors, and facilitate action of expansion joints, 

expansion loops, expansion bends, and similar units. 

 

M. Load Distribution:  Install hangers and supports so that piping live and dead loading 

and stresses from movement will not be transmitted to connected equipment. 

 

N. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so that 

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

exceeded. 

 

O. Insulated Piping:  Comply with the following installation requirements. 

1. Clamps:  Attach clamps, including spacers (if any), to piping with clamps 

projecting through insulation; do not exceed pipe stresses allowed by ASME 

B31.9. 

2. Saddles:  Install protection saddles MSS Type 39 where insulation without 

vapor barrier is indicated.  Fill interior voids with segments of insulation that 

match adjoining pipe insulation. 

3. Shields:  Install MSS Type 40, protective shields on insulated piping. Shields 

span an arc of 180 degrees and have dimensions in inches not less than the 

following: 

      LENGTH THICKNESS 

   NPS (Inches)    (Inches) (Inches)  

 

   1/4 to 3-1/2  12  0.048 

   4   12  0.060 

   5 and 6   18  0.060 

   8 to 14   24  0.075 

   16 to 24  24  0.105 

4. Pipes 6 Inches and Larger:  Include shield inserts. 

5. Insert Material:  Length at least as long as the protective shield. 

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

 

3.3 EQUIPMENT SUPPORTS 

 

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

equipment above floor. 

 

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

surface. 

 

3.4 METAL FABRICATION 

 

A. Cut, drill, and fit miscellaneous metal fabrications for pipe 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. 

 

C. Field Welding:  Comply with AWS D1.1 procedures for manual shielded metal-arc 

welding, appearance and quality of welds, methods used in correcting welding work, 

and the following: 
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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 that no roughness shows after 

finishing, and so that 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:  Cleaning and touchup painting of field welds, bolted connections, and 

abraded areas of shop paint on miscellaneous metal. 

 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

 

C. Paint all exposed steel surfaces with one coat of primer and two coats of enamel. 

 

 

END OF SECTION 15145 
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SECTION 15170 

MOTORS 

 

PART 1 - GENERAL 

 

1.1  RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract 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 

requirements 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. 

 

B. Factory Test Reports:  For specified tests. 

 

C. Field Test Reports:  Indicate and interpret test results for compliance with 

performance requirements. 

 

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. 

 

 

PART 2 - PRODUCTS 

 

2.1 BASIC MOTOR REQUIREMENTS 

 

A. Motors shall be manufactured by one of the following: 

1. Cutler Hammer 

2. General Electric 

3. Allen Bradley 

4. Furnas 

5. Siemens 

6. Square D 

7. Westinghouse 

8. Baldor 
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B. Basic requirements apply to mechanical equipment motors, unless otherwise 

indicated. 

 

C. Frequency Rating:  60 Hz. 

 

D. Voltage and Phase Rating:  Determined by electrical characteristics of circuit to which 

motor is connected. 

 

E. Service Factor:  According to NEMA MG 1, unless otherwise indicated.  All motors 

shall have a minimum service factor of 1.15. 

 

F. Capacity and Torque Characteristics:  Rated for continuous duty and sufficient to 

start, accelerate, and operate connected loads at designated speeds, in indicated 

environment, with indicated operating sequence, and without exceeding 90% of 

nameplate ratings or considering service factor. 

 

G. Enclosure:  Open dripproof, for indoor locations, totally enclosed fan cooled (TEFC) 

for outdoor locations except as 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:  All motors shall be premium efficiency. 

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 loading. 

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 coordinated with and approved by controller manufacturer.  Motors shall be 

suitable for inverter duty in accordance with NEMA MG 1, Part 31. 

1. Critical vibration frequencies are not within operating range of controller 

output. 

2. Temperature Rise:  Match rating for Class B insulation. 

3. Insulation:  Class F. 

4. Thermal Protection:  Where indicated, conform to NEMA MG 1 requirements 

for thermally 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 insulated 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. 
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4. High-potential test. 

5. Alignment. 

 

2.3 SINGLE-PHASE MOTORS 

 

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. 

4. Electronically commutated motor. 

 

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 power supply circuit to motor when winding temperature exceeds a safe value 

calibrated to temperature 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. 

 

2.4 SHAFT GROUNDING RINGS 

 

A. Manufacturers:  Shaft grounding rings shall be manufactured by AEGIS. 

 

B. Description:  Rings installed over motor shafts designed to divert bearing currents to 

ground by providing a reliable shaft grounding path through the motor frame.   

1. Construction: Solid or split rings with 2 rows of conductive microfibers 

externally or internally mounted to the motor frame. 

 

 

PART 3 - EXECUTION 

 

3.1 APPLICATIONS 

 

A. Shaft grounding rings shall be installed on all motors 5 hp and larger controlled by 

variable frequency drives. 

 

3.2 INSTALLATION 

 

A. Shaft grounding rings may be factory installed by the motor manufacturer or field 

installed.  Field installations shall be in accordance with the shaft grounding ring 

manufacturer’s written instructions for each specific motor. 

 

END OF SECTION 15170 
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SECTION 15171 

MOTOR CONTROLLERS 

 

PART 1 - GENERAL 

 

1.1  RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes ac motor-control devices for mechanical equipment rated 600 V 

and less that are supplied as enclosed units. 

 

1.3 SUBMITTALS 

 

A. Product Data:  For products specified in this Section.  Include dimensions, ratings, and 

data on features and components. 

 

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

performance requirements. 

 

C. Maintenance Data:  For products to include in the maintenance manuals.  

 

1.4 QUALITY ASSURANCE 

 

A. Manufacturer Qualifications:  Maintain, within 150 miles of Project site, a service 

center capable of providing training, parts, and emergency maintenance and repairs. 

 

B. Field Testing Agency Qualifications:  An independent testing agency with experience 

and capability to satisfactorily conduct testing indicated without delaying the Work.  

Evaluation criteria shall be according to ASTM E 699. 

 

C. Source Limitations:  Obtain similar motor-control devices through one source from a 

single manufacturer. 

 

D. Comply with NFPA 70. 

 

E. Listing and Labeling:  Provide motor controllers specified in this Section that are 

listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical 

Code, Article 100. 

 

1.5 COORDINATION 

 

A. Coordinate features of controllers and accessory devices with pilot devices and control 

circuits to which they connect. 

 

B. Coordinate features, accessories, and functions of each motor controller with the 

ratings and characteristics of the supply circuit, the motor, the required control 

sequence, and the duty cycle of the motor and load. 
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1.6 EXTRA MATERIALS 

 

A. Furnish extra materials described below that match products installed, are packaged 

with protective covering for storage, and are identified with labels describing contents. 

1. Spare Fuses and Incandescent Indicating Lamps:  Furnish 1 spare for every 5 

installed units, but not less than 1 set of 3 of each kind. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

the following: 

1. Manual and Magnetic Motor Controllers: 

a. ABB 

b. Allen-Bradley Co.; Industrial Control Group. 

c. Cerus Industrial 

d. Cutler-Hammer Products. 

e. Danfoss Graham 

f. General Electric 

g. Siemens Energy & Automation, Inc. 

h. Square D. 

2. Electronic Motor Controllers: 

a. ABB 

b. Allen-Bradley Co.,; Industrial Control Group. 

c. Cutler-Hammer Products. 

d. Danfoss Graham 

e. Emerson  

f. General Electric 

g. Honeywell 

h. Siemens Energy & Automation, Inc. 

i. Square D. 

j. Yaskawa 

 

2.2 MANUAL MOTOR CONTROLLERS 

 

A. Description:  NEMA ICS 2, general purpose, Class A with toggle action and overload 

element. 

 

2.3 MAGNETIC MOTOR CONTROLLERS 

 

A. Combination starters shall be furnished for all three phase motors, (unless specifically 

noted otherwise) and single phase motors which are automatically started. 

 

B. Starters shall be NEMA type and shall provide protection on all three phases. 

 

C. Starters shall be magnetic across the line FVNR with "H-O-A" selector switch, red 

run pilot and fused disconnect. 
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D. Each starter shall have an individual control circuit transformer, line voltage primary, 

120 volt secondary, with one fuse in the ungrounded side of the secondary.  The 

transformer shall have 100% space capacity.  Where electrical interlocking is 

involved, a separate contact on the circuit breaker disconnect shall open the interlock 

circuit.  All sources of power to each combination starter shall be deenergized when 

the lockable circuit breaker disconnect is opened. 

 

E. Starters for single phase motors not automatically started shall be manual type with 

thermal protection. 

 

2.4 VARIABLE FREQUENCY CONTROLLERS (VARIABLE FREQUENCY DRIVES) 

 

A. VFD Description:  Variable-frequency power converter (rectifier, dc bus, and IGBT, 

PWM inverter) factory packaged in an enclosure, with integral disconnecting means 

and over-current and overload protection; listed and labeled by an NRTL as a 

complete unit; arranged to provide self-protection, protection, and variable-speed 

control of one or more three-phase induction motors by adjusting output voltage and 

frequency. 

1. Units suitable for operation of NEMA MG 1, Design A and Design B motors 

as defined by NEMA MG 1, Section IV, Part 30, "Application Considerations 

for Constant Speed Motors Used on a Sinusoidal Bus with Harmonic Content 

and General Purpose Motors Used with Adjustable-Voltage or Adjustable-

Frequency Controls or Both." 

2. Units suitable for operation of inverter-duty motors as defined by 

NEMA MG 1, Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase 

Motors." 

3. Listed and labeled for integrated short-circuit current (withstand) rating by an 

NRTL acceptable to authorities having jurisdiction. 

 

B. Design and Rating:  Match load type, such as fans, blowers, and pumps; and type of 

connection used between motor and load such as direct or through a power-

transmission connection. 

 

C. Unit Operating Requirements: 

1. Input AC Voltage Tolerance:  Plus 10 and minus 10 percent of VFD input 

voltage rating. 

2. Input AC Voltage Unbalance:  Not exceeding 3 percent. 

3. Input Frequency Tolerance:  Plus or minus 3 percent of VFD frequency 

rating. 

4. Minimum Efficiency:  97 percent at 60 Hz, full load. 

5. Ambient Temperature Rating:  Not less than 14 deg F (minus 10 deg C) and 

not exceeding 104 deg F (40 deg C). 

6. Ambient Storage Temperature Rating:  Not less than minus 4 deg F (minus 20 

deg C) and not exceeding 140 deg F (60 deg C) 

7. Humidity Rating:  Less than 95 percent (noncondensing). 

8. Altitude Rating:  Not exceeding 3300 feet (1005 m). 

9. Vibration Withstand:  Comply with IEC 60068-2-6. 

10. Starting Torque:  Minimum 100 percent of rated torque from 3 to 60 Hz. 

11. Speed Regulation:  Plus or minus 5percent. 

12. Stop Modes:  Programmable; includes fast, free-wheel, and dc injection 

braking. 
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D. Isolated Control Interface:  Allows VFDs to follow remote-control signal over a 

minimum 40:1 speed range. 

1. Signal:  Electrical. 

 

E. Internal Adjustability Capabilities: 

1. Minimum Speed:  5 to 25 percent of maximum rpm. 

2. Maximum Speed:  80 to 100 percent of maximum rpm. 

3. Acceleration:  0.1 to 999.9 seconds. 

4. Deceleration:  0.1 to 999.9 seconds. 

5. Current Limit:  30 to minimum of 150 percent of maximum rating. 

 

F. Self-Protection and Reliability Features: 

1. Input transient protection by means of surge suppressors to provide three-

phase protection against damage from supply voltage surges 10 percent or 

more above nominal line voltage. 

2. Loss of Input Signal Protection:  Selectable response strategy, including speed 

default to a percent of the most recent speed, a preset speed, or stop; with 

alarm. 

3. Under- and overvoltage trips. 

4. Inverter overcurrent trips. 

5. VFD and Motor Overload/Overtemperature Protection:  Microprocessor-

based thermal protection system for monitoring VFDs and motor thermal 

characteristics, and for providing VFD overtemperature and motor overload 

alarm and trip; settings selectable via the keypad; NRTL approved. 

6. Critical frequency rejection, with three selectable, adjustable deadbands. 

7. Instantaneous line-to-line and line-to-ground overcurrent trips. 

8. Loss-of-phase protection. 

9. Reverse-phase protection. 

10. Short-circuit protection. 

11. Motor overtemperature fault. 

 

G. Automatic Reset/Restart:  Attempt three restarts after drive fault or on return of power 

after an interruption and before shutting down for manual reset or fault correction; 

adjustable delay time between restart attempts. 

 

H. Power-Interruption Protection:  To prevent motor from re-energizing after a power 

interruption until motor has stopped, unless "Bidirectional Autospeed Search" feature 

is available and engaged. 

 

I. Bidirectional Autospeed Search:  Capable of starting VFD into rotating loads spinning 

in either direction and returning motor to set speed in proper direction, without 

causing damage to drive, motor, or load. 

 

J. Torque Boost:  Automatically varies starting and continuous torque to at least 1.5 

times the minimum torque to ensure high-starting torque and increased torque at slow 

speeds. 

 

K. Motor Temperature Compensation at Slow Speeds:  Adjustable current fall-back 

based on output frequency for temperature protection of self-cooled, fan-ventilated 

motors at slow speeds. 
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L. Integral Input Disconnecting Means and OCPD:  NEMA AB 1, circuit breaker with 

pad-lockable, door-mounted handle mechanism. 

1. Disconnect Rating:  Not less than 115 percent of VFD input current rating. 

2. Disconnect Rating:  Not less than 115 percent of NFPA 70 motor full-load 

current rating or VFD input current rating, whichever is larger. 

3. Auxiliary Contacts:  NO/NC, arranged to activate before switch blades open. 

4. NC alarm contact that operates only when circuit breaker has tripped. 

 

M. Controls And Indication: 

1. Status Lights:  Door-mounted LED indicators displaying the following 

conditions: 

a. Power on 

b. Run 

c. Overvoltage 

d. Line fault 

e. Overcurrent 

f. External fault 

2. Panel-Mounted Operator Station:  Manufacturer's standard front-accessible, 

sealed keypad and plain-English language digital display; allows complete 

programming, program copying, operating, monitoring, and diagnostic 

capability. 

a. Keypad:  In addition to required programming and control keys, 

include keys for HAND, OFF, and AUTO modes. 

b. Security Access:  Provide electronic security access to controls 

through identification and password with at least three levels of 

access:  View only; view and operate; and view, operate, and service. 

1) Control Authority:  Supports at least four conditions:  Off, 

local manual control at VFD, local automatic control at VFD, 

and automatic control through a remote source. 

3. Historical Logging Information and Displays: 

a. Real-time clock with current time and date. 

b. Running log of total power versus time. 

c. Total run time 

d. Fault log, maintaining last four faults with time and date stamp for 

each. 

4. Indicating Devices:  Digital display mounted flush in VFD door and 

connected to display VFD parameters including, but not limited to: 

a. Output frequency (Hz) 

b. Motor speed (rpm) 

c. Motor status (running, stop, fault) 

d. Motor current (amperes) 

e. Motor torque (percent) 

f. Fault or alarming status (code) 

g. PID feedback signal (percent) 

h. DC-link voltage (V dc) 

i. Set point frequency (Hz) 

j. Motor output voltage (V ac) 

5. Control Signal Interfaces: 

a. Electric Input Signal Interface: 

1) A minimum of two programmable analog inputs. 

2) A minimum of six multifunction programmable digital 

inputs. 
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b. Remote Signal Inputs:  Capability to accept any of the following 

speed-setting input signals from the BAS or other control systems: 

1) to 10-V dc. 

2) 4- to 20-mA dc 

3) Potentiometer using up/down digital inputs 

4) Fixed frequencies using digital inputs. 

c. Output Signal Interface:  A minimum of one programmable analog 

output signal which can be configured for any of the following: 

1) Output frequency (Hz). 

2) Output current (load). 

3) DC-link voltage (V dc). 

4) Motor torque (percent). 

5) Motor speed (rpm). 

6) Set point frequency (Hz). 

6. BAS Interface:  Factory-installed hardware and software to enable the BAS to 

monitor, control, and display VFD status and alarms.  Allows VFD to be used 

with an external system within a multidrop LAN configuration; settings 

retained within VFD's nonvolatile memory. 

a. Network Communications Ports:  Ethernet. 

b. Embedded BAS Protocols for Network Communications:  

ASHRAE 135 BACnet; protocols accessible via the communications 

ports. 

 

N. Line Conditioning And Filtering: 

1. Output Filtering:  Furnish DVDT filter where power wiring between VFD and 

motor exceeds 50 feet in length. 

 

O. Optional Features: 

1. Multiple-Motor Capability:  VFD suitable for variable-speed service to 

multiple motors.  Overload protection shuts down VFD and motors served by 

it, and generates fault indications when overload protection activates. 

a. Configure to allow two or more motors to operate simultaneously at 

the same speed; separate overload relay for each controlled motor. 

b. Configure to allow two motors to operate separately; operator 

selectable via local or remote switch or contact closures; single 

overload relay for both motors; separate output magnetic contactors 

for each motor. 

c. Configure to allow two motors to operate simultaneously and in a 

lead/lag mode, with one motor operated at variable speed via the 

power converter and the other at constant speed via the bypass 

controller; separate overload relay for each controlled motor. 

 

2.5 ENCLOSURES 

 

A. Description:  Flush or surface-mounted cabinets as indicated.  NEMA 250, Type 1, 

unless otherwise indicated to meet environmental conditions at installed location. 

1. Outdoor Locations:  NEMA 250, Type 3R. 

2. Kitchen Areas:  NEMA 250, Type 4X, stainless steel. 

3. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4. 

4. Hazardous Areas Indicated on Drawings:  NEMA 250, Type 7C. 

 



 

Motor Controllers 15171-7 17040 

2.6 ACCESSORIES 

 

A. Devices are factory installed in controller enclosure, unless otherwise indicated. 

 

B. Pilot Lights and "Hand-Off-Auto" Selector Switches:  NEMA ICS 2, heavy-duty type. 

 

C. Stop and Lockout Push-Button Station:  Momentary-break push-button station with a 

factory-applied hasp arranged so a padlock can be used to lock push button in 

depressed position with control circuit open. 

 

D. Factory mounted with Nationally Recognized Testing Laboratory listed and labeled 

mounting device. 

 

 

PART 3 - EXECUTION 

 

3.1 APPLICATIONS 

 

A. Select features of each motor controller to coordinate with ratings and characteristics 

of supply circuit and motor; required control sequence; duty cycle of motor, drive, and 

load; and configuration of pilot device and control circuit affecting controller 

functions. 

 

B. Select horsepower rating of controllers to suit motor controlled. 

 

C. Push-Button Stations:  In covers of magnetic controllers for manually started motors 

where indicated, start contact connected in parallel with sealing auxiliary contact for 

low-voltage protection. 

 

D. Hand-Off-Automatic Selector Switches:  In covers of controllers of motors started and 

stopped by automatic controls or interlocked with other equipment.  Also, furnish 

"run" light in cover. 

 

3.2 INSTALLATION 

 

A. Install independently mounted motor-control devices according to manufacturer's 

written instructions. 

       

B. Manufacturer's Field Services:  Provide services of a factory-authorized service 

representative to supervise the field assembly and connection of components, 

including the pretesting and adjustment of solid-state controllers. 

 

C. Location:  Locate controllers within sight of motors controlled, unless otherwise 

indicated. 

 

D. For control equipment at walls, bolt units to wall or mount on lightweight structural-

steel channels bolted to wall.  For controllers not at walls, provide freestanding racks 

conforming to Division 16 Section. 

 

E. Motor-Controller Fuses:  Install indicated fuses in each fusible switch. 
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3.3 IDENTIFICATION 

 

A. Identify motor-control components and control wiring according to Division 15 

Sections. 

 

3.4 CONTROL WIRING INSTALLATION 

 

A. Install wiring between motor-control devices according to Division 16. 

 

B. Bundle, train, and support wiring in enclosures. 

 

C. Connect hand-off-automatic switch and other automatic control devices where 

available. 

1. Connect selector switches to bypass only the manual and automatic control 

devices that have no safety functions when switch is in the hand position. 

2. Connect selector switches with motor-control circuit in both hand and 

automatic positions for safety-type control devices such as low- and high-

pressure cutouts, high-temperature cutouts, fire-related cutouts and motor 

overload protectors. 

 

3.5 CONNECTIONS 

 

A. Tighten connectors, terminals, bus joints, and mountings.  Tighten field-connected 

connectors and terminals, including screws and bolts, according to manufacturer's 

published torque-tightening values.  Where manufacturer's torque values are not 

indicated, use those specified in UL 486A and UL 486B. 

 

3.6 PROGRAMMING: 

 

A. Coordinate all programming of variable frequency drives between the drive 

manufacturer and the control system provider.  Furnish all interface devices as 

required to affect communication between the VFD and the control system. 

 

B. VFD programming shall include the coordination of operational speed ranges with 

those allowed by the manufacturer of the drive equipment. 

1. VFD shall not drive equipment such that it operates at critical frequencies 

(harmonics.) 

2. VFD shall not drive equipment at speeds which do not provide for proper 

cooling or lubricant circulation. 

 

3.7 FIELD QUALITY CONTROL 

 

A. Testing Agency:  Owner will engage a qualified independent testing agency to 

perform specified testing. 

 

B. Testing Agency:  Provide services of a qualified independent testing agency to 

perform specified testing. 
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C. Testing:  After installing motor controllers and after electrical circuitry has been 

energized, demonstrate product capability and compliance with requirements. 

1. Procedures:  Perform each visual and mechanical inspection and electrical test 

stated in NETA ATS, Sections 7.5, 7.6, and 7.16.  Certify compliance with 

test parameters. 

2. Remove and replace malfunctioning units with new units, and retest. 

 

3.8 CLEANING 

 

A. Remove paint splatters and other spots, dirt, and debris.  Touch up scratches and mars 

of finish to match original finish.  Clean devices internally, using methods and 

materials recommended by manufacturer. 

 

3.9 DEMONSTRATION 

 

A. Training:  Engage a factory-authorized service representative to demonstrate solid-

state and variable- speed controllers and train Owner's maintenance personnel. 

1. Conduct a minimum of 4 hours of training in operation and maintenance.  

Include training relating to equipment operation and maintenance procedures. 

2. Schedule training with at least 7 days' advance notice. 

 

 

END OF SECTION 15171 
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SECTION 15240 

SEISMIC BRACING FOR SUSPENDED UTILITIES AND FLOOR MOUNTED EQUIPMENT 

 

PART 1 – GENERAL 

 

1.1  SUMMARY 

 

A. This section covers seismic restraints for utilities and equipment including HVAC 

Ductwork, HVAC Piping, HVAC Equipment, Plumbing, Electrical, and Fuel Piping.  

Equipment seismic shall be in accordance with IBC 2006 and calculations for 

anchorage shall be provided per the code.  .  

 

1.2 SEISMIC BRACING 

 

A. Seismic bracing shall comply with the following standards. 

1. Seismic design criteria as indicated on the Structural Drawings. 

2. 2012 International Building Code Chapter 16 Earthquake Loads. 

3. ASCE 7-10 

4. 2012 International Building Code Chapter 17 Structural Tests and Special 

Inspections. 

5. NFPA 13. 

 

1.3 SUBMITTALS  

 

A. Submittals to include appropriate details and reflect actual jobsite conditions.  

Submittal to be wet stamped by a registered structural engineer specialized in the 

design of seismic restraints and licensed in the state where the project is located. 

 

B. Jobsite conditions not covered by the manufacturer’s design manual shall be 

engineered on an individual basis and all calculations and details shall be wet stamped 

by a registered structural engineer specialized in the design of seismic restraints and 

licensed in the state where the project is located. 

 

C. Submit seismic bracing layouts for all suspended utilities on shop drawings wet 

stamped by a registered Structural Engineer specialized in the design of seismic 

restraints and licensed in the state where the project is located.  The basis for the 

layouts shall be the utility contractors shop drawings, and the addition of the bracing 

locations shall be the responsibility of this section. 

 

D. Layout drawings to include: 

1. All vertical support and seismic bracing locations. 

2. All vertical support and seismic bracing connections to the structure 

(Anchorage Manufacturer, Quantity and Size for each location.) 

3. Vertical Support and brace arm reactions at all connection points to the 

structure (for the Structural Engineer of Record use in checking suitability of 

the building structure. 

4. Type and size of brace member. 

5. Reference installation detail #’s for vertical support and seismic bracing. 

6. Maximum Transverse Lateral and Longitudinal brace spacing for each utility. 

7. Seismic accelerations each utility has been designed to resist. 
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8. Suspended utility max weight per lineal foot (lbs/1f) or max pipe/conduit size 

at all seismic locations. 

9. Minimum all threaded rod size at all seismic locations. 

 

1.4 SPECIFICATION QUALITY ASSURANCE 

   

A. Where the Component Importance Factor (Ip) is greater than 1.0 for any mechanical, 

electrical, component or system, that system is considered to be a “Designated 

Seismic System” per Chapter 17 of the 2012 IBC.  Each Contractor responsible for the 

construction of a Designated Seismic System shall submit a written “statement of 

responsibility”, per the 2012 IBC, to the building official and owner prior to the 

commencement of work on the system or component. 

 

B. Upon completion of construction a Quality Assurance Representative of the seismic 

force resisting system manufacturer / designer shall review the installation of the 

seismic-force-resisting system and provide documentation indicating conformance to 

shop drawing seismic restraint layout and with the manufacturer’s installation 

instructions. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS: 

 

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

the following 

1. ISAT (International Seismic Application Technology) 

2. Unistrut 

3. Gripple 

4. Tolco 

5. Loos 

 

B. Material Requirements: 

1. All manufacturer specific components that are part of the seismic- resistance 

system must be strength tested by third party vendors with test reports 

available upon request. 

2. All anchors utilized as part of the component anchorage and /or seismic 

anchorage must comply with ASCE 7-10.  Specifically all anchors must be 

tested for seismic applications in conformance with ACI 355.2. 

 

2.2 SPECIFICATION DEVIATIONS 

 

A. Any contractor or manufacturer wishing to deviate for the project code requirements 

must submit in writing the following: 

1. Deviation requested 

2. Reason for the deviation to include code or local jurisdiction  allowances 

3.  Cost impact for deviation 

 

B. A manufacturer’s letter of exception will not be considered acceptable justification for 

deviations. Deviations citing differences between SMACNA and IBC/ASCE 

exclusions as reasoning for deviation will not be considered. 
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2.3 PROJECT SPECIFIC CHARACTERISTICS 

 

A. Building Seismic Design Category: As indicated on the structural and architectural 

drawings. 

 

B. Building Occupancy Category: As indicated on the structural and architectural 

drawings. 

 

C. All non-structural mechanical components on this project have an importance factor 

of 1.5. 

 

 

PART 3 – EXECUTION 

 

3.1 INSTALLATION OF SEISMIC BRACING 

 

A. Installation of seismic bracing systems shall be in accordance with manufacturer’s 

instructions and requirements as well as the governing codes cited above. 

 

 

END OF SECITON 15240 
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SECTION 15241 

MECHANICAL VIBRATION CONTROLS 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes vibration isolators, vibration isolation bases and vibration isolation 

roof curbs. 

 

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 and design 

of vibration isolation bases. 

 

1.4 QUALITY ASSURANCE 

 

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

practice in the jurisdiction where the Project is located and who is experienced in 

providing engineering services of the kind indicated.  Engineering services are defined as 

those performed for installations of vibration isolation bases that are similar to those 

indicated for this Project in material, design, and extent. 

 

B. The manufacturer and/or his representative shall select all vibration isolation products in-

accordance with the Vibration Isolation Schedule listed in these specifications.  All 

products shall provide the specified deflection as indicated based on the actual equipment 

weights and installation requirements of the approved equipment.  The manufacturer shall 

provide installation instructions for all provided isolators and seismic restraints and 

bracing.  Locations of vibration isolation products shall be coordinated with equipment 

details shown on the drawings and also as specified in these specifications for maximum 

support locations for piping and other equipment. 

 

C. All isolation deflections shall be based on ASHRAE 2007 Handbook - HVAC Systems 

and Applications, Chapter 47.  The isolation of any mechanical equipment included in 

these plans that is not specifically covered by these specifications shall be isolated in 

accordance with Chapter 47, Table 48 as described above. 
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1.5 COORDINATION 

 

A. Coordinate layout and installation of vibration isolation 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 

anchor-bolt inserts into base. 

 

C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.   

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

following: 

1. Kinetics Noise Control, Inc.(basis of design) 

2. Amber/Booth Company, Inc. 

3. Vibration Mountings and Controls 

4. Mason Industries 

5. Vibration Elininator 

 

2.2 ISOLATOR TYPES 

 

A. Type 2, Floor Mounted Equipment  (non seismic) 

1. Vibration isolators shall be neoprene, molded from oil-resistant compounds.  

Isolators shall consist of two layers of neoprene material. Top and bottom surfaces 

of each layer shall have molded ribs.  Each layer shall be separated by a 16 gauge 

galvanized steel load plate bonded to each neoprene layer to form a sandwich 

arrangement.  Vibration isolator size shall be coordinated with the equipment 

supports.  Minimum size shall be 2”x2”. 

2. Isolators shall be equal to Kinetics Model NPD.  

 

B. Type 5, Floor Mounted Equipment (seismic) 

1. Vibration isolators shall be seismically rated and consist of large diameter 

laterally stable steel springs assembled into formed or welded steel housing 

assemblies designed to limit vertical movement of the supported equipment and 

the horizontal movement. 

2. Housing assembly shall be formed or fabricated steel members and shall consist 

of a top-load plate complete with adjusting and leveling bolts, isolation washers 

and a bottom plate with non-skid noise stop pads and holes provided for 

anchoring to supporting structure. 

3. Springs shall have a lateral stiffness greater than 0.8 times the rated vertical 

stiffness and shall be designed to provide up to 50% overload capacity. 

4. Isolator shall be designed to allow replacement of the spring element without 

removing the spring isolator housing. 

5. Vibration isolators shall be equal to Kinetics Model FHS. 
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C. Type 8, Suspended Equipment/Ductwork 

1. Vibration isolator shall be a hanger consisting of an elastomer-in-shear insert 

encased in a welded steel bracket and provided with a stamped load transfer cap. 

2. The elastomer insert shall be neoprene, molded from oil resistant compounds and 

shall be color coded to indicate load capacity and selected to operate within its 

published load range. 

3. The hanger bracket shall be designed to carry a 500% overload without failure 

and to allow a support rod misalignment through a 30-degree arc without metal-

to-metal contact or other short circuit. 

4. Vibration isolation shall be equal to Kinetics Model RH. 

 

D. Type 10, Suspended Equipment, Piping, Ductwork 

1. Vibration Isolators shall consist of a steel spring and neoprene element in series 

mounted in a stamped or welded steel bracket for insertion into the hanger rod 

assembly. 

2. The elastomer insert shall be neoprene, molded from oil resistant compounds and 

shall be color coded to indicate load capacity and selected to operate within its 

published load range. 

3. The steel spring shall consist of large diameter laterally stable steel springs 

assembled into formed or welded steel housing assemblies designed to limit   

Springs shall have a lateral stiffness greater than 0.8 times the rated vertical 

stiffness and shall be designed to provide up to 50% overload capacity. 

4. The steel bracket shall be fabricated from steel and provided with a corrosion 

resistance finished.  The hanger bracket shall be designed to carry a 500% 

overload without failure and to allow a support rod misalignment through a 30-

degree arc without metal-to-metal contact or other short circuit.  The hanger 

bracket shall incorporate spring caps with indexed steps, which correspond to the 

washer diameter of the hanger rod to keep the rod centered in the spring cap. 

5. Vibration isolation hangers shall be equal to Kinetics Model SRH 

 

2.3 BASES, RAILS AND CURBS 

 

A. Type E, Roof Curbs 

1. Roof curbs for roof mounted equipment shall be a minimum of ½” wide and 14” 

high and be fabricated from G 90 galvanized steel fully welded at each corner.  

Curbs shall be fabricated from a minimum of 18-gage steel or heavier as required 

to support the intended equipment. 

2. Curbs shall have fully mitered corners and base plates to secure curb to the 

support roof steel. 

3. Curbs shall be reinforced with internal steel angles to provide a rigid support for 

the equipment. 

4. Curbs shall be insulated with a minimum of 1-½” thick 3# density, fiberglass 

insulation. 

5. Curbs shall have a 2”x2” wood nailer attached to the curb top for securing the 

equipment. 

6. Curbs shall be seismically rated for the installation in accordance with the 

International Building Code.  A registered engineer shall stamp submittals. 

7. Curbs shall be equal to Curbs Plus Model CPC-3. 
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2.4 SOUND CONTROL PRODUCTS 

 

A. Acoustical Sound Barrier: 

1. Acoustical sound barrier material shall be installed within the curb area of all roof 

top units. 

2. Barrier material shall be constructed of a vinyl material with a reinforced 

fiberglass screen loaded with barium sulfate, 1.0 lb per square foot.  Tensile 

strength shall be 300 lbs per inch and tear strength shall be 100 lbs per in. 

3. Install 2 layers of acoustical barrier material inside the roof curb.   Barrier material 

shall be cut and uniformed installed inside the curb area on top of the metal roof 

deck and around the supply and return air ducts. 

4. Barrier material shall be equal to Kinetics KNM-100 RB. 

 

B. Acoustical Duct Wrap Barrier: 

1. Acoustic duct wrap barrier shall be fabricated of a composite material consisting 

of an acoustic barrier material bonded to a thin layer of aluminum foil on one side 

and a decoupling layer of fiberglass batting material. 

2. Acoustic barrier shall be constructed of 0.10” thick barium sulphate loaded limp 

vinyl. 

3. Barrier material shall have a “K” value of 0.29 and STC rating of 28. 

4. Barrier material shall have a nominal density of 1 psf. 

5. Barrier material shall be equal to Kinetics Model 100 ALQ-1. 

 

 

PART 3 - EXECUTION 

 

3.1 INSTALLATION 

 

A. If the equipment provided is not furnished with integral structural steel supports, mounting 

feet or lifting lugs, the contractor shall provide miscellaneous steel shapes as required to 

install or suspend the equipment and attach the vibration isolation devices. 

 

B. Support steel shall include but not be limited to rails, brackets, angles, channels, and 

similar components. 

 

C. All equipment specified to be isolated shall be installed and isolators shall be attached to 

the building structure or floor and the vibration isolators shall be adjusted and leveled so 

that the vibration isolators are performing properly. 

 

D. All vibration isolation products, flexible pipe connectors and sound control products shall 

be installed as outlined in the manufacturer’s printed installation instructions. 

 

E. Fill concrete inertia bases, after installing base frame, with 3000-psig concrete, and trowel 

to a smooth, hard finish. 

 

F. Install pipe isolation connectors at connections for equipment supported on vibration 

isolators.  Install isolation hangers on the first three piping supports adjacent to vibration 

producing equipment (i.e. air handling units, pumps, etc.). 
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3.2 VIBRATION ISOLATION CERTIFICATE OF COMPLIANCE 

 

A. The manufacturer’s representative shall be responsible for providing such assistance and 

supervision as necessary to assure a correct installation and adjustment of vibration 

isolation products. 

 

B. The manufacturer’s representative shall visit the installation once all installed items have 

been completed but prior to the installation of ceilings or walls that may conceal any 

devices and inspect the installation for compliance with the manufacturer’s installation 

instructions.  Upon satisfaction that all devices are installed correctly and systems are 

isolated properly, the representative shall submit a written report outlining the installation 

as in compliance with these specifications and also the manufacturer’s installation 

instructions. 

 

3.3 VIBRATION ISOLATION SCHEDULE FOR MECHANICAL SYSTEMS: 

 

Equipment Type       Isolator  Base  Deflection 

 

Floor Mounted Air Handling Units Type 5  None  1.0” 

Above 2000 cfm 

 

Air Cooled Chillers   Type 2  None  0.25” 

 

Piping located in Mechanical Rms. Type 10 None  1.0” 

 

Ductwork in Mechanical Rooms  Type 8  None  0.4” 

 

 

 

END OF SECTION 15241 
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SECTION 15250 

MECHANICAL INSULATION 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes pipe, duct, and equipment insulation. 

 

B. Related Sections:  The following sections contain requirements that relate to this 

section: 

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

protection saddles. 

 

1.3 DEFINITIONS 

 

A. Hot Surfaces:  Normal operating temperatures of 100 deg F or higher. 

 

B. Dual-Temperature Surfaces:  Normal operating temperatures that vary from hot to 

cold. 

C. Cold Surfaces:  Normal operating temperatures less than 75 deg F. 

 

D. Thermal resistivity is designated by an r-value that represents the reciprocal of 

thermal conductivity (k-value).  Thermal conductivity is the rate of heat flow through 

a homogenous material exactly 1 inch thick.  Thermal resistivity (r-value) is expressed 

by the temperature difference in degrees Fahrenheit between the two exposed faces 

required to cause 1 BTU per hour to flow through 1 square foot at mean temperatures 

indicated. 

 

E. Thermal Conductivity (k-value):  Measure of heat flow through a material at a given 

temperature difference; conductivity is expressed in units of Btu x inch/h x sq. ft. x 

deg F. 

 

F. Density:  Is expressed in lb./cu.ft. 

 

1.4 SUBMITTALS 

 

A. General:  Submit the following in accordance with Conditions of Contract. 

 

B. Product data for each type of mechanical insulation identifying k-value, thickness, and 

accessories. 

 

1.5 QUALITY ASSURANCE 

 

A. Fire Performance Characteristics:  Conform to the following characteristics for 

insulation including facings, cements, and adhesives, when tested according to ASTM 

E 84, by UL or other testing or inspecting organization acceptable to the authority 

having jurisdiction.  Label insulation with appropriate markings of testing laboratory. 
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1. Interior Insulation:  Flame spread rating of 25 or less and a smoke developed 

rating of 50 or less. 

2. Exterior Insulation:  Flame spread rating of 75 or less and a smoke developed 

rating of 150 or less. 

 

1.6 SEQUENCING AND SCHEDULING 

 

A. Schedule insulation application after testing of piping and duct systems. 

 

B. Schedule insulation application after installation and testing of heat trace tape. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

the following: 

1. Glass Fiber: 

a. CertainTeed Corporation. 

b. Knauf Fiberglass GmbH. 

c. Manville. 

d. Owens-Corning Fiberglas Corporation. 

e. USG Interiors, Inc. - Thermafiber Division. 

2. Cellular Glass: 

a. Pittsburgh Corning Corporation. 

b. Cell-U-Foam Insulation 

c. Manville 

3. Flexible Elastomeric Cellular: 

a. Armaflex; Armacell LLC 

b. K-Flex; Nomaco K-Flex Corporation. 

c. Aerocel; Aeroflex USA, inc. 

 

2.2 GLASS FIBER 

 

A. Material:  Inorganic glass fibers, bonded with a thermosetting resin. 

 

B. Jacket:  All-purpose, factory-applied, laminated glass-fiber-reinforced, flame-retardant 

kraft paper and aluminum foil having self-sealing lap. 

 

C. Board:  ASTM C 612, Class 2, semi-rigid jacketed board. 

1. Thermal Conductivity:  0.26 Btu x inch/h x sq. ft. x deg F average maximum, 

at 75 deg F mean temperature. 

2. Density:  3 pcf minimum. 

 

D. Blanket:  ASTM C 553, Type II, Class F-1, jacketed flexible blankets. 

1. Thermal Conductivity:  0.32 Btu x inch/h x sq. ft. x deg F average maximum, 

at 75 deg F mean temperature. 

2. Density:  3/4 pcf minimum within building envelope. 

3. Density: 1 pcf minimum exterior to building envelope. 
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E. Preformed Pipe Insulation:  ASTM C 547, Class 1, rigid pipe insulation, jacketed. 

1. Thermal Conductivity:  0.26 Btu x inch/h x sq. ft. x deg F average maximum 

at 75 deg F mean temperature. 

2. Density:  3 pcf minimum. 

 

F. Adhesive:  Produced under the UL Classification and Follow-up service. 

 

1. Type:  Non-flammable, solvent-based. 

2. Service Temperature Range:  Minus 20 to 180 deg F. 

 

G. Vapor Barrier Coating:  Waterproof coating recommended by insulation manufacturer 

for outside service. 

 

2.3 CELLULAR GLASS 

 

A. Material:  Inorganic, foamed or cellulated glass, annealed, rigid, hermetically sealed 

cells, incombustible. 

 

B. Facing:  ASTM C 921, Type 1, factory-applied, laminated foil, flame-retardant, vinyl 

facing. 

 

C. Form:  The following as indicated: 

1. Blocks:  ASTM C 552, Type I. 

2. Boards:  ASTM C 552, Type IV. 

3. Preformed Pipe:  ASTM C 552, Type II, Class 2 (jacketed). 

4. Special Shapes:  ASTM C 552, Type III, in shapes and thicknesses as 

indicated. 

 

D. Thermal Conductivity:  0.38 Btu x inch/h x sq. ft. x deg F average maximum at 75 deg 

F mean temperature. 

 

E. Minimum Density:  7 pcf. 

 

F. Maximum Density:  9.5 pcf. 

 

2.4 FLEXIBLE ELASTOMERIC CELLULAR 

 

A. Material:  Flexible expanded closed-cell structure with smooth skin on both sides. 

1. Tubular Materials:  ASTM C 534, Type I. 

2. Sheet Materials:  ASTM C 534, Type II. 

 

B. Thermal Conductivity:  0.25 Btu x inch/h x sq. ft. x deg F average maximum at 75 deg 

F. 

 

C. Coating:  Water based latex enamel coating recommended by insulation manufacturer. 

 

D. Fire Performance Characteristics:  Provide material having the following fire 

performance characteristics as determined by UL in accordance with ASTM Standard 

E84: 

Flame Spread = 25 

Smoke Developed = 50 
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2.5 INSULATING CEMENTS 

 

A. Mineral Fiber, Hydraulic-Setting Insulating and Finishing Cement:  ASTM C 449. 

1. Thermal Conductivity:  1.2 Btu x inch/h x sq. ft. x deg F average maximum at 

400 deg F mean temperature. 

2. Compressive Strength:  100 psi at 5 percent deformation. 

 

2.6 ADHESIVES 

 

A. Flexible Elastomeric Cellular Insulation Adhesive:  Solvent-based, contact adhesive 

recommended by insulation manufacturer. 

 

B. Lagging Adhesive:  MIL-A-3316C, non-flammable adhesive in the following Classes 

and Grades: 

1. Class 1, Grade A for bonding glass cloth and tape to unfaced glass fiber 

insulation, sealing edges of glass fiber insulation, and bonding lagging cloth 

to unfaced glass fiber insulation. 

2. Class 2, Grade A for bonding glass fiber insulation to metal surfaces. 

 

2.7 JACKETS 

 

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

 

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

and aluminum foil. 

1. Water Vapor Permeance:  0.02 perm maximum, when tested according to 

ASTM E 96. 

2. Puncture Resistance:  50 beach units minimum, when tested according to 

ASTM D 781. 

 

C. PVC Jacketing:  High-impact, ultra-violet-resistant PVC, 20 mils thick, roll stock 

ready for shop or field cutting and forming to indicated sizes. 

1. Adhesive:  As recommended by insulation manufacturer. 

 

D. PVC Fitting Covers:  Factory-fabricated fitting covers manufactured from 20 mil 

thick, high-impact, ultra-violet-resistant PVC. 

1. Adhesive:  As recommended by insulation manufacturer. 

 

E. Aluminum Jacket:  ASTM B 209, 3003 Alloy, H-14 temper, factory cut and rolled to 

indicated sizes. 

 

F. Aluminum Jacket:  ASTM B 209, 3003 Alloy, H-14 temper, roll stock ready for shop 

or field cutting and forming to indicated sizes. 

1. Finish and Thickness:  Smooth finish, 0.010 inch thick. 

2. Moisture Barrier:  1 mil, heat-bonded polyethylene and kraft paper. 

3. Elbows:  Preformed 45-degree and 90-degree, short- and long-radius elbows, 

same material, finish, and thickness as jacket. 

 

2.8 ACCESSORIES AND ATTACHMENTS 

 

A. Glass Cloth and Tape:  Woven glass fiber fabrics, plain weave, presized a minimum 

of 8 ounces per sq. yd. 
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1. Tape Width: 3 inches. 

2. Cloth Standard:  MIL-C-20079H, Type I. 

3. Tape Standard:  MIL-C-20079H, Type II. 

 

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

1. Stainless Steel:  Type 304, 0.020 inch thick. 

2. Galvanized Steel:  0.005 inch thick. 

3. Aluminum:  0.007 inch thick. 

4. Brass:  0.01 inch thick. 

5. Nickel-Copper Alloy:  0.005 inch thick. 

 

C. Wire:  14 gage nickel copper alloy, 16 gage, soft-annealed stainless steel, or 16 gage, 

soft-annealed galvanized steel. 

 

D. Corner Angles:  28 gage, 1 inch by 1 inch aluminum, adhered to 2 inches by 2 inches 

kraft paper. 

 

E. Anchor Pins:  Capable of supporting 20 pounds each.  Provide anchor pins and speed 

washers of sizes and diameters as recommended by the manufacturer for insulation 

type and thickness. 

 

2.9 SEALING COMPOUNDS 

 

A. Vapor Barrier Compound:  Water-based, fire-resistive composition. 

1. Water Vapor Permeance:  0.08 perm maximum. 

2. Temperature Range:  Minus 20 to 180 deg F. 

 

B. Weatherproof Sealant:  Flexible-elastomer-based, vapor-barrier sealant designed to 

seal metal joints. 

1. Water Vapor Permeance:  0.02 perm maximum. 

2. Temperature Range:  Minus 50 to 250 deg F. 

3. Color:  Aluminum. 

 

 

PART 3 - EXECUTION 

 

3.1 PREPARATION 

 

A. Surface Preparation:  Clean, dry, and remove foreign materials such as rust, scale, and 

dirt. 

 

B. Mix insulating cements with clean potable water.  Mix insulating cements contacting 

stainless-steel surfaces with demineralized water. 

1. Follow cement manufacturer's printed instructions for mixing and portions. 

 

3.2 INSTALLATION, GENERAL 

 

A. Refer to schedules at the end of this Section for materials, forms, jackets, and 

thicknesses required for each mechanical system. 
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B. Select accessories compatible with materials suitable for the service.  Select 

accessories that do not corrode, soften, or otherwise attack the insulation or jacket in 

either the wet or dry state. 

 

C. Install vapor barriers on insulated pipes, ducts, and equipment having surface 

operating temperatures below 60 deg F. 

 

D. Apply insulation material, accessories, and finishes according to the manufacturer's 

printed instructions. 

 

E. Install insulation with smooth, straight, and even surfaces. 

 

F. Seal joints and seams to maintain vapor barrier on insulation requiring a vapor barrier. 

 

G. Seal penetrations for hangers, supports, anchors, and other projections in insulation 

requiring a vapor barrier. 

 

H. Seal Ends:  Except for flexible elastomeric insulation, taper ends at 45 degree angle 

and seal with lagging adhesive.  Cut ends of flexible elastomeric cellular insulation 

square and seal with adhesive. 

 

I. Apply adhesives and coatings at manufacturer's recommended coverage-per-gallon 

rate. 

 

J. Keep insulation materials dry during application and finishing. 

 

K. Items Not Insulated:  Unless otherwise indicated do not apply insulation to the 

following systems, materials, and equipment: 

1. Fibrous glass ducts. 

2. Factory-insulated flexible ducts. 

3. Factory-insulated plenums, casings, terminal boxes, and filter boxes and 

sections. 

4. Flexible connectors for ducts and pipes. 

5. Vibration control devices. 

6. Testing laboratory labels and stamps. 

7. Nameplates and data plates. 

8. Preinsulated access panels and doors in air distribution systems. 

9. Fire protection piping systems. 

10. Sanitary drainage and vent piping.  (Drainage piping receiving air 

conditioning condensate shall be insulated.) 

11. Drainage piping located in crawl spaces, unless indicated otherwise. 

12. Below grade piping. 

 

3.3 PIPE INSULATION INSTALLATION, GENERAL 

 

A. Tightly butt longitudinal seams and end joints.  Bond with adhesive. 

 

B. Stagger joints on double layers of insulation. 

 

C. Apply insulation continuously over fittings, valves, and specialties, except as 

otherwise indicated. 
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D. Apply insulation with a minimum number of joints. 

 

E. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 

2. Cover circumferential joints with butt strips, at least 3 inches wide, and of 

same material as insulation jacket. Secure with adhesive and outward 

clinching staples along both edges of butt strip and space 4 inches on center. 

3. Longitudinal Seams:  Overlap seams at least 1-1/2 inches.  Apply insulation 

with longitudinal seams at bottom of pipe.  Clean and dry surface to receive 

self-sealing lap.  Staple laps with outward clinching staples along edge at 4 

inches on center. 

a. Exception:  Do not staple longitudinal laps on insulation applied to 

piping systems with surface temperatures at or below 35 deg F. 

4. Vapor Barrier Coatings:  Where vapor barriers are indicated, apply on seams 

and joints, over staples, and at ends butt to flanges, unions, valves, and 

fittings. 

5. At penetrations in jackets for thermometers and pressure gages, fill and seal 

voids with vapor barrier coating. 

6. Repair damaged insulation jackets, except metal jackets, by applying jacket 

material around damaged jacket.  Adhere, staple, and seal.  Extend patch at 

least 2 inches in both directions beyond damaged insulation jacket and around 

the entire circumference of the pipe. 

 

F. Roof Penetrations:  Apply insulation for interior applications to a point even with the 

top of the roof flashing.  Seal with vapor barrier coating.  Apply insulation for exterior 

applications butted tightly to interior insulation ends.  Extend metal jacket for exterior 

insulation outside roof flashing at least 2 inches below top of roof flashing.  Seal 

metal jacket to roof flashing with vapor barrier coating. 

 

G. Wall and Partition Penetration:  Apply insulation continuously through walls and 

partitions, except fire-rated walls and partitions.   

 

H. Fire-Rated Walls and Partitions Penetrations:  Terminate insulation at penetrations 

through fire-rated walls and partitions.  Seal insulation ends with vapor barrier 

coating.  Seal around penetration with a U.L. Listed firestopping or fire-resistant joint 

sealer. 

 

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

support at top of floor. 

 

J. Flanges, Fittings, and Valves - Interior Exposed and Concealed:  Coat pipe insulation 

ends with vapor barrier coating.  Apply premolded, precut, or field-fabricated 

segments of insulation around flanges, unions, valves, and fittings.  Make joints tight.  

Bond with adhesive. 

1. Use same material and thickness as adjacent pipe insulation. 

2. Overlap nesting insulation by 2 inches or 1-pipe diameter, which ever is 

greater. 

3. Apply materials with adhesive, fill voids with mineral fiber insulating cement.  

Secure with wire or tape. 

4. Insulate elbows and tees smaller than 3 inches pipe size with premolded 

insulation. 
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5. Insulate elbows and tees 3 inches and larger with premolded insulation or 

insulation material segments.  Use at least 3 segments for each elbow. 

6. Cover insulation, except for metal jacketed insulation, with PVC fitting 

covers and seal circumferential joints with butt strips. 

 

K. Hangers and Anchors:  Apply insulation continuously through hangers and around 

anchor attachments.  Install saddles, shields, and inserts as specified in Division 15 

Section "Hangers and Supports." 

 

3.4 GLASS FIBER PIPE INSULATION INSTALLATION 

 

A. Bond insulation to pipe with lagging adhesive. 

 

B. Seal exposed ends with lagging adhesive. 

 

C. Seal seams and joints with vapor barrier compound. 

 

3.5 CELLULAR GLASS PIPE INSULATION INSTALLATION 

 

A. Cellular Glass Insulation:  Join sections of cellular glass insulation with vapor barrier 

compound.  Secure insulation with manufacturer's recommended adhesive.  Seal joints 

with manufacturer's recommended joint sealer. 

1. Multiple Layer Installations:  Stagger joints of multilayer installations.  

Secure inner layer with glass fiber reinforced tape.  Secure outer layers with 2 

metal bands for each insulation section. 

a. Finishing:  Apply metal jacket over manufacturer's recommended 

vapor barrier mastic. 

 

3.6 FLEXIBLE ELASTOMERIC CELLULAR PIPE INSULATION INSTALLATION 

 

A. Slip insulation on the pipe before making connections wherever possible.  Seal joints 

with adhesive.  Where the slip-on technique is not possible, cut one side longitudinally 

and apply to the pipe.  Seal seams and joints with adhesive. 

 

B. Valves, Fittings, and Flanges:  Cut insulation segments from pipe or sheet insulation.  

Bond to valve, fitting, and flange and seal joints with adhesive. 

1. Miter cut materials to cover soldered elbows and tees. 

2. Fabricate sleeve fitting covers from flexible elastomeric cellular insulation for 

screwed valves, fittings, and specialties.  Miter cut materials.  Overlap 

adjoining pipe insulation. 

 

3.7 EQUIPMENT INSULATION INSTALLATION, GENERAL 

 

A. Install board and block materials with a minimum dimension of 12 inches and a 

maximum dimension of 48 inches. 

 

B. Groove and score insulation materials as required to fit as closely as possible to the 

equipment and to fit contours of equipment.  Stagger end joints. 

 

C. Insulation Thicknesses Greater than 2 Inches:  Install insulation in multiple layers 

with staggered joints. 
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D. Bevel insulation edges for cylindrical surfaces for tight joint. 

 

E. Secure sections of insulation in place with wire or bands spaced at 9 inches centers, 

except for flexible elastomeric cellular insulation. 

 

F. Protect exposed corners with corner angles under wires and bands. 

 

G. Manholes, Handholes, and Information Plates:  Bevel and seal insulation ends around 

manholes, handholes, ASME stamps, and nameplates. 

 

H. Removable Insulation:  Install insulation on components that require periodic 

inspecting, cleaning, and repairing for easy removal and replacement without damage 

to adjacent insulation. 

 

I. Pumps:  Where insulation is indicated, fabricate galvanized steel boxes lined with 

insulation.  Fit boxes around pumps and coincide joints in box with the splits in the 

pump casings.  Fabricate joints with outward bolted flanges. 

 

J. Finishing:  Except for flexible elastomeric cellular insulation, apply 2 coats of vapor 

barrier compound to a minimum thickness of 1/16 inch.  Install a layer of glass cloth 

embedded between layers. 

 

3.8 GLASS FIBER EQUIPMENT INSULATION INSTALLATION 

 

A. Secure insulation with anchor pins and speed washers. 

 

B. Space anchors at maximum intervals of 18 inches in both directions and not more than 

3 inches from edges and joints. 

 

C. Apply a smoothing coat of insulating and finishing cement to finished insulation. 

 

3.9 CELLULAR GLASS EQUIPMENT INSULATION INSTALLATION 

 

A. Join sections of insulation with vapor barrier compound. 

 

B. Secure insulation with manufacturer's recommended adhesive.  Seal joints with 

manufacturer's recommended joint sealer. 

 

C. Secure inner layer of multiple layer installations with glass fiber reinforced tape.  

Secure outer layers with 2 metal bands for each insulation section. 

 

3.10 FLEXIBLE ELASTOMERIC CELLULAR EQUIPMENT INSULATION INSTALLATION 

 

A. Install sheets of the largest manageable size. 

 

B. Apply full coverage of adhesive to the surfaces of the equipment and to the insulation. 

 

C. Butt insulation joints firmly together and apply adhesive to insulation edges at joints. 
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3.11 DUCT INSULATION 

 

A. Install block and board insulation as follows: 

1. Adhesive and Band Attachment:  Secure block and board insulation tight and 

smooth with at least 50 percent coverage of adhesive.  Install bands spaced 12 

inches apart.  Protect insulation under bands and at exterior corners with metal 

corner angles.  Fill joints, seams, and chipped edges with vapor barrier 

compound. 

2. Speed Washers Attachment:  Secure insulation tight and smooth with speed 

washers and welded pins.  Space anchor pins 18 inches apart each way and 3 

inches from insulation joints.  Apply vapor barrier coating compound to 

insulation in contact, open joints, breaks, punctures, and voids in insulation. 

 

3.12 JACKETS 

 

A. Foil and Paper Jackets (FP):  Install jackets drawn tight.  Install lap or butt strips at 

joints with material same as jacket.  Secure with adhesive.  Install jackets with 1-1/2 

inches laps at longitudinal joints and 3 inch wide butt strips at end joints. 

1. Seal openings, punctures, and breaks in vapor barrier jackets and exposed 

insulation with vapor barrier compound (mastic) and glass tape (glassfab). 

 

B. Exterior Exposed Insulation:  Install continuous aluminum jackets and seal all joints 

and seams with waterproof sealant. 

 

C. Install metal jacket with 2 inches overlap at longitudinal and butt joints.  Overlap 

longitudinal joints to shed water.  Seal butt joints with weatherproof sealant 

recommended by insulation manufacturer.  Secure jacket with stainless-steel draw 

bands 12 inches on center and at butt joints. 

 

3.13 FINISHES 

 

A. Flexible Elastomeric Cellular Insulation:  After adhesive has fully cured, apply 2 coats 

of protective coating to exposed exterior insulation. 

 

3.14 APPLICATIONS 

 

A. General:  Materials and thicknesses are specified in schedules at the end of this 

Section. 

 

B. Piping Systems:  Unless otherwise indicated, insulate the following piping systems: 

1. Chilled water. 

2. Domestic makeup water piping. 

3. Air conditioning condensate drains and sanitary P-traps receiving air 

conditioning condensate. 

 

C. Equipment:  Unless otherwise indicated, insulate the following equipment: 

1. Chilled water equipment, tanks, pumps, and heat exchangers. 
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D. Duct Systems:  Unless otherwise indicated, insulate the following duct systems: 

1. Supply, return and outside air ductwork.  (Except exposed double-wall spiral 

duct.) 

2. Above-ceiling surfaces of all air devices. 

3. Interior exposed supply, return and outside air ductwork. 

4. Exterior exposed supply and return ductwork. 

5. Relief ductwork between air inlet devices and energy recovery units. 

6. Interior exposed and concealed supply fans, air handling unit casings and 

outside air plenums. 

7. Interior exposed range hood exhaust ductwork. 

8. Interior concealed range hood exhaust ductwork. 

9. Interior exposed oven and dishwasher exhaust ductwork. 

10. Interior concealed oven and dishwasher ductwork 

 

3.15 PIPE INSULATION SCHEDULES 

 

A. General:  Furnish insulation vapor barrier on all piping carrying fluids below 60ºF. 

 

B. Schedules: 

1. Chilled Water Piping: 

a. 1-inch Flexible elastomeric cellular insulation for piping 1” and 

smaller. 1½” thickness for piping larger than 1”.  

b. 2-inch Cellular glass insulation for piping 2-inches and larger exterior 

to building envelope. 

c. Furnish 2-inch insulation thickness for applications where piping is 

exposed. 

d. Furnish aluminum jacket on exterior piping. 

2. Air Conditioning Condensate Drain and Humidifier Drain Piping:  3/8" 

flexible elastomeric insulation (interior applications only). 

3. Domestic Makeup Water Piping (exterior): ¾” flexible elastomeric insulation. 

 

3.16 EQUIPMENT INSULATION SCHEDULES 

 

A. General:  Furnish insulation vapor barrier on all equipment with surface temperatures 

below 60º F. 

 

B. Schedules: 

1. Chilled Water Equipment:  1" flexible elastomeric insulation.  Furnish 

aluminum jacket for exterior installations. 

 

3.17 DUCTWORK AND PLENUM INSULATION SCHEDULES 

 

A. General:  Furnish vapor barrier on all ductwork insulation. 

 

B. Schedules: 

1. Interior Supply, return, and relief ductwork between air inlet devices and 

energy recovery units. and outdoor air ductwork: 

a. Lined and unlined within building envelope:  2" glass fiber blanket.  

Seal all joints and penetrations in jacket with glasfab and mastic. 

b. Outside building envelope: 3” glass fiber blanket. 
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2. Exterior Supply, return, and relief ductwork between air inlet devices and 

energy recovery units, and outdoor air ductwork (lined and unlined):  2" glass 

fiber board with aluminum jacket. 

3. Supply, Return and Outdoor Air Ductwork (lined and unlined) Exposed in 

Mechanical Rooms:  2" glass fiber board. 

 

3.18 INSULATION EXPOSED IN MECHANICAL ROOMS: 

 

A. Finish all piping, equipment and ductwork insulation exposed in each mechanical 

room with a field applied 8 ounce per square yard canvas jacket cemented in place 

with white lagging adhesive. 

 

B. Apply PVC pipe fitting covers over canvas. 

 

C. Paint canvas with two coats of enamel paint.  Colors shall be approved by the Design 

Professional.    Piping insulation shall be painted in accordance with the Owner’s 

color scheme. 

 

END OF SECTION 15250 
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SECTION 15510 

HYDRONIC PIPING 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes piping systems for hot water heating, chilled water cooling 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 15 Section "Basic Mechanical Materials and Methods" for general 

piping materials and installation methods. 

2. Division 15 Section "Valves". 

3. Division 15 Section "Meters and Gages". 

4. Division 15 Section "Hangers and Supports" for pipe supports. 

5. Division 15 Section "Mechanical Identification" for labeling and identifying 

hydronic systems. 

6. Division 15 Section "HVAC Pumps" for pumps, motors, and accessories for 

hydronic systems. 

7. Division 15 Section "Control Systems Equipment" for temperature-control valves 

and sensors. 

8. Division 15 Section "Testing, Adjusting, and Balancing" for hydronic system 

adjusting and balancing. 

 

1.3 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product Data including rated capacities of selected models, weights (shipping, installed, 

and operating), furnished specialties, accessories, and installation instructions for each 

hydronic specialty and special-duty valve specified. 

1. Submit flow and pressure drop curves for diverting fittings and calibrated plug 

valves, based on manufacturer's testing. 

2. Grooved joint products shall be shown on drawings and product submittals and 

shall be specifically identified with the applicable style or series number. 

 

C. Field test reports indicating and interpreting test results for compliance with performance 

requirements specified in Part 3 of this Section. 

 

D. Maintenance data for hydronic specialties and special-duty valves to include in the 

operation and maintenance manual. 
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1.4 QUALITY ASSURANCE 

 

A. ASME Compliance:  Comply with the following provisions: 

1. ASME B31.9, "Building Services Piping," for materials, products, and 

installation.  Safety 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." 

 

B. All grooved joint couplings, fittings, valves, and specialties shall be the products of a 

single manufacturer. Grooving tools shall be of the same manufacturer as the grooved 

components. 

1. All castings used for coupling housings, fittings, valve bodies, etc., shall be 

date stamped for quality assurance and traceability. 

 

1.5 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.  

 

D. Coordinate pipe fitting pressure classes with products specified in related Sections. 

 

E. Coordinate size and location of concrete housekeeping pads.  Cast anchor-bolt inserts into 

pad.  

 

F. Coordinate installation of pipe sleeves for penetrations in exterior walls and floor 

assemblies.  Coordinate with requirements for firestopping for fire and smoke wall and 

floor assemblies. 

 

1.6 EXTRA MATERIALS 

 

A. Maintenance Stock:  Furnish a sufficient quantity of chemicals for initial system startup 

and for preventive maintenance for one year from Material Completion. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

following: 



Hydronic Piping 15510-3 17040 

1. Grooved Mechanical-Joint Fittings and Couplings: 

a. Anvil International 

b. Victaulic Company of America. 

2. Calibrated Plug Valves (Balancing Valves): 

a. Amtrol, Inc. 

b. Armstrong Pumps, Inc. 

c. Flow Design, Inc. 

d. Gerand Engineering Co. 

e. Griswald 

f. Hydronic Components, Inc. (HCI) 

g. Mepco 

h. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

i. Taco, Inc. 

j. Tour and Anderson 

k. Victaulic 

3. Pressure-Reducing Valves: 

a. Amtrol, Inc. 

b. Anvil International 

c. Armstrong Pumps, Inc. 

d. ITT Hoffman; ITT Fluid Handling Div. 

4. Safety Relief Valves: 

a. Amtrol, Inc. 

b. Armstrong Pumps, Inc. 

c. Conbraco Industries, Inc. 

d. ITT Fluid Technology Corp.; ITT McDonnell & Miller. 

5. Expansion Tanks: 

a. Amtrol, Inc. 

b. Armstrong Pumps, Inc. 

c. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

d. Taco, Inc. 

6. Air Separators: 

a. Amtrol, Inc. 

b. Armstrong Pumps, Inc. 

c. ITT Fluid Technology Corp.; ITT Bell & Gossett. 

d. Taco, Inc. 

 

2.2 PIPE AND TUBING MATERIALS 

 

A. General:  Refer to Part 3 "Pipe Applications" Article for identifying where the following 

materials are used. 

 

B. Drawn-Temper Copper Tubing:  ASTM B 88, Type L. 

 

C. Steel Pipe, 2-Inch NPS and Smaller:  ASTM A 53, Type S (seamless), Grade B, 

Schedule 40, plain ends. 

 

D. Steel Pipe, 2-1/2- to 12-Inch NPS:  ASTM A 53, Type E (electric-resistance welded), 

Grade A, Schedule 40, plain ends. 

 



Hydronic Piping 15510-4 17040 

2.3 FITTINGS 

 

A. Wrought-Copper Fittings:  ASME B16.22. 

 

B. Wrought-Copper Unions:  ASME B16.22. 

 

C. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125, 150, and 300. 

 

D. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300. 

 

E. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300. 

 

F. Cast-Iron Threaded Flanges:  ASME B16.1, Classes 125 and 250; raised ground face, bolt 

holes spot faced. 

 

G. Wrought-Steel Fittings:  ASTM A 234, Standard Weight. 

 

H. 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. 

 

I. Grooved End Fittings and Couplings:  

1. Fittings: ASTM A536, Grade 65-45-12, ductile iron; ASTM A234, Grade WPB, 

wrought steel; or factory-fabricated from ASTM A53 steel pipe. 

2. Couplings: Grooved joint couplings shall consist of two ductile iron housing 

segments, pressure responsive elastomer gasket, and ASTM A449 zinc-

electroplated steel bolts and nuts. Couplings shall comply with ASTM F-1476 - 

Standard Specification for Performance of Gasketed Mechanical Couplings for 

Use in Piping Applications. 

a. Rigid: Coupling housings with offsetting, angle-pattern bolt pads shall be 

used to provide system rigidity and support and hanging in accordance 

with ANSI B31.1 and B31.9. Installation-Ready, for direct stab 

installation without field disassembly. Basis of Design: Victaulic Style 

107N. 

b. Piping 14” and above: Two-segment couplings with lead-in chamfer on 

housing key and wide-width FlushSeal gasket. Basis of Design: Victaulic 

AGS Style W07 (rigid) and Style W77 (flexible). 

 

J. Grooved Mechanical-Joint Fittings:  ASTM A 536, Grade 65-45-12 ductile iron; 

ASTM A 47, Grade 32510 malleable iron; ASTM A 53, Type F, E, or S, Grade B 

fabricated steel; or ASTM A 106, Grade B steel fittings with grooves or shoulders 

designed to accept grooved end couplings. 

 

K. Grooved Mechanical-Joint Couplings:  Consist of ductile- or malleable-iron housing, a 

synthetic rubber gasket of a central cavity pressure-responsive design; with nuts, bolts, 

locking pin, locking toggle, or lugs to secure grooved pipe and fittings. 
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L. Flexible Connectors:  Stainless-steel bellows with woven, flexible, bronze, wire-

reinforcing protective jacket; 150-psig minimum working pressure, 250 deg F maximum 

operating temperature.  Connectors shall have flanged or threaded end connections to 

match equipment connected and shall be capable of 3/4-inch misalignment. 

 

M. Spherical, Rubber, Flexible Connectors:  Fiber-reinforced rubber body, steel flanges 

drilled to align with Classes 150 and 300 steel flanges; operating temperatures up to 250 

deg F and pressures up to 150 psig. 

 

N. Packed, Slip, Expansion Joints:  150-psig minimum working pressure, steel pipe fitting 

consisting of telescoping body and slip-pipe sections, packing ring, packing, limit rods, 

flanged ends, and chrome-plated finish on slip-pipe telescoping section. 

 

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. Grooved Joint Lubricants: Lubricate gaskets with lubricant supplied by the coupling 

manufacturer in accordance with published installation instructions. The lubricant shall be 

approved for the gasket elastomer and system media. 

 

E. Gasket Material:  Thickness, material, and type suitable for fluid to be handled; and design 

temperatures and pressures. 

 

2.5 VALVES 

 

A. 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 (Balancing Valves):  125-psig working pressure, 250 deg F 

maximum operating temperature, bronze body, plug valve with calibrated orifice.  Provide 

with connections for portable differential pressure meter with integral Schrader valves.  

Valve shall have integral pointer and calibrated scale to register degree of valve opening.  

Valves 2-inch NPS and smaller shall have threaded connections and 2-1/2-inch NPS 

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. 
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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 and nonferrous internal parts; 150-psig working pressure, 

225 deg F operating temperature; manually operated with screwdriver or thumbscrew; 

with 1/8-inch NPS discharge connection and 1/2-inch NPS inlet connection.  Pipe outlet to 

floor drain. 

 

B. Automatic Air Vent:  Designed to vent automatically with float principle; bronze body and 

nonferrous internal parts; 150-psig working pressure, 240 deg F operating temperature; 

with 1/4-inch NPS discharge connection and 1/2-inch NPS inlet connection. 

 

C. Diaphragm-Type Expansion Tanks:  Welded carbon steel for 125-psig working pressure, 

375 deg F maximum operating temperature.  Separate air charge from system water to 

maintain design expansion capacity, by a flexible diaphragm securely sealed into tank.  

Provide taps for pressure gage and air-charging fitting, and drain fitting.  Support vertical 

tanks with steel legs or base; support horizontal tanks with steel saddles.  Fabricate and 

test tank with taps and supports, and label according to ASME Boiler and Pressure Vessel 

Code, Section VIII, Division 1. 

 

D. Air Separators (Sediment Removal Style):   

1. Welded black steel; ASME constructed and labeled for 125-psig minimum 

working pressure and 350 deg F maximum operating temperature;  centrifugal 

type sediment removal separator; tangential inlet and outlet connections; threaded 

connections for 2-inch NPS and smaller; flanged connections for 1-1/2-inch NPS 

and larger; threaded blow-down connection.  Provide units in sizes for full-system 

flow capacity. 

2. Vessel shell diameter is to be three times the nominal inlet/outlet pipe diameter.  

The unit shall have a solid separation efficiency of 98% of 200 mesh sand and 

water solution, and be capable of heavier –than-water, un-dissolved sediment 

separation of at least 40 microns.  The unit shall be capable of air separation and 

elimination. 

3. The unit shall have a welded sump at the bottom to collect sediment separated out 

by centrifugal action.  Connections shall be provided to purge the unit of collected 

sediment manually. 

 

E. Chemical Feeder:  Bypass-type chemical feeders of 2-gal. capacity, welded steel 

construction; 125-psig working pressure; complete with fill funnel and inlet, outlet, and 

drain valves. 

1. Chemicals:  Specially formulated to prevent accumulation of scale and corrosion 

in piping system and connected equipment, and based on a water analysis of 

makeup water. 

 

F. Diverting Fittings:  125-psig working pressure, 250 deg F maximum operating 

temperature; cast-iron body with threaded ends, or wrought copper with soldered ends.  

Indicate flow direction on fitting. 
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G. Y-Pattern Strainers:  125-psig working pressure; cast-iron body (ASTM A 126, Class B) 

or cast bronze body (ASTM B-584), flanged ends for 2-1/2-inch NPS and larger, threaded 

connections for 2-inch NPS and smaller, bolted cover, perforated Type 304 stainless-steel 

basket, and bottom drain connection. 

 

H. Basket Strainers:  125-psig 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. 

 

I. T-Pattern Strainers:  300-psig working pressure; ductile-iron body, grooved end 

connections, Type 304 stainless-steel strainer basket with 2:1 total free area; removable 

access coupling and end cap or T-bolt hinged closure for strainer maintenance. Basis of 

design: Victaulic Style 730/W730. 

 

 

PART 3 - EXECUTION 

 

3.1 PIPE APPLICATIONS 

 

A. Hot and Chilled Water, 2-Inch NPS and Smaller:  Aboveground, use Type L drawn-

temper copper tubing with brazed joints or steel pipe with threaded joints.  Belowground 

or within slabs, use Type K annealed-temper copper tubing with soldered joints.  Use a 

minimum number of joints belowground and within slabs. 

 

B. Hot and Chilled Water:  Aboveground, use Type L drawn-temper copper tubing with 

soldered joints.  Belowground or within slabs, use Type K annealed-temper copper tubing 

with soldered joints.  Use a minimum number of joints belowground and within slabs. 

 

C. Hot and Chilled Water, 2-1/2-Inch NPS and Larger:  Steel pipe with welded and flanged 

joints or grooved joints. 

 

D. Condensate and other Drain Lines:  Type L drawn-temper copper tubing with soldered 

joints. 

 

E. Makeup Water Lines:  Type "L" 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 gate, ball, and butterfly valves. 

2. Throttling Duty:  Use globe, ball, and butterfly valves. 

 

B. Install shutoff-duty valves at each branch connection to supply and return mains, at supply 

connections to each piece of equipment, and elsewhere as indicated. 

 

C. Install calibrated plug valves on the outlet of each heating or cooling element and 

elsewhere as required to facilitate system balancing. 
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D. Install drain valves at low points in mains, risers, branch lines, and elsewhere as required 

for system drainage.  Install manual air vents at high points as required to relieve air from 

the system. 

 

E. 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. 

 

F. 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 ball valve, and short 3/4-inch NPS 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. 

 

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 and smaller, adjacent to each valve, at final connections 

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 and larger 

connections. 

 

I. Unions and flanges for servicing and disconnect are not required in installations using 

grooved mechanical joint couplings. (The couplings shall serve as disconnect points if 

required.) 

 

J. Install flexible connectors at inlet and discharge connections to pumps, air handling units 

and other vibration-producing equipment. 

 

K. 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 nipple and ball valve in blow-down connection of strainers 2-inch NPS and larger. 

 

L. Anchor piping to ensure proper direction of expansion and contraction. 
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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. 

2. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal runs 20 feet or longer, 

supported on a trapeze. 

3. 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:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 

2. 1-Inch NPS:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 

3. 1-1/2-Inch NPS:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 

4. 2-Inch NPS:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 

5. 2-1/2-Inch NPS:  Maximum span, 11 feet; minimum rod size, 3/8 inch. 

6. 3-Inch NPS:  Maximum span, 12 feet; minimum rod size, 3/8 inch. 

7. 4-Inch NPS:  Maximum span, 14 feet; minimum rod size, 1/2 inch. 

8. 6-Inch NPS:  Maximum span, 17 feet; minimum rod size, 1/2 inch. 

9. 8-Inch NPS:  Maximum span, 19 feet; minimum rod size, 5/8 inch. 

10. 10-Inch NPS:  Maximum span, 20 feet; minimum rod size, 3/4 inch. 

11. 12-Inch NPS:  Maximum span, 23 feet; minimum rod size, 7/8 inch. 

 

D. Install hangers for drawn-temper copper piping with the following minimum rod sizes and 

maximum spacing: 

1. 3/4-Inch NPS:  Maximum span, 5 feet; minimum rod size, 1/4 inch. 

2. 1-Inch NPS:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 

3. 1-1/2-Inch NPS:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 

4. 2-Inch NPS:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 

5. 2-1/2-Inch NPS:  Maximum span, 11 feet; minimum rod size, 3/8 inch. 

6. 3-Inch NPS:  Maximum span, 12 feet; minimum rod size, 3/8 inch. 

 

E. Plastic Piping Hanger Spacing:  Space hangers according to pipe manufacturer's 

recommendations for service conditions.  Avoid point loading.  Space and install hangers 

with the least practical number of rigid anchor points. 

 

F. 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, grooved and flanged joints in steel piping; and solvent-welded joints for PVC and 

CPVC piping. 

 

B. Mechanical Joints:  Assemble joints according to fitting manufacturer's written 

instructions. 
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C. Grooved Joints: Install in accordance with the manufacturer’s latest published installation 

instructions. Pipe ends shall be clean and free from indentations, projections and roll 

marks in the area from pipe end to (and including) groove. Gasket shall be manufactured 

by the coupling manufacturer and verified as suitable for the intended service. A factory 

trained representative (direct employee) of the coupling manufacturer shall provide on-site 

training for contractor’s field personnel in the use of grooving tools, application of groove, 

and product installation. The representative shall periodically visit the job site and review 

installation to ensure best practices in grooved joint installation are being followed. 

Contractor shall remove and replace any improperly installed products. 

 

3.6 HYDRONIC SPECIALTIES INSTALLATION 

 

A. Install manual air vents at high points in system, at heat-transfer coils, and elsewhere as 

required for system air venting. 

 

B. Install automatic air vents where indicated. 

 

C. Install dip-tube fittings in boiler outlet.  Run piping to compression tank with a 2 percent 

upward slope toward tank.  Connect boiler-outlet piping. 

 

D. Install in-line air separators in pump suction lines.  Install drain valve on units 2-inch NPS 

and larger. 

 

E. Install combination air separator and strainer in pump suction lines.  Run piping to 

compression tank with a 2 percent upward slope toward tank.  Install blow-down piping 

with gate valve; extend to nearest drain. 

 

F. Install shot-type chemical feeders in each hydronic system where indicated; in upright 

position with top of funnel not more than 48 inches above floor.  Install feeder in bypass 

line, off main using globe valves on each side of feeder and in the main between bypass 

connections.  Pipe drain, with ball valve, to nearest equipment drain. 

 

G. Install diaphragm-type expansion tanks as indicated.  Vent and purge air from hydronic 

system, and charge tank with proper air charge to suit system design requirements. 

 

3.7 TERMINAL EQUIPMENT CONNECTIONS 

 

A. Unless noted otherwise on plans, piping size for supply and return shall be same size as 

equipment connections.  Furnish piping header where coil has multiple connections. 

 

B. Install control valves in accessible locations close to equipment. 

 

C. Install bypass piping with globe valve around control valve where indicated.  Where 

multiple, parallel control valves are installed, only one bypass is required. 

 

D. Install pressure gages at coil connections. 

 

3.8 FIELD QUALITY CONTROL 

 

A. Testing Preparation:  Prepare hydronic piping according to ASME B31.9 and as follows: 
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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 Piping, "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.  

Remove burrs, dirt, and construction debris, and repair damaged finishes including chips, 

scratches, 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. 

 

C. Mark calibrated nameplates of pump discharge valves after hydronic system balancing has 

been completed, to permanently indicate final balanced position. 
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D. Chemical Treatment:  Provide a water analysis prepared by chemical treatment supplier to 

determine 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, chillers, and cooling towers to 

design requirements. 

8. Lubricate motors and bearings. 

 

 

END OF SECTION 15510 
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SECTION 15540 

HVAC PUMPS 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes the following categories of HVAC pumps for hydronic systems: 

1. Vertical in-line pumps. 

 

B. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 15 Section "Meters and Gages" for thermometers and pressure gages, 

connector plugs, and devices. 

2. Division 15 Section "Motors" for pump motors, “Motor Controllers” for pump 

motor starters. 

3. Division 15 Section "Vibration Control" for inertia pads, isolation pads, spring 

supports, spring hangers, and flexible pipe connectors. 

4. Division 15 Section "Controls Systems Equipment" for interlock wiring between 

pumps, and between pumps and field-installed control devices. 

5. Division 16 Sections for power-supply wiring, field-installed disconnects, 

required electrical devices, and motor controllers. 

 

1.3 PERFORMANCE REQUIREMENTS 

 

A. Pump Pressure Ratings:  At least equal to system's maximum operating pressure at point 

where installed, but not less than specified. 

 

B. Selection Point:  All pump design operating points shall be at less than 80% of the end-of-

curve flow rate.  Pump inlet fluid velocity shall not exceed 12 feet per second. 

 

1.4 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product data including certified performance curves and rated capacities of selected 

models, weights (shipping, installed, and operating), furnished specialties, and accessories. 

 Indicate pump's operating point on curves. 

 

C. Wiring diagrams detailing wiring for power, signal, and control systems and 

differentiating between manufacturer-installed wiring and field-installed wiring. 

 

D. Maintenance data for pumps to include in the operation and maintenance manual.   Include 

startup instructions. 

 

1.5 QUALITY ASSURANCE 

 

A. Regulatory Requirements:  Comply with provisions of the following: 
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1. ASME B31.9 "Building Services Piping" for piping materials and installation. 

2. Hydraulic Institute's "Standards for Centrifugal, Rotary & Reciprocating Pumps" 

for pump design, manufacture, testing, and installation. 

3. UL 778 "Standard for Motor Operated Water Pumps" for construction 

requirements.  Include UL listing and labeling. 

4. NEMA MG 1 "Standard for Motors and Generators" for electric motors.  Include 

NEMA listing and labeling. 

5. NFPA 70 "National Electrical Code" for electrical components and installation. 

 

B. Single-Source Responsibility:  Obtain each category of pumps from 1 source and by a 

single manufacturer.  Include responsibility and accountability to answer questions and 

resolve problems regarding compatibility, installation, performance, and acceptance of 

pumps. 

 

C. Product Options:  Drawings indicate sizes, profiles, connections, and dimensional 

requirements of pumps and are based on the specific types and models indicated.  Other 

manufacturers' pumps with equal performance characteristics may be considered for prior 

approval.   

 

1.6 DELIVERY, STORAGE, AND HANDLING 

 

A. Store pumps in dry location. 

 

B. Retain shipping flange protective covers and protective coatings during storage. 

 

C. Protect bearings and couplings against damage from sand, grit, and other foreign matter. 

 

D. Extended Storage Longer than 5 Days:  Dry internal parts with hot air or vacuum-

producing device.  Coat internal parts with light oil, kerosene, or antifreeze after drying.  

Dismantle bearings and couplings; dry; coat with acid-free, heavy oil; tag; and store in dry 

location. 

 

E. Comply with pump manufacturer's rigging instructions. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

following: 

1. General Duty Pumps and Specialty Fittings: 

a. Armstrong Pumps, Inc. 

b. Buffalo Pumps, Inc. 

c. Fairbanks Morse Pump Corp. 

d. Federal Pump Corp. 

e. Flo Fab 

f. General Signal: Aurora Pump 

g. Goulds Pumps, Inc. 

h. Bell & Gossett 

i. Paco Pumps, Inc. 
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j. Patterson 

k. Peerless Pump Co. 

l. Swaby Manufacturing Co. 

m. Taco, Inc. 

n. Weil Pump Co. 

2. Pump Specialty Fittings: 

a. Anvil International 

b. Central Sprink, Inc. 

c. Ductilic, Inc. 

d. Grinnell Corp. 

e. National Fittings, Inc. 

f. Star Pipe Products, Inc.; Star Fittings Div. 

g. Victaulic (grooved piping applications) 

 

2.2 PUMPS, GENERAL 

 

A. General:  Factory assembled and tested. 

 

B. Motors: See Division 15 “Motors.”  Note special requirements for motors driven by 

variable frequency drives. 

 

C. Types, Sizes, Capacities, and Characteristics:  As indicated. 

 

D. Factory Finish:  Manufacturer's standard paint applied to factory-assembled and -tested 

units before shipping. 

 

E. Manufacturer's Preparation for Shipping:  Clean flanges and exposed machined metal 

surfaces and treat with anticorrosion compound after assembly and testing.  Protect 

flanges, pipe openings, and nozzles with wooden flange covers or with screwed-in plugs. 

 

2.3 VERTICAL IN-LINE PUMPS 

 

A. Description:  Vertical, in-line, centrifugal, separately coupled, single-stage, radially split 

case design.  Include vertical-mounting, bronze-fitted design and mechanical seals rated 

for 125-psig minimum working pressure and a continuous water temperature of 225 deg F. 

 Include the following: 

1. Casing:  Cast iron, with threaded companion flanges for piping connections 

smaller than 2-1/2 inches, drain plug in bottom of volute, and threaded gage 

tappings at inlet and outlet connections. 

a. Connection Option:  Include unions, instead of threaded companion 

flanges, at connections for casings that are not available with threaded 

companion flanges. 

2. Impeller:  ASTM B 584, cast bronze, statically and dynamically balanced, closed, 

overhung, single suction, and keyed to shaft. 

3. Wearing Rings:  Replaceable, bronze casing ring. 

4. Shaft and Sleeve:  Ground and polished steel shaft with bronze sleeve and integral 

thrust bearing.  Include flinger on motor shaft between motor and seals to prevent 

liquid that leaks past pump seals from entering motor bearings. 
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5. Seals:  Mechanical type.  Include carbon-steel rotating ring, stainless-steel spring, 

ceramic seat, and flexible bellows and gasket. 

6. Motor:  Direct mounted to pump casing.  Include lifting and supporting lugs in 

top of motor enclosure. 

 

2.4 PUMP SPECIALTY FITTINGS 

 

A. Include the following pump specialty fittings with end connections matching pump and 

piping, where indicated: 

1. Suction Diffuser:  Angle or straight pattern, 175-psig pressure rating, cast-iron 

body and end cap, pump-inlet fitting.  Include bronze startup and bronze or 

stainless-steel permanent strainers; bronze or stainless-steel straightening vanes; 

drain plug; and factory- or field-fabricated support. 

 

2.5 AUTOMATIC CONDENSATE PUMP UNITS 

 

A. Description:  Complete unit with corrosion-resistant pump, plastic tank with cover, and 

automatic controls.  Include factory- or field-installed check valve and a 72-inch minimum 

electrical power cord with plug. 

 

2.6 GENERAL-DUTY VALVES 

 

A. Refer to Division 15 Section "Valves" for general-duty valves. 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine areas, equipment foundations, and conditions, with Installer present, for 

compliance with requirements for installation and other conditions affecting performance 

of pumps. 

 

B. Examine roughing-in for piping systems to verify actual locations of piping connections 

before pump installation. 

 

C. Examine foundations and inertia bases for suitable conditions where pumps are to be 

installed. 

 

D. Do not proceed until unsatisfactory conditions have been corrected. 

 

3.2 INSTALLATION 

 

A. Install pumps according to manufacturer's written installation and alignment instructions. 

 

B. Install pumps in locations indicated and arranged to provide access for periodic 

maintenance, including removal of motors, impellers, couplings, and accessories. 

 

C. Support pumps and piping separately so that piping is not supported by pumps. 
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D. Suspend in-line pumps using continuous-thread hanger rod and vibration-isolation hangers 

of sufficient size to support weight of pump independent of piping system. 

 

3.3 CONNECTIONS 

 

A. General:  Install shutoff valve and strainer on pump suction and check valve and shutoff 

valve in pump discharge, except where other arrangement is indicated. 

 

B. Connect piping to pumps as indicated.  Install valves that are the same size as piping. 

 

C. Install suction and discharge pipe sizes equal to or greater than the diameter of pump 

nozzles. 

 

D. Install non-slam check valve and globe valve on discharge side of vertical in-line pumps. 

 

E. Install suction diffuser and shutoff valve on suction side of vertical in-line pumps. 

 

F. Install thermometers where indicated. 

 

G. Install pressure gages on pump where indicated.  Install at integral pressure gage tappings 

where provided. 

 

H. Install electrical connections for power, controls, and devices. 

 

I. Electrical power and control wiring and connections are specified in Division 16 Sections. 

 

3.4 FIELD QUALITY CONTROL 

 

A. Check suction piping connections for tightness to avoid drawing air into pumps. 

 

B. Clean strainers. 

 

C. Set pump controls. 

 

3.5 COMMISSIONING 

 

A. Final Checks Before Startup:  Perform the following preventive maintenance operations 

and checks before startup: 

1. Lubricate bearings. 

2. Disconnect coupling and check motor for proper rotation that matches direction 

marked on pump casing. 

3. Check that pumps are free to rotate by hand.  Pumps for handling hot liquids shall 

be free to rotate with pump hot and cold.  Do not operate pump if it is bound or 

even drags slightly until cause of trouble is determined and corrected. 

4. Check that pump controls are correct for required application. 

 

B. Starting procedure for pumps with shutoff power not exceeding safe motor power: 

1. Prime pumps, opening suction valve, closing drains, and preparing pumps for 

operation. 

2. Open cooling water supply valves in cooling water supply to bearings, where 

applicable. 
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3. Open cooling water supply valves if stuffing boxes are water-cooled. 

4. Open sealing liquid supply valves if pumps are so fitted. 

5. Open circulating line valves if pumps should not be operated against dead shutoff. 

6. Start motors. 

7. Open discharge valves slowly. 

8. Observe leakage from stuffing boxes and adjust sealing liquid valve for proper 

flow to ensure lubrication of packing.  Let packing "run in" before reducing 

leakage through stuffing boxes; then tighten glands. 

9. Check general mechanical operation of pumps and motors. 

10. Close circulating line valves once there is sufficient flow through pumps to 

prevent overheating. 

 

C. When pumps are to be started against closed check valves with discharge shutoff valves 

open, steps are the same, except that discharge valves are opened sometime before motors 

are started. 

 

D. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for detailed 

requirements for testing, adjusting, and balancing hydronic systems. 

 

 

END OF SECTION 15540 
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SECTION 15545 

CHEMICAL WATER TREATMENT 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes water-treatment systems for the following: 

1. Hot-water heating systems. 

 

1.3 SYSTEM DESCRIPTION 

 

A. Closed System:  

1. Introduce closed system treatment through bypass where indicated on the 

drawings. 

2. Performance:  Water treatment sized and equipped to treat raw water available at 

Project site to sustain the following water characteristics: 

a. Hardness:  0.00. 

b. Iron:  0.00. 

c. Total Dissolved Solids (TDS):  1500 to 1750 ppm (as CaCO3). 

d. Silica:  60 ppm or less. 

e. pH:  10.5 or above. 

 

1.4 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product data for each type of product specified.  Include manufacturer's technical product 

data furnished specialties, accessories, and installation and startup instructions. 

 

C. Field test reports indicating and interpreting test results relative to compliance with 

specified requirements. 

 

D. Maintenance data for chemical water treatment to include in the operation and 

maintenance manual. 

 

1.5 QUALITY ASSURANCE 

 

A. Supplier Qualifications:  A recognized chemical water treatment supplier with 

warehousing facilities in the Project's vicinity and that is or employs an experienced 

consultant, available at reasonable times during the course of the Work to consult with 

Contractor, Design Professional, and Owner about water treatment. 

 

B. Chemical Standards:  Meet state and local pollution-control regulations. 
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1.6 MAINTENANCE 

 

A. Service Period:  Provide chemicals and service program for period of two years from 

startup date of project completion including the following: 

1. Initial water analysis and recommendations. 

2. Startup assistance. 

3. Training of operating personnel. 

4. Monthly field service, chemical testing and consultation. 

5. Customer report charts and log sheets. 

6. Laboratory technical assistance. 

7. System cleanout. 

 

1.7 EXTRA MATERIALS 

 

A. Furnish the following extra materials, matching products installed, packaged with 

protective covering for storage and with identification labels clearly describing contents. 

 

B. Chemicals:  Furnish quantity equal to two years of operation. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

following (no exceptions): 

1. Chemical Water Treatment Products: 

a. Superior Water Services 

b. Anderson Chemical Co., Inc. 

c. Betz Inc. 

d. Grace:  W.R. Grace & Co.; Dearborn Div. 

e. Metro Group, Inc.; Metropolitan Refining Div. 

f. Nalco Chemical Co. 

g. Chemtreat, Inc. 

 

2.2 CHEMICALS 

 

A. Furnish chemicals recommended by water treatment system manufacturer for treating 

water to meet specified water quality.  Provide only chemicals that are compatible with 

piping materials, seals, and accessories. 

 

B. System Cleaner:  Liquid alkaline compound with emulsifying agents and detergents to 

remove grease and petroleum products. (Clean-N-Flush) 

 

C. Closed System (Water) Chemicals:  Sequestering agent to reduce deposits and adjust pH, 

corrosion inhibitors, and conductivity enhancers. (Closed System Guard) 
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PART 3 - EXECUTION 

 

3.1 CLEANING 

 

A. Ensure that system is operational, filled, started, and vented prior to cleaning.  Place 

terminal control valves in OPEN position during cleaning.  Use water meter to record 

capacity in each system. 

 

B. Add cleaning chemicals as recommended by manufacturer. 

1. Hot water heating system: Circulate water in the system for four (4) hours then 

flush until clean water is present. Add five (5) gallons of Clean-N-Flush and 

circulate 72 hours. Flush until clear water is present. Add another five (5) gallons 

of Clean-N-Flush and circulate 72 hours. Flush until water is clear. 

 

3.2 TREATMENT 

 

A. Add five (5) gallons of Closed System Guard (CSG) and circulate for 72 hours. Test the 

pH and treatment levels. If low, add additional CSG and allow to circulate for 72 hours. 

Re-test and adjust as required. 

 

B. Provide weekly re-testing for the first month of operation. Provide monthly retesting and 

chemical adjustment for the remainder of the two years. 

 

 

END OF SECTION 15545 
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SECTION 15683 

SCROLL COMPRESSOR CHILLERS 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes scroll compressor chillers. 

 

B. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 15 Section "Hydronic Piping" for chiller piping requirements. 

2. Division 15 Section "Refrigerant Piping" for chiller piping requirements. 

3. Division 15 Section "Vibration Control" for vibration isolation requirements of 

chillers. 

4. Division 15 Sections for temperature control systems for control interface with 

chillers. 

 

1.3 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product data for each chiller including the following: 

1. Refrigerant. 

2. Capacity. 

3. Condenser pressure drop. 

4. Cooler pressure drop. 

5. Weights (shipping, installed, and operating). 

6. Furnished accessories. 

7. Installation and startup instructions. 

 

C. Shop drawings detailing fabrication and installation of chiller, including plans, elevations, 

sections, component details, attachments, and other construction elements.  Include the 

following: 

1. Dimensions. 

2. Weight loadings and distribution. 

3. Clearances for maintenance and operation. 

4. Size and location of field connections. 

 

D. Wiring diagrams detailing power and control wiring.  Differentiate clearly between 

manufacturer-installed wiring and field-installed wiring. 

 

E. Maintenance data for each chiller to include in the operating and maintenance manual. 

 

F. Certification of performance from the factory. 

 

G. Certification letter from manufacturer stating that the chiller has been through startup 

procedures and that it is functioning properly. 
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1.4 QUALITY ASSURANCE 

 

A. Manufacturer Qualifications:  Firm experienced in manufacturing scroll compressor 

chillers similar to those indicated for this Project and that have a record of successful in-

service performance. 

 

B. Installer Qualifications:  Engage an experienced Installer who has successfully installed 

scroll compressor chillers. 

 

C. ARI Compliance:  Conform to ARI 590 for chiller ratings. 

 

D. ASHRAE Compliance:  Conform to ASHRAE 15 for chiller design, construction, leak 

testing, and installation. 

 

E. ASME Compliance:  Comply with ASME "Boiler and Pressure Vessel Code," Section 

VIII, "Pressure Vessels," Division 1, "Basic Coverage" for constructing and testing cooler 

and condenser pressure vessels.  Stamp cooler and condenser with ASME mark. 

 

F. ASME Compliance:  Comply with ASME "Boiler and Pressure Vessel Code," Section 

VIII, "Pressure Vessels," Division 1, "Basic Coverage" for constructing and testing cooler 

pressure vessel.  Stamp cooler with ASME mark. 

 

G. NEC Compliance:  Comply with applicable NEC requirements pertaining to electrical 

power and control wiring. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

A. Packing and Shipping:  Protect chillers from damage by factory packing. 

 

B. Acceptance on Site:  Reject any damaged chiller upon arrival. 

 

C. Storage and Protection:  Store chillers to prevent damage, and protect from weather, dirt, 

fumes, water, and construction debris.  Provide a clean dry space if available. 

 

D. Handling:  Handle chillers according to the manufacturer's rigging and installation 

instructions for unloading and transporting into the final location. 

 

1.6 WARRANTY 

 

A. Written manufacturer's warranty covering all parts within a period of (10) years. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Manufacturers:  Subject to compliance with requirements, provide reciprocating chillers 

by one of the following: 
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1. Outdoor Air-Cooled Scroll Chillers: 

a. Carrier Corporation, Subsidiary of United Technologies Corp. 

b. Johnson Controls, Inc. 

c. McQuay 

d. The Trane Company. 

 

2.2 OUTDOOR AIR-COOLED SCROLL CHILLERS 

 

A. Compressor Features:  Hermetic scroll compressor with the following options: 

1. Multiple compressors 

2. Stepped capacity control. 

3. Vibration isolators to isolate compressors. 

4. Crankcase heater. 

5. Oil strainer. 

6. Oil sight glass. 

7. Oil filling connection. 

8. Reversible, positive-displacement oil pump. 

9. Oil filter with magnetic plug. 

10. Suction and discharge line service valves. 

 

B. Refrigerant:  R-410a; full operating charge of refrigerant and oil. 

 

C. Cooler:  Direct-expansion shell and tube cooler with the following features: 

1. Refrigerant totally enclosed in the tubes; water enclosed by the shell. 

2. Seamless copper tubes expanded into tube sheets.  

a. Internal Finish:  Ribbed. 

3. Removable carbon-steel heads. 

4. Refrigerant Working Pressure:  225 psig. 

5. Water-Side Working Pressure:  300 psig. 

 

D. Insulation:  Factory-insulate cooler, suction lines, and other surfaces where condensation 

might occur with flexible elastomeric insulation of the following thickness: 

1. Thickness:  1/2 inch. 

 

E. Air-Cooled Condenser:  Include the following features: 

1. Coils:  Seamless copper tubing mechanically jointed to aluminum fins. 

a. Factory leak-test coils. 

2. Fans:  Direct drive, statically and dynamically balanced, with fan guards. 

3. Fan Motor:  3-phase, inherent overload protection, permanently lubricated 

bearings. 

 

F. Exterior Casing:  Manufacturer's standard equipment casing with the following features: 

1. Coated with corrosion-resistant exterior finish. 

2. Removable doors or panels for service and inspection of components. 

3. Tamperproof guards. 

 

G. Refrigerant Circuit Accessories:  Include the following: 

1. Solenoid valve in each liquid line. 

2. Filter/dryer for each circuit with replaceable core. 

3. Sight glass and moisture indicator in each liquid line. 

4. Thermal-expansion valve for each circuit. 
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5. Manual shutoff in each liquid line. 

6. Refrigerant charging connection for each circuit. 

 

H. Control Panel:  Include the following control features: 

1. Evaporator-freeze protection. 

2. Chilled-water-temperature controller. 

3. Chilled water flow protection. 

4. Load limiting. 

5. Lead/lag compressor sequencing. 

6. Low-ambient-temperature head-pressure control. 

7. Low-ambient-temperature time delay. 

8. Low-refrigerant-pressure protection. 

 

I. Chiller Options:  Include the following: 

1. Hot gas bypass. 

2. Control transformer. 

3. Electric heat-tracing on cooler. 

 

J. Motor-Protection Features:  Include the following: 

1. Compressor overcurrent protection. 

2. Compressor thermal-overload protection. 

3. Single-phasing protection. 

 

K. Power Controls:  Combination controller and disconnect with part-wind start. 

 

L. Power Controls:  Combination controller and disconnect with across-the-line start. 

1. External overload protection. 

2. Control circuit fuse. 

3. Power terminal block. 

 

M. Vibration Control:  Direct isolation (no base) and the following vibration isolators as 

referenced in Chapter 42 of the 1991 ASHRAE "Handbook--Heating, Ventilating, and 

Air-Conditioning Applications": 

1. Vibration Isolators:  Rubber mounts (Type 2) suitable for exterior installation, 

minimum deflection of 0.25 inch. 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine areas to receive chillers for compliance with installation tolerances and other 

conditions affecting chiller performance.  Examine proposed route of moving chillers into 

place and verify that it is free of interferences.  Verify piping rough-in locations.  Verify 

branch circuit wiring suitability.  Do not proceed with installation until unsatisfactory 

conditions have been corrected. 

 

B. Final locations of the chillers on the Drawings are approximate, unless dimensioned.  

Determine exact locations before roughing-in piping and electrical work. 
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3.2 INSTALLATION 

 

A. Install and anchor chillers plumb and level. 

 

B. Install vibration isolators according to isolator manufacturer's recommendations. 

 

C. Insulate cooler, suction lines, and other surfaces where condensation might occur. 

 

D. Maintain manufacturer's recommended clearances for service and maintenance. 

 

E. Install piping connections, maintaining clearances for service and maintenance. 

 

F. Install flanged or union connections at chillers. 

 

G. Install flexible pipe connections for chillers mounted on vibration isolators. 

 

H. Install shutoff valves at chiller inlet and outlet connections. 

 

I. Electrical Wiring:  Install electrical devices furnished loose by manufacturer, including 

remote flow switches and remote chiller control panel.  Furnish copy of manufacturer's 

wiring diagram submittal to electrical Installer. 

 

3.3 FIELD QUALITY CONTROL 

 

A. Manufacturer's Field Service:  Provide services of a factory-authorized service 

representative to supervise the field assembly of components and installation of chillers, 

including piping and electrical connections, and to report results in writing. 

 

3.4 CLEANING 

 

A. Clean units using materials and methods recommended by manufacturer. 

 

B. Clean finishes to remove dust and dirt. 

 

C. Touch up scratches on unfinished surfaces to restore corrosion resistance. 

 

D. Touch up scratches on finished surfaces to restore finish. 

 

3.5 DEMONSTRATION 

 

A. Startup Services:  Provide factory-authorized service representative to start chillers and to 

demonstrate and train Owner's maintenance personnel as specified below. 

1. Test and adjust chiller controls and safeties.  Lubricate rotating parts.  Verify that 

motor amperage conforms to manufacturer's data. 

2. Start chiller and verify performance.  Demonstrate operation to Owner. 

3. Train Owner's maintenance personnel on procedures and schedules for startup, 

shutdown, troubleshooting, servicing, and preventive maintenance. 

4. Review data in operating and maintenance manuals. 

5. Schedule training with Owner through the Design Professional with at least 7 

days' notice. 
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3.6 COMMISSIONING 

 

A. Operate equipment controls and safeties. 

 

B. Lubricate rotating parts. 

 

C. Verify that motor amperage complies with manufacturer's data. 

 

 

END OF SECTION 15683 
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SECTION 15790 

AIR COILS 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes the following: 

1. Chilled-water air coils. 

 

1.3 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product data including rated capacities of selected models, pressure drop, weights 

(shipping, installed, and operating), installation instructions, and startup instructions. 

 

C. Shop drawings detailing fabrication and installation of air coils, including plans, 

elevations, sections, details of components, and attachments to other units of Work.  

Detail connections to piping and electrical wiring.  Indicate dimensions, weight 

loadings, weight distribution, and clearances required. 

 

D. Coordination drawings for reflected ceiling plans and sections drawn accurately to 

scale.  Submit with shop drawings.  Show coil layout and relationships between 

components and adjacent structural and mechanical elements.  Show support 

locations, type of support, and weight on each support.  Indicate and certify field 

measurements. 

 

E. Wiring diagrams detailing electrical connections to duct heaters for wiring for power, 

signal, and control systems, differentiating clearly between manufacturer-installed 

wiring and field-installed wiring. 

 

F. Qualification data for firms and persons specified in the "Quality Assurance" Article 

to demonstrate their capabilities and experience.  Include lists of completed projects 

with project names and addresses, names and addresses of Design Professionals and 

owners, and other information specified. 

 

G. Field test reports from a qualified independent testing agency indicating and 

interpreting test results relative to compliance with specified performance 

requirements. 

 

H. Maintenance data for air coils to include in the operation and maintenance manual. 

 

1.4 QUALITY ASSURANCE 

 

A. Manufacturer Qualifications:  Firm experienced in manufacturing air coils and duct 

heaters similar to those indicated for this Project and that have a record of successful 

in-service performance. 



 

Air Coils 15790-2 17040 

B. Comply with NFPA 70 "National Electrical Code" for components and installation. 

 

C. Listing and Labeling:  Provide products specified in this Section that are listed and 

labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical 

Code, Article 100. 

 

D. Single-Source Responsibility:  Obtain air coil components from one source and by a 

single manufacturer. 

 

1.5 COORDINATION 

 

A. Coordinate layout and installation of air coils with duct, insulation, and with other 

installations.  Revise locations and elevations from those indicated as required to suit 

field conditions, and as approved by the Design Professional. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

the following: 

1. Hot-Water, Chilled-Water and Steam Coils: 

a. Aerofin Corporation. 

b. Carrier Corporation. 

c. Coil Master Corp. 

d. Daiken 

e. United Electric Company; Magic-Aire Div. 

f. USA Coil and Air, Inc. 

g. Trane Co. 

 

2.2 CHILLED-WATER COILS 

 

A. Description:  Cleanable coil fabricated to ARI 410. 

 

B. Piping Connections:  Threaded, on same side. 

 

C. Tubes:  Copper, with copper fins spaced no closer than 0.1 inch, in galvanized-steel 

channel frame. 

1. Fin and Tube Joint:  Silver brazed. 

 

D. Drain Pan:  Insulated, stainless steel conforming to ASTM A 525, G 90. 

 

E. Gutter:  Stainless steel conforming to ASTM A 525, G 90. 

 

F. Accessory:  Moisture eliminator. 

 

G. Ratings:  Coils design tested and rated according to ASHRAE 33. 

 

H. Source Quality Control:  Leak test to 400 psig under water. 
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PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine ducts, plenums, and units to receive air coils for compliance with 

requirements for installation tolerances and other conditions affecting performance of 

the air coils.  Verify piping rough-in dimensions.  Do not proceed with installation 

until unsatisfactory conditions have been corrected. 

 

3.2 INSTALLATION 

 

A. Install air coils and duct heaters as indicated, level and plumb, and according to 

manufacturer's written instructions, rough-in drawings, the original design, and 

referenced standards. 

 

B. Install air coils and duct heaters in metal ducts and casings constructed according to 

SMACNA "HVAC Duct Construction Standards." 

 

C. Anchor air coils in position using suitable supports. 

 

D. Install piping connections, maintaining manufacturer's recommended clearances for 

service and maintenance of coils. 

 

E. Install moisture eliminators as indicated. 

 

F. Install shutoff valves at coil inlet and outlet connections. 

 

G. Install galvanized-steel drain pan under each chilled-water coil. 

1. Install galvanized-steel gutter underneath each coil above the lowest coil in 

stacked assemblies. 

2. Construct drain pans to extend beyond coil length and width.  Provide 

condensate trap and drainage. 

 

3.3 ADJUSTING 

 

A. Comb bent fins on each air coil. 

 

3.4 CLEANING 

 

A. After completing system installation, including duct and fittings, clean coils using 

materials and methods recommended by manufacturers, and clean inside of casings 

and enclosures to remove dust and debris. 

 

END OF SECTION 15790 
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SECTION 15854 

CENTRAL-STATION AIR-HANDLING UNITS 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes central-station air-handling units with coils, fans, filter racks and 

accessories. 

 

B. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 15 Section "Vibration Control" for inertia bases, isolation bases, and 

vibration isolation hangers and supports. 

2. Division 15 Section "Mechanical Insulation" for field-applied equipment 

insulation. 

3. Division 16 Sections for field-installed disconnect switches. 

4. Division 15 Section "Motor Controllers" for field-mounted alternating-current 

starters. 

5. Division 15 Section AMotors@ for air-handling unit motors. 

 

1.3 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product Data for each central-station air-handling unit specified, including 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 and electrical characteristics plus motor and fan accessories. 

5. Material gages and finishes. 

6. Filters with performance characteristics. 

 

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating 

dimensions, weights, loadings, required clearances, method of field assembly, 

components, and location and size of each field connection. 

 

D. Wiring diagrams detailing wiring for power and control systems and differentiating 

between manufacturer-installed and field-installed wiring. 

 

E. Field test reports indicating and interpreting test results relative to compliance with 

specified requirements. 

 

F. Maintenance data for central-station air-handling units to include in the operation and 

maintenance manual. 
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1.4 QUALITY ASSURANCE 

 

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 

fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning 

and Ventilating Systems." 

 

B. ARI Certification:  Central-station air-handling units and their components shall be factory 

tested according to the applicable portions of ARI 430, "Central-Station Air-Handling 

Units," and shall be listed and bear the label of the Air-Conditioning and Refrigeration 

Institute (ARI). 

 

C. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 

listed and labeled by UL and comply with applicable NEMA standards. 

 

D. Comply with NFPA 70 for components and installation. 

 

E. ETL Listing:  Each unit shall be ETL listed and labeled. 

 

F. Listing and Labeling:  Provide electrically operated components specified in this Section 

that are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, 

Article 100. 

 

G. Coordination:  Coordinate layout and installation of central-station air-handling units with 

piping and ductwork and with other installations. 

 

H. Testing:  Each unit shall be test run and thoroughly cleaned at the factory prior to 

shipping.  Airflow test measurements shall be made in accordance with AMCA Standard 

203. 

 

I. External static on the air handling unit shall be defined as the static pressure drop external 

to the unit cabinet.  Internal pressure drop shall include the summation of all internal 

components and cabinet pressure losses.  All filters internal to the unit shall be included in 

the internal pressure drop calculation based on the change-out pressure drops listed below: 

Efficiency  Pressure Drop 

  20-30%  0.5" WG 

  40-90%  1.0" WG 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

A. Deliver air-handling unit as a factory-assembled module with protective crating and 

covering. 

 

B. Lift and support units with manufacturer's designated lifting or supporting points. 

 

1.6 SEQUENCING AND SCHEDULING 

 

A. Coordinate size and location of concrete housekeeping bases. 

 

B. Coordinate piping, duct and electrical connections. 
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C. Coordinate size and location of structural-steel support members with unit shop drawings 

to insure proper support and orientation. 

 

1.7 EXTRA MATERIALS 

  

A. Furnish extra materials described below that match products installed, are packaged with 

protective covering for storage, and are identified with labels describing contents. 

 

B. Filters:  Furnish 3 extra sets for each central-station air-handling unit.  Spare sets include 

both prefilter and final filter banks. 

 

C. Fan Belts:  Furnish 1 set for each central-station air-handling unit fan. 

 

D. Gaskets:  Furnish 1 for each sectional joint of each central-station air-handling unit. 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

following: 

1. Carrier Corp.; Carrier Air Conditioning Div. 

2. Johnson Controls, Inc. 

3. McQuay Commercial Products Group. 

4. Trane Company (The); Commercial Systems Group. 

5. Temtrol 

6. Seasons 4 

 

2.2 MANUFACTURED UNITS 

 

A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, 

coils, damper, plenums, filters, drain pans, humidifier dispersion tubes and mixing 

dampers. 

 

B. Motor and Electrical Components:  Refer to Division 15 Section "Motors." 

 

2.3 CABINET 

 

A. Unit casing (wall/floor/pressure bulkhead roof panels and doors) shall be able to withstand 

up to 1.5 times design static pressure up to 8 inches w.g. in all positive pressure sections 

and -8 inches w.g. in all negative pressure sections, whichever is less, and shall not exceed 

0.0042 inches per inch of panel span (L/240). 

 

B. Floor panels shall be doubled-wall construction and designed to support a 300-lb. load 

during maintenance activities and shall deflect no more than 0.0042 inches per inch of 

panel span. 

 

C. Unit casing panels shall be 2-inch double-wall construction with solid galvanized exterior 

and solid galvanized or stainless steel interior to facilitate cleaning of unit interior. 
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D. Insulation:  Coated, glass-fiber insulation, complying with NFPA 90A, "Installation of Air 

Conditioning and Ventilating Systems," for insulation. 

1. Floor of unit shall be insulated with minimum of two (2) inch/1.5 pound 

fiberglass insulation or equivalent closed cell foam insulation. 

2. The entire unit shall be insulated with two (2) inch/1.5 pound fiberglass insulation 

or equivalent closed-cell foam insulation.  Structural members shall be insulated 

similar to the panels. 

3. Interior surfaces of insulation shall be completely covered with sheet metal. 

 

E. Access Doors:  Same materials and finishes as cabinet and complete with hinges, latches, 

handles, and gaskets.  Double wall construction with stainless steel hinges, perimeter 

gasket, and door closures. 

1. Fan section shall have inspection and access doors sized and located to allow 

periodic maintenance and inspections.   Other doors shall be as shown on the 

drawings.  Fan section door shall be fitted with vision panel. 

 

F. Drain Pans:  Formed sections of stainless steel sheet.  Fabricate pans in sizes and shapes to 

collect condensate from cooling coils (including coil piping connections and return bends) 

and humidifiers when units are operating at maximum catalogued face velocity across 

cooling coil.   Pan shall be sloped for positive drainage to one outlet. 

1. Double-Wall Construction:  Fill space between walls with foam insulation and 

seal moisture tight. 

2. Drain Connections:  Single point. 

3. Units with stacked coils shall have an intermediate stainless steel drain pan or 

drain trough to collect condensate from top coil. 

 

G. Lights:  Vapor proof movie type light fixture in each accessible section.  Furnish 

exterior light switch for each fixture. 

 

H. Convenience Outlet: Provide 15 amp GFCI receptacle in weatherproof enclosure or 

exterior of unit. 

 

 

2.4 FAN SECTION 

 

A. Fan Section Construction:  Belt-driven centrifugal fans, consisting of housing, wheel, fan 

shaft, bearings, motor and disconnect switch, drive assembly, and support structure, 

equipped with formed-steel channel base for integral mounting of fan, motor, and casing 

panels.  Mount fan scroll, wheel, shaft, bearings, and motor on structural-steel frame, with 

frame mounted on base with spring-type vibration isolation. 

 

B. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll 

housings with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow 

entry to internal parts and components. 

 

C. Fan:  Statically and dynamically balanced and designed for continuous operation at 

maximum rated fan speed and motor power.  Fan wheel shall be double-width, double-

inlet type (except plug fan) with forward-curved blades or backward-curved airfoil blades 

as indicated. 

1. Airfoil Wheel:  Steel; with smooth, curved inlet flange; back plate; die-formed, 

hollow, airfoil blades; and cast-iron or cast-steel hub. 
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2. Shafts:  Hot-rolled steel; turned, ground, and polished, and having keyway to 

secure to fan wheel hub. 

3. Shaft Bearings:  Pre-lubricated and sealed, self-aligning, pillow-block-type ball or 

roller bearings with the following: 

a. Rated Bearing Life:  ABMA 9 or ABMA 11, L-10 of 100,000 hours. 

4. Belt Drives:  Factory mounted, with final alignment and belt adjustment made 

after installation. 

a. Service Factor Based on Fan Motor:  1.5. 

5. Pulleys:  Cast iron or steel with split, tapered bushing, dynamically balanced at 

factory. 

6. Motor Pulleys:  Adjustable pitch, selected so pitch adjustment is at middle of 

adjustment range at fan design conditions. 

7. Belts:  Oil resistant, non-sparking, and non-static; matched for multiple belt 

drives. 

8. Motor Mount:  Adjustable for belt tensioning.  (Fixed for 25 HP and above.) 

9. Vibration Control:  Install fans on open-spring vibration isolators, minimum 1-

inch static deflection, with side snubbers. 

10. Balancing:  Impeller shall be dynamically balanced to ISO 1940 G6.3. 

11. Furnish airflow sensing elements in the inlet cones of all fans.  Airflow sensing 

elements are specified under Division 15 “Controls Systems Equipment.” 

 

D. Fan-Section Source Quality Control:  The following factory tests are required. 

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 above 90% of nameplate rating. 

 

D. Service Factor:  1.15 for polyphase motors and 1.35 for single-phase motors. 

 

E. Motor Construction:  NEMA MG-1, general purpose, continuous duty, Design B. 

1. Bases:  Adjustable under 25 HP; Fixed for 25 HP and above. 

 

F. Bearings:  The following features are required: 

1. Ball or roller bearings with inner and outer shaft seals. 

2. Grease lubricated. 

3. Designed to resist thrust loading where belt drives or other drives produce lateral 

or axial thrust in motor. 
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G. Enclosure Type:  The following features are required: 

1. Open dripproof motors where satisfactorily housed or remotely located during 

operation. 

2. Guarded dripproof motors where exposed to contact by employees or building 

occupants. 

 

H. Overload Protection:  Built-in, automatic reset, thermal overload protection. 

 

I. Noise Rating:  Quiet. 

 

J. 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. 

 

K. Nameplate:  Indicate full identification of manufacturer, ratings, characteristics, 

construction, and special features. 

 

2.6 COILS 

 

A. Coil Sections:  Common or individual, insulated, stainless steel casings for heating and 

cooling coils.  Design and construct to facilitate removal and replacement of coil for 

maintenance and to assure full airflow through coils. 

 

B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage. 

1. Fins:  Aluminum, mechanically bonded to tubes. 

2. Tubes:  Seamless copper, 5/8" minimum tubing with .025" minimum wall. 

3. Coil Casing: Stainless steel. 

4. Headers for Steam and Water Coils:  Steel, cast iron, or copper with connections 

for drain valve and air vent, and threaded piping connections. 

5. Coils shall be leak tested at 150 psig. 

6. Chilled water cooling coils shall be sized such that the face velocity does not 

exceed 550 feet per minute (fpm.) 

 

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes 

and with return headers in larger sizes. 

 

2.7 FILTER SECTION 

 

A. Filters:  Comply with NFPA 90A. 

 

B. Prefilter Section:  Provide 16 ga. galvanized steel filter media holding frames arranged for 

flat or angular orientation with filter removal from the entering air side of the frame.  Filter 

shall be 2" deep. 

 

C. Disposable Filters:  2-inch-thick, pleated media in fiberboard cell with metal wire media 

support, clean airflow resistance of 0.10 inch wg at face velocity of 300 fpm and 

ASHRAE 52.1 filter-arrestance efficiency of 30 percent. 

 

D. Filter Gauge:  Each filter bank shall be fitted with diaphragm type filter gauge with 3-1/2" 

face, tubing, gauge cocks, static pressure tips and a 0-2" range. 
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PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine areas and conditions to receive equipment, for compliance with installation 

tolerances and other conditions affecting performance of central-station air-handling units. 

 

B. Examine roughing-in of steam, hydronic, condensate drainage piping, and electrical to 

verify actual locations of connections before installation. 

 

C. Do not proceed with installation until unsatisfactory conditions have been corrected. 

 

3.2 INSTALLATION 

 

A. Install central-station air-handling units level and plumb, according to manufacturer's 

written instructions. Refer to drawings and Division 15 section “Vibration Isolation” for 

additional support and vibration isolation requirements. 

 

B. Arrange installation of units to provide access space around air-handling units for service 

and maintenance. 

 

3.3 HOUSEKEEPING BASES 

 

A. Coordinate size of housekeeping bases with actual unit sizes provided.  Construct base 4 

inches larger in both directions than overall dimensions of supported unit. 

 

B. Form concrete bases with framing lumber with form-release compounds.  Chamfer top 

edge and corners of base. 

 

C. Install reinforcing wire mesh in slab. 

 

D. Place concrete and allow to cure before installing units.  Use portland cement conforming 

to ASTM C 150, 3000-psig compressive strength, and normal-weight aggregate. 

 

3.4 CONNECTIONS 

 

A. Piping installation requirements are specified in other Division 15 Sections.  The 

Drawings indicate the general arrangement of piping, fittings, and specialties.  The 

following are specific connection requirements: 

1. Install piping adjacent to machine to allow service and maintenance. 

2. Connect piping to air-handling units with flexible connectors. 

3. Connect condensate drain pans using Type L copper tubing full size of unit 

connection.  Extend to nearest drain as indicated on the drawings.  Construct deep 

trap at connection to drain pan and install cleanouts at changes in direction. 

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of 

Division 15 Section "Hydronic Piping."  Connect to supply and return coil 

tappings with shutoff valves, balancing valve and union or flange at each 

connection. 
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B. Duct installation and connection requirements are specified in other Division 15 Sections. 

The Drawings indicate the general arrangement of ducts and duct accessories.  Make final 

duct connections with flexible connections. 

 

C. Electrical:  Conform to applicable requirements of Division 16 Sections. 

1. Connect fan motors to wiring systems and to ground.  Tighten electrical 

connectors and terminals according to manufacturer's published torque-tightening 

values.  Where manufacturer's torque values are not indicated, use those specified 

in UL 486A and UL 486B. 

2. Temperature control wiring and interlock wiring is specified in Division 15 

Section "Control Systems Equipment." 

 

3.5 CLEANING 

 

A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 

debris, and repair damaged finishes including chips, scratches, and abrasions. 

 

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum 

clean fan wheels, cabinets, and coils entering air face. 

 

3.6 COMMISSIONING 

 

A. Manufacturer's Field Inspection:  Engage a factory-authorized service representative to 

perform the following: 

1. Inspect field assembly of components and installation of central-station air-

handling units including piping, ductwork, and electrical connections. 

2. Prepare a written report on findings and recommended corrective actions. 

 

B. Final Checks before Startup:  Perform the following before startup: 

1. Verify that shipping, blocking, and bracing are removed. 

2. Verify that unit is secure on mountings and supporting devices and that 

connections for piping, ductwork, and electrical are complete.  Verify that proper 

thermal overload protection is installed in motors, starters, and disconnects. 

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 bearings 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-air 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 ductwork systems are in fully open position. 

 

C. Starting procedures for central-station air-handling units include the following: 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  

Adjust fan to indicated rpm. 

a. Replace fan and motor pulleys as required to achieve design conditions. 
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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 air-handling system 

testing, adjusting, and balancing. 

 

3.7 DEMONSTRATION 

 

A. Engage the services of a factory-authorized service representative to train Owner's 

maintenance personnel on procedures and schedules related to startup and shutdown, 

troubleshooting, servicing, and preventive maintenance. 

1. Review data in the operation and maintenance manuals. 

2. Schedule training with Owner, through the Design Professional, with at least 7 

days' advance notice. 

 

 

END OF SECTION 15854 
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SECTION 15891 

METAL DUCTWORK 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes rectangular and round metal ducts and plenums for heating, 

ventilating, and air conditioning systems in pressure classes from minus 4 inches to plus 

10 inches water gage. 

 

B. Related Sections:  The following sections contain requirements that relate to this Section: 

1. Division 15 Section "Mechanical Insulation" for external duct and plenum 

insulation. 

2. Division 15 Section "Duct Accessories" for flexible duct materials, dampers, 

duct-mounted access panels and doors, and turning vanes. 

3. Division 15 Section "Control Systems Equipment" for automatic volume control 

dampers and operators. 

4. Division 15 Section "Testing, Adjusting, and Balancing." 

 

1.3 DEFINITIONS 

 

A. Sealing Requirements Definitions:  For the purposes of duct systems sealing requirements 

specified in this Section, the following definitions apply: 

1. Seams:  A seam is defined as joining of two longitudinally (in the direction of 

airflow) oriented edges of duct surface material occurring between two joints.  All 

other duct surface connections made on the perimeter are deemed to be joints. 

2. Joints:  Joints include girth joints; branch and subbranch intersections; so-called 

duct collar tap-ins; fitting subsections; louver and air terminal connections to 

ducts; access door and access panel frames and jambs; duct, plenum, and casing 

abutments to building structures. 

 

1.4 SYSTEM PERFORMANCE REQUIREMENTS 

 

A. The duct system design, as indicated, has been used to select and size air moving and 

distribution equipment and other components of the air system.  Changes or alterations to 

the layout or configuration of the duct system must be specifically approved in writing.  

Accompany requests for layout modifications with calculations showing that the proposed 

layout will provide the original design results without increasing the system total pressure. 

 

1.5 SUBMITTALS 

 

A. General:  Submit the following in accordance with Conditions of Contract. 
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B. Product data including details of construction relative to materials, dimensions of 

individual components, profiles, and finishes for the following items: 

1. Duct Liner. 

2. Sealing Materials. 

 

C. Maintenance data for volume control devices, fire dampers, and smoke dampers. 

 

1.6 QUALITY ASSURANCE 

 

A. Qualify welding processes and welding operators in accordance with AWS D1.1 

"Structural Welding Code - Steel" for hangers and supports and AWS D9.1 "Sheet Metal 

Welding Code." 

 

B. Qualify each welder in accordance with AWS qualification tests for welding processes 

involved.  Certify that their qualification is current. 

 

C. NFPA Compliance:  Comply with the following NFPA Standards: 

1. NFPA 90A, "Standard for the Installation of Air Conditioning and Ventilating 

Systems," except as indicated otherwise. 

 

1.7 DELIVERY, STORAGE, AND HANDLING 

 

A. Deliver sealant and fire-stopping materials to site in original unopened containers or 

bundles with labels informing about manufacturer, product name and designation, color, 

expiration period for use, pot life, curing time, and mixing instructions for multi-

component materials. 

 

B. Store and handle sealant materials in compliance with manufacturers' recommendations to 

prevent their deterioration or damage due to moisture, high or low temperatures, 

contaminants, or other causes. 

 

C. Deliver and store stainless steel sheets with mill-applied adhesive protective paper, 

maintained through fabrication and installation. 

 

 

PART 2 - PRODUCTS 

 

2.1 SHEET METAL MATERIALS 

 

A. Sheet Metal, General:  Provide sheet metal in thicknesses indicated, packaged and marked 

as specified in ASTM A 700. 

 

B. Galvanized Sheet Steel:  Lock-forming quality, ASTM A 527, Coating Designation G 90. 

 Provide mill phosphatized finish for exposed surfaces of ducts exposed to view. 

 

C. Reinforcement Shapes and Plates:  Unless otherwise indicated, provide galvanized steel 

reinforcing where installed on galvanized sheet metal ducts.  For aluminum and stainless 

steel ducts provide reinforcing of compatible materials. 

 

D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for 36-inch length or less; 3/8-

inch minimum diameter for lengths longer than 36 inches. 
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2.2 DUCT LINER 

 

A. General:  Comply with NFPA Standard 90A. 

 

B. Materials:  ASTM C 1071, Type II, with coated surface exposed to airstream to prevent 

erosion of glass fibers. 

1. Thickness:  1 inch. 

2. Density:  1-1/2 pounds. 

3. Thermal Performance:  "K-Factor" equal to 0.28 or better, at a mean temperature 

of 75 deg F. 

4. Fire Hazard Classification:  Flame spread rating of not more than 25 without 

evidence of continued progressive combustion and a smoke developed rating of 

no higher than 50, when tested in accordance with ASTM C 411. 

5. Liner Adhesive:  Comply with NFPA Standard 90A and ASTM C 916. 

6. Mechanical Fasteners:  Galvanized steel, suitable for adhesive attachment, 

mechanical attachment, or welding attachment to duct.  Provide fasteners that do 

not damage the liner when applied as recommended by the manufacturer, that do 

not cause leakage in the duct, and will indefinitely sustain a 50-pound tensile dead 

load test perpendicular to the duct wall. 

a. Fastener Pin Length:  As required for thickness of insulation, and without 

projecting more than 1/8 inch into the airstream. 

b. Adhesive For Attachment of Mechanical Fasteners:  Comply with the 

"Fire Hazard Classification" of duct liner system. 

 

2.3 SEALING MATERIALS 

 

A. Water-Based Joint and Seam Sealant: Flexible, adhesive sealant, resistant to UV light 

when cured, UL 723 listed, and complying with NFPA requirements for class 1 ducts. 

 

B. Joint and Seam Sealant:  One-part, nonsag, solvent-release-curing, polymerized butyl 

sealant complying with FS TT-S-001657, Type I; formulated with a minimum of 75 

percent solids. 

 

C. Flanged Joint Mastics:  One-part, acid-curing, silicone elastomeric joint sealants, 

complying with ASTM C 920, Type S, Grade NS, Class 25, Use O. 

 

2.4 RECTANGULAR DUCT FABRICATION 

 

A. General:  Except as otherwise indicated, fabricate rectangular ducts with galvanized sheet 

steel, in accordance with SMACNA "HVAC Duct Construction Standards," Tables 1-3 

through 1-19, including their associated details.  Conform to the requirements in the 

referenced standard for metal thickness, reinforcing types and intervals, tie rod 

applications, and joint types and intervals. 

1. Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity 

class required for pressure classification. 

2. Provide materials that are free from visual imperfections such as pitting, seam 

marks, roller marks, stains, and discolorations. 

3. Square throat, round heel elbows shall not be used. 
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2.5 STATIC PRESSURE CLASSIFICATION 

 

A. Static Pressure Classifications:  Except where otherwise indicated, construct duct systems 

to the following pressure classifications: 

1. Low Pressure Supply Ducts:  1 inch water gage. 

2. Spiral Medium Pressure Supply Ducts (VAV):  10 inches water gage. 

3. Rectangular Medium Pressure Supply Ducts (VAV): 6 inches water gage. 

4. Return Ducts:  1 inch water gage, negative pressure. 

5. Low Pressure Exhaust Ducts:  1 inch water gage, negative pressure. 

6. Medium Pressure Exhaust Ducts:  4 inches water gage, negative pressure 

 

B. Cross-breaking or Cross Beading:  Cross-break or bead duct sides that are 19 inches and 

larger and are 20 gage or less, with more than 10 sq. ft. of unbraced panel area, as 

indicated in SMACNA "HVAC Duct Construction Standard," Figure 1-4, unless they are 

lined or are externally insulated. 

 

2.6 RECTANGULAR DUCT FITTINGS 

 

A. Fabricate elbows, transitions, offsets, branch connections, and other duct construction in 

accordance with SMACNA "HVAC Metal Duct Construction Standard," 1995 Edition, 

Figures 2-1 through 2-10. 

 

2.7 SHOP APPLICATION OF LINER IN RECTANGULAR DUCTS 

 

A. Adhere a single layer of indicated thickness of duct liner with 90 percent coverage of 

adhesive at liner contact surface area.  Multiple layers of insulation to achieve indicated 

thickness is prohibited. 

 

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

 

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

 

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

overlapping. 

 

E. Longitudinal joints in rectangular ducts shall not occur except at corners of ducts, unless 

the size of the duct and standard liner product dimensions make longitudinal joints 

necessary. 

 

F. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 

exceeding 12 inches transversely around perimeter; at 3 inches from transverse joints and 

at intervals not exceeding 18 inches longitudinally. 

 

G. Secure transversely oriented liner edges facing the airstream with metal nosings that are 

either channel or "Z" profile or are integrally formed from the duct wall at the following 

locations: 

1. Fan discharge. 

2. Intervals of lined duct preceding unlined duct. 

3. Upstream edges of transverse joints in ducts. 

 



Metal Ductwork 15891-5 17040 

H. Terminate liner with duct buildouts installed in ducts to attach dampers, turning vane 

assemblies, and other devices.  Fabricated buildouts (metal hat sections) or other buildout 

means are optional; when used, secure buildouts to the duct wall with bolts, screws, rivets, 

or welds.  Terminate liner at fire dampers at connection to fire damper sleeve through fire 

separation. 

 

I. Perforated Inner Liner: Construct inner liners with perforated 28 gauge sheet metal. 

Provide 3/32-inch diameter perforations with an overall open area of 23 percent. 

 

 

PART 3 - EXECUTION 

 

3.1 DUCT INSTALLATION, GENERAL 

 

A. Duct System Pressure Class:  Construct and install each duct system for the specific duct 

pressure classification indicated. 

 

B. Install ducts with the fewest possible joints. 

 

C. Use fabricated fittings for all changes in directions, changes in size and shape, and 

connections. 

 

D. Install couplings tight to duct wall surface with projections into duct at connections kept to 

a minimum. 

 

E. Locate ducts, except as otherwise indicated, vertically and horizontally, parallel and 

perpendicular to building lines; avoid diagonal runs.  Install duct systems in shortest route 

that does not obstruct useable space or block access for servicing building and its 

equipment. 

 

F. Install ducts close to walls, overhead construction, columns, and other structural and 

permanent enclosure elements of building. 

 

G. Provide clearance of 1 inch where furring is shown for enclosure or concealment of ducts, 

plus allowance for insulation thickness, if any. 

 

H. Install insulated ducts with 1-inch clearance outside of insulation. 

 

I. Conceal ducts from view in finished and occupied spaces by locating in mechanical shafts, 

hollow wall construction, or above suspended ceilings.  Do not encase horizontal runs in 

solid partitions, except as specifically shown. 

 

J. Coordinate layout with suspended ceiling and lighting layouts and similar finished work. 

 

K. Electrical Equipment Spaces:  Route ductwork to avoid passing through transformer vaults 

and electrical equipment spaces and enclosures. 

 

L. Non-Fire-Rated Partition Penetrations:  Where ducts pass interior partitions and exterior 

walls, and are exposed to view, conceal space between construction opening and duct or 

duct insulation with sheet metal flanges of same gage as duct.  Overlap opening on 4 sides 

by at least 1-1/2 inches. 
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M. Low pressure supply duct takeoffs shall be equivalent to Crown 306 or equal by 

Flexmaster or United McGill.  Medium pressure takeoffs shall be conical type. 

 

N. Low pressure round duct runouts to supply diffusers may be "snap-lock" duct meeting the 

pressure classification. 

 

O. Exposed round duct shall be medium pressure spiral duct with mill-phosphatized 

treatment.  Prime and paint - color selected by the Design Professional. 

 

3.2 SEAM AND JOINT SEALING 

 

A. General:  Seal duct seams and joints as follows: 

1. Conditioned Spaces: 

a. Supply duct pressure classification 2-inches water gage and greater and 

exhaust ducts: All transverse joints and longitudinal seams. 

b. Supply duct pressure classification less than 2-inches water gage and all 

return duct: All transverse joints and longitudinal seams  

c. Return and Exhaust Duct:  All transverse joints and longitudinal seams. 

2. Unconditioned Spaces: 

a. Supply duct pressure classification 2-inches water gage and greater: All 

transverse joints, longitudinal seams, and duct wall penetrations. 

b. Supply duct pressure classification less than 2-inches water gage and all 

return duct: All transverse joints, and longitudinal seams. 

c. Return and Exhaust Duct: All transverse joints. 

3. Outdoor Spaces: 

a. All supply and return duct: All transverse joints, longitudinal seams, and 

duct wall penetrations. 

b. Exhaust Duct: All transverse joints. 

 

B. Solvent based sealant shall only be used in applications  where freezing may occur before 

sealant is cured.  Water-based sealant shall be used in all other applications. 

 

C. Seal externally insulated ducts prior to insulation installation. 

 

D. All duct sealing shall be in accordance with ASHRAE standard 90.1. 

 

3.3 HANGING AND SUPPORTING 

 

A. Install rigid round, rectangular, and flat oval metal duct with support systems indicated in 

SMACNA "HVAC Duct Construction Standards," Chapter 5. 

 

B. Support horizontal ducts within 2 feet of each elbow and within 4 feet of each branch 

intersection. 

 

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

 

D. Upper attachments to structures shall have an allowable load not exceeding 1/4 of the 

failure (proof test) load but are not limited to the specific methods indicated. 

 

E. Install powder actuated concrete fasteners after concrete is placed and completely cured. 
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3.4 CONNECTIONS 

 

A. Equipment Connections:  Connect equipment with flexible connectors in accordance with 

Division 15 Section "Duct Accessories." 

 

3.5 FIELD QUALITY CONTROL 

 

A. Disassemble, reassemble, and seal segments of the systems as required to accommodate 

leakage testing, and as required for compliance with test requirements. 

 

B. All ductwork shall be approved by the Design Professional prior to the application of 

external insulation.  In the absence of such approval, smoke testing, pressure testing or 

other leakage testing of ductwork shall be required. 

 

C. Conduct duct pressure tests in the presence of the Design Professional after the testing has 

demonstrated that the duct system meets the stated leakage criteria.   

 

D. Determine leakage from entire medium pressure system or section of the system by 

relating leakage to the total system airflow capacity. 

 

E. The following systems shall be pressure tested in accordance with SMACNA's HVAC Air 

Duct Leakage Test Manual, and meet the stated criteria: 

1. Medium pressure supply ductwork:  test at 4.5 inches water column static 

pressure, with a maximum allowable leakage rate of 0.5%. 

2. Medium pressure exhaust ductwork:  test at 2.0 inches water column static 

pressure, with a maximum leakage of 1%. 

3. Low pressure return and exhaust ductwork:  test at 1.0 inches water column static 

pressure, with a maximum leakage of 1%. 

4. Low pressure return and exhaust ductwork:  test at 1.0 inches water column static 

pressure, with a maximum leakage of 1%. 

 

F. Do not pressurize systems above the maximum design operating pressure (static pressure 

classification.)  Give 7 days' advanced notice for testing. 

 

G. Remake leaking joints as required and apply sealants to achieve specified maximum 

allowable leakage.  Integrity of ductwork shall be approved by the Design Professional 

prior to application of insulation. 

 

3.6 ADJUSTING AND CLEANING 

 

A. Adjust volume control devices as required by the testing and balancing procedures to 

achieve required air flow.  Refer to Division 15 Section "TESTING, ADJUSTING, AND 

BALANCING" for requirements and procedures for adjusting and balancing air systems. 

 

B. Vacuum ducts systems prior to final acceptance to remove dust and debris. 

 

END OF SECTION 15891 
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SECTION 15910 

DUCT ACCESSORIES 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes the following: 

1. Manual volume control dampers. 

2. Fire and smoke dampers. 

3. Turning vanes. 

4. Duct-mounted access doors and panels. 

5. Flexible connectors. 

6. Accessories hardware. 

 

B. Related Sections:  The following Sections contain requirements that relate to this 

Section: 

1. Division 15 Section "Controls Systems Equipment" for HVAC control devices. 

 

1.3 SUBMITTALS 

 

A. General:  Submit the following in accordance with Conditions of Contract. 

 

B. Product data including details for materials, dimensions of individual components, 

profiles, and finishes for the following items: 

1. Manual volume control dampers. 

2. Fire and smoke dampers. 

3. Duct-mounted access panels and doors. 

 

C. Shop drawings from manufacturer detailing assemblies.  Include dimensions, weights, 

loadings, required clearances, method of field assembly, components, and location and 

size of each field connection.  Detail the following: 

1. Special fittings and volume control damper installation (both manual and 

automatic) details. 

2. Fire and smoke damper installations, including sleeves and duct-mounted access 

door and panel installations. 

 

D. Product Certification:  Submit certified test data on dynamic insertion loss; self-noise 

power levels; and airflow performance data, static pressure loss, and dimensions and 

weights. 

 

E. Maintenance data for volume control devices, fire dampers, and smoke dampers. 

 

1.4 QUALITY ASSURANCE 

 

A. NFPA Compliance:  Comply with the following NFPA Standards: 
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1. NFPA 90A, "Standard for the Installation of Air Conditioning and Ventilating 

Systems." 

2. NFPA 90B, "Standard for the Installation of Warm Air Heating and Air 

Conditioning Systems." 

 

 

PART 2 - PRODUCTS 

 

2.1 MANUAL VOLUME CONTROL DAMPERS 

 

A. General:  Provide factory-fabricated volume-control dampers, complete with required 

hardware and accessories.  Stiffen damper blades to provide stability under operating 

conditions.  Provide locking device to hold single-blade dampers in a fixed position 

without vibration.  Close duct penetrations for damper components to seal duct consistent 

with pressure class.  Provide end bearings or other seals for ducts with pressure 

classifications of 3 inches or higher.  Extend axles full length of damper blades.  Provide 

bearings at both ends of operating shaft. 

 

B. Standard Volume Control Dampers:  Multiple- or single-blade, parallel- or opposed-blade 

design as indicated, standard leakage rating, with linkage outside of air stream, and 

suitable for horizontal or vertical applications. 

 

C. Steel Frames:  Hat-shaped, galvanized-steel channels, minimum of 16 gage, and with 

mitered and welded corners.  Provide frames with flanges where indicated for attaching to 

walls.  Provide flangeless frames where indicated for installation in ducts. 

1. Roll-Formed Steel Blades:  16-gage galvanized steel. 

2. Blade Axles:  Galvanized steel. 

3. Tie Bars and Brackets:  Galvanized steel. 

 

D. Low-Leakage Volume Control Dampers:  Multiple- or single-blade, parallel- or opposed-

blade design as indicated, low-leakage rating, and suitable for horizontal or vertical 

applications.  Leakage shall be less than 10 cfm at 3.0 inches differential static pressure. 

1. Steel Frames:  Hat-shaped, galvanized-steel channels, minimum of 16 gage, and 

with mitered and welded corners.  Provide frames with flanges where indicated 

for attaching to walls.  Provide flangeless frames where indicated for installation 

in ducts. 

2. Roll-Formed Steel Blades:  16-gage galvanized steel. 

3. Blade Seals:  Neoprene. 

4. Blade Axles:  Galvanized steel. 

5. Tie Bars and Brackets:  Galvanized steel. 

 

E. Jackshaft:  1-inch-diameter, galvanized-steel pipe or 1/2" square galvanized bar stock 

rotating within a pipe bearing assembly mounted on supports at each mullion and at each 

end of multiple damper assemblies.  Provide appropriate length and number of mounting 

to connect linkage of each damper of a multiple damper assembly.  Cut groove in the end 

of the shaft parallel with damper blades. 

 

F. Damper Control Hardware:  Zinc-plated, die-cast core with a heavy-gage dial and handle 

made of 3/32-inch-thick zinc-plated steel, and a 3/4-inch hexagon locking nut.  Provide 

center hole to suit damper operating rod size.  Provide elevated platform for insulated duct 

mounting. 
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2.2 FIRE DAMPERS 

 

A. General:  UL labeled according to UL Standard 555 "Standard for Fire Dampers."  Ratings 

shall be for dynamic system operation at 350º temperature. 

1. Dampers used in low pressure systems shall be rated for 2000 fpm velocity and 4" 

wg pressure. 

2. Dampers used in medium pressure systems (VAV supply and medium pressure 

exhaust) shall be rated for 3000 fpm and 8" wg pressure. 

 

B. Fire Rating:  1-1/2 or 3 hours, as indicated by wall ratings on Architectural Plans. 

 

C. Frame:  Type B (blades outside airstream); fabricated with roll-formed, 21-gage, 

galvanized-steel; with mitered and interlocking corners.  Furnish multi-blade dampers 

where required by code. 

 

D. Mounting Sleeve:  Factory-installed or field-installed galvanized steel. 

1. Minimum Thickness:  0.056-inch (16-gage) or 0.138-inch (10-gage) thick as 

indicated, and length to suit application. 

2. Exception:  Furnish narrow frame damper without sleeve in applications where 

damper is mounted in rated partition behind supply/return register. 

 

E. Mounting Orientation:  Vertical or horizontal as indicated. 

 

F. Blades:  Roll-formed, interlocking, 21-gage galvanized steel.  In place of interlocking 

blades, provide full-length, 21-gage, galvanized-steel blade connectors. 

 

G. Fusible Link:  Replaceable, 165 deg F rated. 

 

2.3 SMOKE AND FIRE/SMOKE DAMPERS 

 

A. General:  UL-labeled according to UL Standard 555S, "Standard for Leakage Rated 

Dampers for Use in Smoke Control Systems."  Combination fire and smoke dampers shall 

also be UL-labeled for 1-1/2 hour rating according to UL Standard 555 "Standard for Fire 

Dampers with a Class II leakage rating."   Dampers shall be tested at a 350º air 

temperature. 

1. Dampers used in low pressure systems shall be rated for 2000 fpm velocity and 4" 

wg pressure. 

2. Dampers used in medium pressure systems (VAV supply and medium pressure 

exhaust) shall be rated for 3000 fpm and 8" wg pressure. 

 

B. Fusible Link:  Replaceable, 165 deg F rated as indicated (fire/smoke dampers only.) 

 

C. Frame and Blades:  16-gage galvanized steel. 

 

D. Mounting Sleeve:  Factory-installed, 18-gage galvanized steel, length to suit wall or floor 

application. 

 

E. Pneumatic (electric) actuator with end switch.  All actuators shall be factory mounted 

outside of the airstream. Furnish damper end switch for control interlocks 
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2.4 TURNING VANES 

 

A. Fabricate turning vanes according to SMACNA HVAC Duct Construction Standards, 

Figures 2-2 through 2-7. 

 

B. Manufactured Turning Vanes:  Fabricate of 1-1/2-inch-wide, curved blades set at 3/4 inch 

on center, support with bars perpendicular to blades set at 2 inches on center, and set into 

side strips suitable for mounting in ducts. 

 

C. Acoustic Turning Vanes:  Fabricate of airfoil-shaped aluminum extrusions with perforated 

faces and fiber glass fill. 

 

2.5 DUCT-MOUNTED ACCESS DOORS AND PANELS 

 

A. General:   Provide construction and airtightness suitable for duct pressure class. 

 

B. Frame:  Galvanized sheet steel.  Provide with bend-over tabs and foam gaskets. 

 

C. Door:  Double-wall, galvanized sheet metal construction with insulation fill and thickness, 

number of locks as indicated for duct pressure class.  Provide vision panel where 

indicated.  Provide cam latches. 

 

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber 

seals. 

 

E. Insulation:  1-inch-thick fiber glass or polystyrene foam board. 

 

2.6 FLEXIBLE CONNECTORS 

 

A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying 

with UL Standard 181, Class 1. 

 

B. Standard Metal-Edged Connectors:  Factory-fabricated with a strip of fabric 3-1/2 inches 

wide attached to 2 strips of 2-3/4-inch-wide, 24-gage, galvanized sheet steel or 0.032-inch 

aluminum sheets.  Select metal compatible with connected duct system.  Fold and crimp 

metal edge strips onto fabric as illustrated in SMACNA HVAC Duct Standard, 3
rd

 

Edition, Figure 7-8. 

 

C. Conventional, Indoor System Flexible Connectors Fabric:  Glass fabric double coated with 

polychloroprene. 

1. Minimum Weight:  26 oz./sq. yd. 

2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 

 

2.7 ACCESSORIES HARDWARE 

 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw 

cap and gasket and a flat mounting gasket.  Size to allow insertion of pitot tube and other 

testing instruments and provide in length to suit duct insulation thickness. 

 



Duct Accessories 15910-5 17040 

B. Splitter Damper Accessories:  Zinc-plated damper blade bracket, 1/4-inch, zinc-plated 

operating rod, and a duct-mounted, ball-joint bracket with flat rubber gasket and square-

head set screw. 

 

C. Flexible Duct Clamps:  Stainless steel band with cadmium-plated hex screw to tighten 

band with a worm-gear action.  Provide in sizes from 3 to 18 inches to suit duct size. 

 

D. Adhesives:  High strength, quick setting, neoprene based, waterproof and resistant to 

gasoline and grease. 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine areas and conditions for compliance with requirements for installation tolerances 

and other conditions affecting performance of duct accessories.  Do not proceed with 

installation until unsatisfactory conditions are corrected. 

 

3.2 INSTALLATION 

 

A. Install duct accessories according to manufacturer's installation instructions and applicable 

portions of details of construction as shown in SMACNA standards. 

 

B. Install volume control dampers in lined duct with methods to avoid damage to liner and to 

avoid erosion of duct liner. 

 

C. Provide test holes at fan inlet and outlet and elsewhere as indicated. 

 

D. Install fire and smoke dampers according to the manufacturer's UL-approved printed 

instructions. 

 

E. Install fusible links in fire dampers. 

 

3.3 ADJUSTING 

 

A. Adjust duct accessories for proper settings. 

 

B. Adjust fire and smoke dampers for proper action. 

 

C. Final positioning of manual dampers is specified in Division 15 Section "Testing, 

Adjusting, and Balancing." 

 

 

END OF SECTION 15910 
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SECTION 15975 

CONTROL SYSTEMS EQUIPMENT 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes control equipment for HVAC systems and components. 

 

B. Related Section:  Division 15 Section "Sequence of Operation" contains requirements that 

relate to this Section. 

 

1.3 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 multitasking, multiuser network and programmed to operate mechanical 

systems according to sequences of operation indicated or specified. 

 

B. The Facility Management System (FMS) shall be a Web based system communicating 

over the building owners Local Area Network (LAN).  Contractor shall be responsible for 

coordination with the owner's IT staff to ensure that the FMS will perform in the owner’s 

environment without disruption to any of the other activities taking place on that LAN. 

TCP/IP connections and addresses to be provided by the owner for connection of 

workstation and field panel nodes. 

 

C. The primary desktop and laptop interface will be via a standard Web Browser such as 

Internet Explorer, Chrome or Firefox. 

 

D. FMS contractor shall provide all control panels, power supplies, wiring, conduit, solenoid 

valves, relays, differential pressure transmitters, differential pressure switches, RTDS, 

pressure sensors, interface devices, etc. necessary for a complete and operable automatic 

control system and for communication through the Owner’s LAN. 

 

E. All digital controls shall interface with the existing Facility Management System (FMS). 

 

1.4 SUBMITTALS 

 

A. General:  Submit each item in this Article according to the Conditions of the Contract. 

 

B. Product Data for each type of product specified.  Include manufacturer's technical Product 

Data for each control device furnished, indicating dimensions, capacities, performance 

characteristics, electrical characteristics, finishes of materials, installation instructions, and 

startup instructions. 
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C. Where equipment, controllers or sensors furnished as a part of other mechanical 

equipment are to be interlocked or interfaced with the control system (FMS) furnished 

under this section, provide documentation from the equipment manufacturer or supplier 

indicating all wiring and software requirements have been coordinated and 

accommodated. Provide references in the FMS diagrams and operational sequences 

indicating these accommodations. 

 

D. Shop Drawings from manufacturer detailing equipment assemblies and indicating 

dimensions, weights, loadings, required clearances, method of field assembly, 

components, and location and size of each field connection.  Submit damper leakage and 

flow characteristics, plus size schedule for controlled dampers. 

 

E. Shop Drawings containing the following information for each control system: 

1. Schematic flow diagram showing fans, pumps, coils, dampers, valves, and control 

devices. 

2. Each control device labeled with setting or adjustable range of control. 

3. Diagrams for all required electrical wiring.  Clearly differentiate between factory-

installed and field-installed wiring. 

4. Details of control panel faces, including controls, instruments, and labeling. 

5. Written description of sequence of operation. 

6. Trunk cable schematic showing programmable control unit locations and trunk 

data conductors. 

7. Listing of connected data points, including connected control unit and input 

device. 

8. System graphics indicating monitored systems, data (connected and calculated) 

point addresses, and operator notations. 

9. System configuration showing peripheral devices, batteries, power supplies, 

diagrams, modems, and interconnections. 

10. Software description and sequence of operation. 

 

F. Wiring diagrams detailing wiring for power, signal, and control systems and 

differentiating clearly between manufacturer-installed and field-installed wiring.  Furnish 

wiring diagrams and coordination documentation for all controlled equipment furnished 

by other suppliers under Division 15. 

 

G. Maintenance data for control systems equipment to include in the operation and 

maintenance manual.  Include the following: 

1. Maintenance instructions and spare parts lists for each type of control device. 

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. 

6. Manufacturer’s literature for flow measurement systems. 

 

H. Field Test Reports:  Procedure and certification of pneumatic control piping system. 
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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. 

 

1.5 QUALITY ASSURANCE 

 

A. Installer Qualifications:  Engage an experienced Installer specializing in control system 

installations. 

 

B. Manufacturer Qualifications:  Engage a firm experienced in manufacturing control 

systems similar to those indicated for this Project and that have a record of successful in-

service performance. 

 

C. Startup Personnel Qualifications:  Engage specially trained personnel in direct employ of 

manufacturer of primary temperature control system. 

 

D. Comply with NFPA 90A. 

 

E. Comply with NFPA 70. 

 

F. Coordinate equipment selection with Division 16 Section covering Fire Alarm Systems to 

achieve compatibility with equipment that interfaces with that system. 

 

G. For web-based control systems, furnish additional password and access license to the 

Engineer for a period not less than 1-year from control system start-up. 

 

1.6 DELIVERY, STORAGE, AND HANDLING 

 

A. Store equipment and materials inside and protected from weather. 

 

B. Factory-Mounted Components:  Where control devices specified in this Section are 

indicated to be factory mounted on equipment, arrange for shipping control devices to unit 

manufacturer. 

 

PART 2 - PRODUCTS 

 

2.1 MANUFACTURERS 

 

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

following: 

1. Direct Digital Control (DDC) Systems and Components: 

a. Siemens Building Technologies 

2. Venturi-Type Water Flow Elements: 

a. Armstrong Pumps, Inc. 

b. BIF by Leeds & Northrup. 

c. Badger Meter, Inc. 

d. Barco Div., Marison Industries. 

e. Fischer & Porter Co. 

f. Gerand Engineering Co. 

g. Preso Industries, Ltd. 

h. Victaulic Company of America. 
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2.2 DIRECT DIGITAL CONTROL (DDC) EQUIPMENT: 

 

A. Overall Conceptual Description 

1. The FMS shall be designed entirely for use on intranets and internets.  All 

networking technology used at the Tier 1 level shall be off the shelf, industry 

standard technology fully compatible with other owner provided networks in the 

facility. 

2. All aspects of the user interface, whether to servers or to Tier 1 solid state devices, 

shall be via browsers (most recent revision of Netscape, Firefox or Microsoft 

Explorer). 

3. The user interface will be complete as described herein, providing complete tool 

sets, operational features, multi- panel displays, and other display features. 

 

B. General: 

1. The FMS shall consist of a number of Nodes and associated equipment connected 

by industry standard network practices.  All communication between Nodes shall 

be by digital means only. 

2. The FMS network shall at minimum comprise of the following: 

a. Operator PCs (Owner furnished) fixed or portable (minimum of five 

concurrent users). 

b. Network processing, data storage and communication equipment 

including file servers. 

c. Routers, bridges, switches, hubs, modems and like communications 

equipment. 

d. Active processing Nodes including field panels. 

e. Intelligent and addressable elements and end devices. 

f. Third-party equipment interfaces. 

g. Other components required for a complete and working FMS. 

3. The PC Workstations, File servers and principal network equipment shall be 

standard products of recognized major manufacturers available through normal 

PC vendor channels. 

4. Provide licenses for all software residing in the FMS system and transfer these 

licenses to the Owner prior to completion. 

 

C. Network: 

1. The FMS Network shall utilize an open architecture capable of all of the 

following: 

a. Utilizing standard Ethernet communications and operate at a minimum 

speed of 10/100 Mb/sec 

b. Connecting via BACnet at the Tier 1 level in accordance with as per 

ANSI/ASHRAE Standard 135-2001. 

c. Connecting via LonMark as per ANSI/EIA 709 (LonWorks) to LonMark 

FTT-10 transceivers at the Tier 2 level. 

2. The FMS network shall support both copper and optical fiber communication 

media. 

 

D. Downloading And Uploading: 

1. Provide the capability to generate FMS software-based sequences, database items 

and associated operational definition information and user-required revisions to 

same at any Operator PC, and the means to download same to the associated 

Application Node. 
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2. Application software tool used for the generation of custom logic sequences shall 

be resident in both the application node and the server(s) where indicated on the 

drawings. 

3. Provide the capability to upload FMS operating software information, database 

items, sequences and alarms to the designated server(s). 

4. The functions of this Part shall be governed by the codes, approvals and 

regulations applying to each individual FMS application. 

 

2.3 OPERATOR INTERFACE 

 

A. General: 

1. The FMS Operator Interface shall be user friendly, readily understood and shall 

make maximum use of colors, graphics (including floor plan graphics), icons, 

embedded images, animation, text based information and data visualization 

techniques to enhance and simplify the use and understanding of the FMS by 

authorized users at the OWS. 

2. It shall be possible to designate any PC on the Tier 1 network as an Operator 

Interface point.  No special software will need to be purchased from the FMS 

manufacturer for any such PC. 

3. User access to the FMS shall be protected by a flexible and Owner re-definable 

software-based password access protection.  Password protection shall be multi-

level and partitionable to accommodate the varied access requirements of the 

different user groups.  Provide the means to define unique access privileges for 

each individual authorized user.  Also provide the means to establish general 

password groups to which an individual will then be assigned.  Once assigned to 

the group each individual will assume all the capabilities and restrictions of that 

group.  Provide the means to on-line manage password access control under the 

control of a Master Password. 

 

B. Alarms: 

1. Alarms shall be routed directly from primary application nodes to PCs and 

servers.  It shall be possible for specific alarms from specific points to be routed to 

specific PCs and servers.  The alarm management portion of the OWS software 

shall, at the minimum, provide the following functions: 

a. Log date and time of alarm occurrence. 

b. Generate a Pop-Up window, with audible alarm, informing a user that an 

alarm has been received. 

c. Allow a user, with the appropriate security level, to acknowledge, 

temporarily silence, or discard an alarm. 

d. Provide an audit trail on hard drive for alarms by recording user 

acknowledgment, deletion, or disabling of an alarm. The audit trail shall 

include the name of the user, the alarm, the action taken on the alarm, 

and a time/date stamp. 

e. Provide the ability to direct alarms to an e-mail address or alpha-numeric 

pager.  This must be provided in addition to the pop up window 

described above.  Systems which use e-mail and pagers as the exclusive 

means of annunciating alarms are not  acceptable. 

f. Any attribute of any object in the system may be designated to report an 

alarm.  
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2. The FMS shall annunciate diagnostic alarms indicating system failures and non-

normal operating conditions. 

3. The FMS shall annunciate application alarms at minimum, as required by Part 3. 

 

C. Historical trending and data collection: 

1. Trend and store point history data for all FMS points and values as selected by the 

user. 

2. The trend data shall be stored in a manner that allows custom queries and reports 

using industry-standard software tools. 

3. At a minimum, provide the capability to perform statistical functions on the 

historical database: 

a. Average. 

b. Arithmetic mean. 

c. Maximum/minimum values. 

d. Range difference between minimum and maximum values. 

e. Standard deviation. 

f. Sum of all values. 

g. Variance. 

 

D. Controllers: 

1. Expanded Digital Controller (EDC): 

a. Each EDC shall operate as a standalone controller capable of performing 

its specified control responsibilities independently of other controllers in 

the network. Each EDC shall be a microprocessor-based, multi-tasking, 

real-time digital control processor. 

b. EDC controllers shall have a built-in status, and adjust panel interface to 

allow for the local adjustment of all setpoints, temporary override of any 

input or output points, and status of any points in alarm. 

c. LCD (Liquid Crystal Display) graphic display shall be provided. The 

LCD shall have a minimum of 16 lines of text with 40 characters per line. 

The following features shall be incorporated in the LCD graphic display: 

1) The ability to display and monitor points necessary for the 

system being controlled. 

2) An audible alarm and a light emitting diode (LED) to notify the 

user of alarm conditions. 

3) The ability to view an alarm summary that includes all the points 

currently in alarm, and to view an alarm log that shows the alarm 

history for the system being controlled. 

 

2.4 CONTROL PANELS 

 

A. 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-thick, furniture-quality steel, or extruded-aluminum 

alloy, totally enclosed, with hinged doors and keyed lock, with manufacturer's 

standard shop-painted finish and color. 

2. Panel-Mounted Equipment:  Temperature and humidity controllers, relays, and 

automatic switch; except safety devices.  Mount devices with adjustments 

accessible through front of panel. 
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3. Door-Mounted Equipment:  Flush-mount (on hinged door) manual switches, 

including damper-positioning switches, changeover switches, thermometers, and 

gages. 

4. Graphics:  Color-coded graphic, laminated-plastic displays on doors or adjacent 

walls schematically showing system being controlled, with protective, clear 

plastic sheet bonded to entire door. 

 

2.5 ANALOG CONTROLLERS 

 

A. Step Controllers:  6-stage or 10-stage type, with heavy-duty switching rated to handle 

loads, UL listed and operated by electric motor. 

 

B. Electric Outdoor Reset Controllers:  Remote-bulb or bimetal rod-and-tube type, 

proportioning action with adjustable throttling range, adjustable set point, scale range -10 

to 70 deg F, and single- or, double-pole contacts. 

 

C. Electronic Controllers: Microprocessor based controller designed for HVAC applications, 

capable of managing inputs, outputs and sequences as described in Division 15 “Sequence 

of Operation.” 

1. Single controllers can be integral with control motor if provided with accessible 

control readjustment potentiometer. 

 

2.6 SENSORS 

 

A. Electronic Sensors:  Vibration and corrosion resistant, for wall, immersion, or duct 

mounting as required. 

1. Resistance Temperature Detectors or Thermistors: 

a. Accuracy:  Plus or minus 1F at calibration point. 

b. Wire:  Twisted, shielded-pair cable. 

c. Insertion Elements in Ducts:  Use where not affected by temperature 

stratification or where ducts are smaller than 9 sq. ft. 

d. Averaging Elements in Ducts:  Use where ducts are larger than 9 sq. ft. 

or where prone to stratification, length as required. 

e. Insertion Elements for Liquids:  Brass socket with minimum insertion 

length of 2-1/2 inches. 

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. Pressure Transmitters:  Direct acting for gas, liquid, or steam service, range 

suitable for system, proportional output 4 to 20 mA or 0 - 10 VDC. 

 

B. Equipment Operation Sensors:  As follows: 

1. Status Inputs for Fans:  Differential-pressure switch with adjustable range of 0 to 

5 inches wg. 

2. Status Inputs for Pumps:  Differential-pressure switch piped across pump with 

adjustable pressure-differential range of 8 to 60 psi. 

3. Status Inputs for Electric Motors:  Current-sensing relay with current 

transformers, adjustable and set to 175 percent of rated motor current. 
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C. Valve/Damper Position Indication:  Potentiometer mounted in enclosure with adjustable 

crank-arm assembly connected to damper to transmit 0 to 100 percent valve/damper travel. 

 

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. 

 

E. Flow Measuring Systems, General: 

1. Flow-measuring systems include calibrated flow element, separate meter, hoses or 

tubing, valves, fittings, and conversion chart that is compatible with flow element, 

meter, and system fluid. 

2. Flow range of flow-measuring element and meter covers operating range of 

equipment or system where used. 

 

F. Venturi Flow Elements: 

1. Description:  Venturi differential-pressure-design flow-element fitting made for 

installation in piping. 

2. Construction:  Bronze, brass, or factory-primed steel, with brass fittings and 

attached tag with flow conversion data.  Include ends threaded for 2-inch and 

smaller elements and flanged or welded for 2-1/2-inch (DN 65) and larger 

elements. 

3. Pressure Rating: 250 psig. 

4. Temperature Rating: 250 deg F. 

 

2.7 ACTUATORS 

 

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth 

modulating action or 2-position action. 

1. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil 

immersed and sealed.  Equip spring-return motors with integral spiral-spring 

mechanism in housings designed for easy removal for service or adjustment of 

limit switches, auxiliary switches, or feedback potentiometer. 

2. Nonspring-Return Motors for Valves Larger Than 2-1/2 Inches:  Size for running 

torque of 150 inch-pounds and breakaway torque of 300 inch-pounds. 

3. Spring-Return Motors for Valves Larger Than 2-1/2 Inches:  Size for running and 

breakaway torque of 150 inch-pounds. 

 

B. Electronic Operators:  Select operator for full shutoff at maximum pump differential 

pressure. 

 

2.8 CONTROL VALVES 

 

A. Control Valves:  Factory fabricated, of type, body material, and pressure class indicated.  

Where type or body material is not indicated, make selection as determined by 

manufacturer for installation requirements and pressure class, based on maximum pressure 

and temperature rating of piping system. 

 

B. Ball Valves: As follows: 

1. Up to 4-inches: Brass body with stainless steel ball and stem assembly, threaded 

packing gland on the valve stem seal, screwed or flanged ends. 
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2. Hydronic Systems: As follows: 

a. Rating: Service at 100 psig for 2-way valves and 5- psig for 3-way 

valves. 

b. PTFE seals with EPDM o-ring backup. 

c. Sizing: 3 psi maximum pressure drop at design flow rate. 

d. Flow Characteristic: 2-way valves shall have equal percentage 

characteristic; 3-way valves have linear characteristics. Select 

operators to close valves against pump shutoff head. 

 

C. Globe Pattern:  As follows: 

1. Up to 2 inches:  Bronze body, bronze trim, rising stem, renewable composition 

disc, screwed ends with backseating capacity repackable under pressure. 

2. Over 2 inches:  Iron body, bronze trim, rising stem, plug-type disc, flanged ends, 

renewable seat and disc. 

3. Hydronic Systems:  As follows: 

a. Rating:  Service at 125 psi WSP and 250 deg F. 

b. Internal Construction:  Replaceable plugs and seats of stainless steel or 

brass. 

1) Single-Seated Valves:  Cage trim provides seating and guiding 

surfaces for plug on top and bottom of guided plugs. 

2) Double-Seated Valves:  Balanced plug; cage trim provides 

seating and guiding surfaces for plugs on top and bottom of 

guided plugs. 

c. Sizing:  3-psi maximum pressure drop at design flow rate. 

d. Flow Characteristics:  2-way valves have equal percentage 

characteristics; 3-way valves have linear characteristics.  Select operators 

to close valves against pump shutoff head. 

 

D. Butterfly Pattern:  Iron body; bronze, aluminum-bronze, or stainless-steel disc; resilient, 

replaceable seat for service to 180 deg F wafer or lug ends; extended neck. 

1. Rating:  Service at 125 psi WSP and 250 deg F. 

2. Sizing:  1-psi maximum pressure drop at design flow rate. 

 

2.9 RELAYS 

 

A. Control relays shall be UL listed plug-in type with dust cover.  Contract rating, 

configuration and coil voltage suitable for application. 

 

B. Time delay relays shall be UL listed solid state plug-in type with adjustable time delay.  

Delay shall be adjustable plus or minus 200% (minimum) from set-point shown on plans.  

Contact rating, configuration and coil voltage suitable for application.  Provide NEMA 1 

Type enclosure when not installed in local control panel. 

 

2.10 TRANSFORMERS AND POWER SUPPLIES 

 

A. Control transformers shall be UL listed, Class 2 current-limiting type, or shall be furnished 

with over-current protection in both primary and secondary circuits for Class 2 service. 
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B. Unit output shall match the required output current and voltage requirements.  Current 

output shall allow for a 50% safety factor.  Output ripple shall be 3.0 mV maximum Peak-

to-Peak.  Regulation shall be 0.10% line and load combined, with 50 microsecond 

response time for 50% load changes.  Unit shall have built-in over-voltage protection. 

 

C. Unit shall operate between 0 c and 50 c. 

 

D. Unit shall be UL recognized. 

 

2.11 CONTROL CABLE 

 

A. Electronic Cable for Control Wiring:  Refer to Division 16 Sections. 

 

B. Optical-Fiber Cable for Control Wiring:  Refer to Division 16 Sections. 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Verify that field end devices and wiring are installed before proceeding with installation. 

 

3.2 INSTALLATION 

 

A. Install equipment as indicated to comply with manufacturer's written instructions. 

 

B. Install software in control units and operator workstations.  Implement all features of 

programs to specified requirements and appropriate to sequence of operation.  Integrate 

controls into existing facility management system (FMS) infrastructure 

 

C. Connect and configure equipment and software to achieve the sequence of operation 

specified. 

 

D. Install labels and nameplates to identify control components according to Division 15 

Sections specifying mechanical identification. 

 

E. Install hydronic instrument wells, valves, and other accessories according to Division 15 

Section "Hydronic Piping." 

 

F. Install optical-fiber cable according to Division 16 Sections.  

 

3.3 FLOW MEASURING SYSTEM, FLOW ELEMENT AND METER INSTALLATION: 

 

A. General:  Install flow meters for piping systems located in accessible locations at most 

readable position. 

B. Locations:  Install flow measuring elements and meters at discharge of each pump, at inlet 

of each hydronic coil in built-up central systems, and elsewhere as indicated. 

 

C. Differential-Pressure-Type Flow Elements:  Install minimum straight lengths of pipe 

upstream and downstream from element as prescribed by the manufacturer's installation 

instructions. 
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D. Install connection fittings for attachment to portable flow meters in readily accessible 

locations. 

 

E. Permanently Mounted Meters for Flow Elements:  Install meters on walls or brackets in 

accessible locations. 

 

F. Install connections, tubing, and accessories between flow elements and meters as 

prescribed by manufacturer's written instructions. 

 

G. Connect flow measuring-system elements to meters. 

 

H. Connect flow-meter transmitters to meters. 

 

3.4 ELECTRICAL WIRING AND CONNECTIONS 

 

A. Install raceways, boxes, and cabinets according to Division 16. 

 

B. Install building wire and cable according to Division 16. 

 

C. Install signal and communication cable in EMT, conduit or other raceway according to 

Division 16. 

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, neatly along hinge side; 

protect against abrasion.  Tie and support conductors neatly. 

5. Number-code or color-code conductors, except local individual room controls, for 

future identification and servicing of control system. 

 

D. Connect electrical components to wiring systems and to ground as indicated and instructed 

by manufacturer.  Tighten connectors and terminals, including screws and bolts, according 

to equipment manufacturer's published torque-tightening values for equipment connectors. 

Where manufacturer's torquing requirements are not indicated, tighten connectors and 

terminals according to tightening requirements specified in UL 486A. 

 

E. Connect manual reset limit controls independent of manual control switch positions.  

Automatic duct heater resets may be connected in interlock circuit of power controllers. 

 

F. Connect HAND-OFF-AUTO selector switches to override automatic interlock controls 

when switch is in HAND position. 

 

G. Make electrical connections to power supply and electrically operated meters and devices. 

 

H. Where not indicated otherwise, obtain power for control units from the nearest un-

switched receptacle circuit. 

 

3.5 COMMISSIONING 

 

A. Manufacturer's Field Services:  Provide the services of a factory-authorized service 

representative to start control systems. 
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B. Test and adjust controls and safeties. 

 

C. Replace damaged or malfunctioning controls and equipment. 

 

D. Start, test, and adjust control systems. 

 

E. Demonstrate compliance with requirements. 

 

F. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation 

specified. 

 

3.6 DEMONSTRATION 

 

A. Manufacturer's Field Services:  Provide the services of a factory-authorized service 

representative to demonstrate and train Owner's maintenance personnel as specified below. 

1. Train Owner's maintenance personnel on procedures and schedules related to 

startup and shutdown, troubleshooting, servicing, and preventive maintenance. 

2. Schedule training with Owner with at least 7 days' notice. 

3. Provide operator training on data display, alarm and status descriptors, requesting 

data, execution of commands, and request of logs.  Include a minimum of (6) 

hours dedicated instructor time on-site. 

 

END OF SECTION 15975 
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SECTION 15985 

SEQUENCE OF OPERATION 

 

PART 1 - GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes control sequences for HVAC systems and terminal units. 

 

B. Related Section:  Division 15 Section "Control Systems Equipment" contains 

requirements that relate to this Section. 

 

C. The Facility Management System (FMS) input/output summary is listed on the Drawings. 

 Furnish listed points plus others required to achieve sequence of operation. 

 

D. Where equipment is to operate using manufacturer supplied unit, mounted controls, 

integrate controls into the FMS utilizing a BacNet interface. Provide all necessary 

hardware and programming. 

 

1.3 SAFETY AND RELIABILITY SYSTEMS: 

 

A. Smoke Detector/Air Handling Unit: 

1. In systems with air handling capacity above 2,000 CFM and up to and including 

15,000 CFM, the smoke detector mounted in the unit or main ductwork shall, 

when sensing smoke, shut down the Air Handing Unit.  The smoke detectors shall 

be connected to the fire alarm system.  The actuation of smoke detector shall 

activate a visible and supervisory signal at a constantly attended location. Where 

an outdoor condensing unit or heat pump is used it shall shut down those 

components. 

2. In systems over 15,000 CFM, the smoke detector shall also send a signal to close 

motorized smoke dampers in order to isolate the Air Handling equipment 

(including filters) from the remainder of the system. 

3. In systems over 15,000 cfm, the smoke dampers shall close (thus isolating the air 

handling equipment) whenever the unit fan is de-energized.  The fan shall be 

interlocked with limit switches mounted on the smoke damper such that the fan 

cannot energize until all smoke dampers are fully open. 

4. Air-handling units shall deenergize on any general building fire alarm activation. 

5. Integrate air-handling equipment into the facility’s existing fire alarm shutdown 

sequence. 

 

B. Freezestat/Air Handling unit:  Upon sensing termperature below 40°F, the outside air 

dampers shall close. The damper shall remain closed until the outside air temperature 

increases 2°F.  Upon sensing temperature below the setpoint of the freezestat (35°F), air 

handling unit fans shall deenergize and outdoor air dampers shall close.  Chilled water 

control valves shall fail open to the coil. 
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C. Smoke (or Combination) Damper/Smoke Detector:  Upon sensing smoke at the detector, 

the damper shall close.  When the damper is closed, the indicator light shall illuminate on 

the ceiling below the damper. 

 

D. Upon any fan system (i.e. air handling unit, exhaust fan) shutdown, all smoke dampers (or 

combination smoke/fire dampers) in that fan system’s duct system shall close.  Coordinate 

damper closure sequence/fan system shutdown with fire alarm system contractor.  Fan 

restart shall require damper end switch proof of opening in order to reenergize fan(s).  

(Engineer note – certain specialty areas may require dampers to stay open as part of a 

smoke control sequence, or to close without shutting down the ahu system.) 

 

E. Auto Restart:  All HVAC systems and equipment shall be configured such that normal 

operation is resumed after a power failure. 

 

F. Dead Band: Where used to control both heating and cooling, zone thermostats shall be 

capable of providing a temperature dead band of at least 5ºF in accordance with ASHRAE 

standard 90.1. 

 

G. Setback/Overrides: 

1. All HVAC systems/units shall be scheduled for operation by the DDC system.  

The occupancy schedule shall be prescribed by the Owner. 

2. In unoccupied mode, the temperature setpoint, shall be set back to 50ºF for 

heating 85ºF for cooling.  Unit supply fans shall run only as required to maintain 

setback temperatures.  The ERU’s (outside air damper) shall not operate. 

3. Prior to the occupancy period, the HVAC systems shall energize to cool or warm 

the spaces to normal occupied setpoint.  ERU’s (outside air damper) shall not 

energize during warmup/cool-down. 

4. ERU’s (outside air damper) shall only operate when the building is in occupied 

mode. 

5. Individual HVAC systems shall be equipped with override buttons on the unit 

thermostats.  When the button is activated, the unit shall operate in occupied 

mode for a period determined by the Owner. 

 

1.4 CENTRAL PLANT SYSTEMS 

 

A. Chilled Water System: (Variable Primary): 

1. The chilled water pumps shall be activated and deactivated by the chiller controls. 

2. DDC controls shall modulate variable frequency drive of the chilled water pumps 

to maintain a constant pressure differential, measured by a sensor located as 

shown on building drawings.  (Sensor shall be in remote portion of the chilled 

water system.) 

3. The chillers shall be activated whenever the outdoor air reaches 60°F (adjustable.) 

When enabled, the chiller’s internal controls shall start the associated primary 

chilled water and condenser water pumps.  After all internal safeties are satisfied, 

the compressor start sequences shall be initiated.  Primary pumps shall operate in 

lead/lag mode and be alternated to equalize run time. 

4. When active, chiller shall operate under internal controls to maintain 42ºF leaving 

water temperature. 

5. All chiller controls shall be approved by the chiller manufacturers, in writing, by 

notation on the control shop drawing. 
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6. When first chiller is unable to maintain chilled water setpoint in the secondary 

loop for more than 15 minutes, the second chiller shall energize. 

7. Once both chillers are activated, the lag chiller system shall be deactivated 

whenever the loading of both chillers drops below 40% (adjustable.) 

8. Modulate the chiller minimum flow bypass valve to maintain minimum flow (at 

the system flow measuring station) for a single chiller as required by the 

manufacturer. 

 

1.5 AIR HANDLING SYSTEMS: 

 

A. VAV Air Handling Unit: 

1. When scheduled to run by the Facility Management System (FMS) the outdoor air 

damper shall open to the minimum position (outside air damper shall be closed 

during unoccupied periods).  The supply fan shall energize and run, with the fan 

speed modulated via the VFD in response to the static pressure sensor mounted 

2/3 down the main supply duct. 

2. The chilled water control valve shall modulate in response to the supply air 

temperature sensor.   

3. Economizer: When the outdoor air enthalpy falls below the return air enthalpy, 

the outdoor air, return air and relief dampers shall modulate to maximum free 

cooling.  Supply air temperature shall not fall below 50ºF in economizer mode. 

4. When economizer mode is initiated, the return air damper closes and the relief 

and outdoor air dampers open completely.  When the unit is in economizer mode 

and the discharge air temperature falls below set point, the return air damper shall 

begin modulating open and the outdoor air damper shall begin modulating toward 

minimum position in order to maintain minimum discharge air temperature.  

When the return air damper is fully open and the outdoor air damper is at its 

minimum position (in economizer mode), and the discharge air temperature is still 

below setpoint, the preheat control valve shall modulate open. 

 

1.6 SUBMITTALS 

 

A. General:  Submit the following according to the Conditions of the Contract. 

 

B. Shop Drawings showing operating sequences of various equipment, devices, components, 

and materials included in the Text and defining the components' contribution to the 

system. 

 

 

PART 2 - PRODUCTS   (Not Applicable) 

 

 

PART 3 - EXECUTION   (Not Applicable) 

 

END OF SECTION 15985 
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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 apply to this Section. 

 

1.2 SUMMARY 

 

A. This Section includes testing, adjusting, and balancing HVAC systems to produce design 

objectives, including the following: 

1. Balancing airflow and water flow within distribution systems, including 

submains, branches, and terminals, to indicated quantities according to specified 

tolerances. 

2. Adjusting total HVAC systems to provide indicated quantities. 

3. Measuring electrical performance of HVAC equipment. 

4. Setting quantitative performance of HVAC equipment. 

5. Verifying that automatic control devices are functioning properly. 

6. Measuring sound and vibration. 

7. Reporting results of the activities and procedures specified in this Section. 

 

B. Related Sections include the following: 

1. Testing and adjusting requirements unique to particular systems and equipment 

are included in the Sections that specify those systems and equipment. 

2. Field quality-control testing to verify that workmanship quality for system and 

equipment installation is specified in system and equipment Sections. 

 

1.3 DEFINITIONS 

 

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to 

reduce fan speed or adjust a damper. 

 

B. Balance:  To proportion flows within the distribution system, including submains, 

branches, and terminals, according to design quantities. 

 

C. Draft:  A current of air, when referring to localized effect caused by one or more factors of 

high air velocity, low ambient temperature, or direction of airflow, whereby more heat is 

withdrawn from a person's skin than is normally dissipated. 

 

D. Procedure:  An approach to and execution of a sequence of work operations to yield 

repeatable results. 

 

E. Report Forms:  Test data sheets for recording test data in logical order. 

 

F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  

In a closed system, static head is equal on both sides of the pump. 

 

G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction 

side. 
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H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that 

cause reduced capacities in all or part of a system. 

 

I. System Effect Factors:  Allowances used to calculate a reduction of the performance 

ratings of a fan when installed under conditions different from those presented when the 

fan was performance tested. 

 

J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves 

the distribution system. 

 

K. Test:  A procedure to determine quantitative performance of a system or equipment. 

 

L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and 

reporting the testing, adjusting, and balancing procedures. 

 

M. AABC:  Associated Air Balance Council. 

 

N. AMCA:  Air Movement and Control Association. 

 

O. CTI:  Cooling Tower Institute. 

 

P. NEBB:  National Environmental Balancing Bureau. 

 

Q. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association. 

 

1.4 SUBMITTALS 

 

A. Quality-Assurance Submittals:  Within 30 days from the Contractor's Notice to Proceed, 

submit 2 copies of evidence that the testing, adjusting, and balancing Agent and this 

Project's testing, adjusting, and balancing team members meet the qualifications specified 

in the "Quality Assurance" Article below. 

 

B. Contract Documents Examination Report:  Within 45 days from the Contractor's Notice to 

Proceed, submit 2 copies of the Contract Documents review report as specified in Part 3 of 

this Section. 

 

C. Strategies and Procedures Plan:  Within 60 days from the Contractor's Notice to Proceed, 

submit 2 copies of the testing, adjusting, and balancing strategies and step-by-step 

procedures as specified in Part 3 "Preparation" Article below.  Include a complete set of 

report forms intended for use on this Project. 

 

D. Certified Testing, Adjusting, and Balancing Reports:  Submit 3 copies of reports prepared, 

as specified in this Section, on approved forms certified by the testing, adjusting, and 

balancing Agent. 

 

E. Sample Report Forms:  Submit 3 sets of sample testing, adjusting, and balancing report 

forms. 

 

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

 

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

AABC or NEBB. 

 

B. Testing, Adjusting, and Balancing Conference:  Meet with the Owner's and the Design 

Professional's representatives on approval of the testing, adjusting, and balancing 

strategies and procedures plan to develop a mutual understanding of the details.  Ensure 

the participation of testing, adjusting, and balancing team members, equipment 

manufacturers' authorized service representatives, HVAC controls Installer, and other 

support personnel.  Provide 7 days' advance notice of scheduled meeting time and 

location. 

1. Agenda Items:  Include at least the following: 

a. Submittal distribution requirements. 

b. Contract Documents examination report. 

c. Testing, adjusting, and balancing plan. 

d. Work schedule and Project site access requirements. 

e. Coordination and cooperation of trades and subcontractors. 

f. Coordination of documentation and communication flow. 

 

C. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, 

and balancing field data reports.  This certification includes the following: 

1. Review field data reports to validate accuracy of data and to prepare certified 

testing, adjusting, and balancing reports. 

2. Certify that the testing, adjusting, and balancing team complied with the approved 

testing, adjusting, and balancing plan and the procedures specified and referenced 

in this Specification. 

 

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

Standards for Testing, Adjusting, and Balancing" or NEBB's "Procedural Standards for 

Testing, Adjusting, and Balancing of Environmental Systems." 

 

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

or in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 

Environmental Systems," Section II, "Required Instrumentation for NEBB Certification." 

 

F. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more 

frequently if required by the instrument manufacturer. 

 

G. Test and balance process is not deemed as accepted until a complete report is received free 

of deficiencies and discrepancies and approved in writing by the Engineer. 

 

1.6 PROJECT CONDITIONS 

 

A. Full Owner Occupancy:  The Owner will occupy the site and existing building during the 

entire testing, adjusting, and balancing period.  Cooperate with the Owner during testing, 

adjusting, and balancing operations to minimize conflicts with the Owner's operations. 
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1.7 COORDINATION 

 

A. Coordinate the efforts of factory-authorized service representatives for systems and 

equipment, HVAC controls installers, and other mechanics to operate HVAC systems and 

equipment to support and assist testing, adjusting, and balancing activities. 

 

B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and 

times. 

 

C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water 

distribution systems have been satisfactorily completed. 

 

1.8 WARRANTY 

 

A. General Warranty:  The national project performance guarantee specified in this Article 

shall not deprive the Owner of other rights the Owner may have under other provisions of 

the Contract Documents and shall be in addition to, and run concurrent with, other 

warranties made by the Contractor under requirements of the Contract Documents. 

 

B. Furnish one of the following: 

1. National Project Performance Guarantee:  Provide a guarantee on AABC'S 

"National Standards" forms stating that AABC will assist in completing the 

requirements of the Contract Documents if the testing, adjusting, and balancing 

Agent fails to comply with the Contract Documents. 

2. Special Guarantee:  Provide a guarantee on NEBB forms stating that NEBB will 

assist in completing the requirements of the Contract Documents if the testing, 

adjusting, and balancing Agent fails to comply with the Contract Documents. 

3. The certified Agent has tested and balanced systems according to the Contract 

Documents. 

4. Systems are balanced to optimum performance capabilities within design and 

installation limits. 

 

 

PART 2 - PRODUCTS   (Not Applicable) 

 

 

PART 3 - EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine Contract Documents to become familiar with project requirements and to 

discover conditions in systems' designs that may preclude proper testing, adjusting, and 

balancing of systems and equipment. 

1. Contract Documents are defined in the General and Supplementary Conditions of 

the Contract. 

2. Verify that balancing devices are required by the Contract Documents.  Verify 

that quantities and locations of these balancing devices are accessible and 

appropriate for effective balancing and for efficient system and equipment 

operation. 
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B. Examine approved submittal data of HVAC systems and equipment. 

 

C. Examine project record documents. 

 

D. Examine equipment performance data, including fan and pump curves.  Relate 

performance data to project conditions and requirements, including system effects that can 

create undesired or unpredicted conditions that cause reduced capacities in all or part of a 

system.  Calculate system effect factors to reduce the performance ratings of HVAC 

equipment when installed under conditions different from those presented when the 

equipment was performance tested at the factory.  To calculate system effects for air 

systems, use tables and charts found in AMCA 201, "Fans and Systems," Sections 7 

through 10; or in SMACNA's "HVAC Systems--Duct Design," Sections 5 and 6.  

Compare this data with the design data and installed conditions. 

 

E. 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. 

 

F. Examine system and equipment test reports. 

 

G. Examine HVAC system and equipment installations to verify that indicated balancing 

devices, are properly installed, and their locations are accessible and appropriate for 

effective balancing and for efficient system and equipment operation. 

 

H. Review manufacturer’s certification for each piece of HVAC equipment to be tested.  Test 

and balance shall not be performed until certification letters have been obtained. 

 

I. Examine systems for functional deficiencies that cannot be corrected by adjusting and 

balancing. 

 

J. Examine air-handling equipment to ensure clean filters have been installed, bearings are 

greased, belts are aligned and tight, and equipment with functioning controls is ready for 

operation. 

 

K. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify 

that they are accessible and their controls are connected and functioning. 

 

L. Examine strainers for clean screens and proper perforations. 

 

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

 

N. Examine equipment for installation and for properly operating safety interlocks and 

controls. 

 

O. Examine automatic temperature system components to verify the following: 

1. Dampers, valves, and other controlled devices operate by the intended controller. 

2. Dampers and valves are in the position indicated by the controller. 

3. Integrity of valves and dampers for free and full operation and for tightness of 

fully closed and fully open positions.  This includes dampers in multi-zone units, 

mixing boxes, and variable-air-volume terminals. 

4. Automatic modulating and shutoff valve. 
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5. Thermostats and sensors are located to avoid adverse effects of sunlight, drafts, 

and cold walls. 

6. Sensors are located to sense only the intended conditions. 

7. Sequence of operation for control modes is according to the Contract Documents. 

8. Controller set points are set at design values.  Observe and record system 

reactions to changes in conditions.  Record default set points if different from 

design values. 

9. Interlocked systems are operating. 

10. Changeover from heating to cooling mode occurs according to design values. 

 

P. Report deficiencies discovered before and during performance of testing, adjusting, and 

balancing procedures. 

 

3.2 PREPARATION 

 

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

procedures. 

 

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

following: 

1. Permanent electrical power wiring is complete. 

2. Hydronic systems are filled, clean, and free of air. 

3. Automatic temperature-control systems are operational. 

4. Equipment and duct access doors are securely closed. 

5. Balance, smoke, and fire dampers are open. 

6. Isolating and balancing valves are open and control valves are operational. 

7. Ceilings are installed in critical areas where air-pattern adjustments are required 

and access to balancing devices is provided. 

8. Windows and doors can be closed so design conditions for system operations can 

be met. 

 

3.3 GENERAL TESTING AND BALANCING PROCEDURES 

 

A. Perform testing and balancing procedures on each system according to the procedures 

contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 

Environmental Systems" or AABC National Standards and this Section. 

 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 

minimum extent necessary to allow adequate performance of procedures.  After testing 

and balancing, close probe holes and patch insulation with new materials identical to those 

removed.  Restore vapor barrier and finish according to the insulation Specifications for 

this Project. 

 

C. Mark equipment settings with paint or other suitable, permanent identification material, 

including damper-control positions, valve indicators, fan-speed-control levers, and similar 

controls and devices, to show final settings. 
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3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES 

 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 

recommended testing procedures.  Crosscheck the summation of required outlet volumes 

with required fan volumes. 

 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

 

C. For variable-air-volume systems, develop a plan to simulate diversity (if necessary). 

 

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

measurements. 

 

E. Check the airflow patterns from the outside-air louvers and dampers and the return- and 

exhaust-air dampers, through the supply-fan discharge and mixing dampers. 

 

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

 

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

 

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

 

I. Check for airflow blockages. 

 

J. Check condensate drains for proper connections and functioning. 

 

K. Check for proper sealing of air-handling unit components. 

 

3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES 

 

A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air 

systems.  Additional procedures are required for variable-air-volume, multizone, dual-

duct, induction-unit supply-air systems and process exhaust-air systems.  These additional 

procedures are specified in other articles in this Section. 

 

B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by 

the fan manufacturer. 

1. Measure fan static pressures to determine actual static pressure as follows: 

a. Measure outlet static pressure as far downstream from the fan as 

practicable and upstream from restrictions in ducts such as elbows and 

transitions. 

b. Measure static pressure directly at the fan outlet or through the flexible 

connection. 

c. Measure inlet static pressure of single-inlet fans in the inlet duct as near 

the fan as possible, upstream from flexible connection and downstream 

from duct restrictions. 

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

plenum that houses the fan. 

2. Measure static pressure across each air-handling unit component. 

a. Simulate dirty filter operation and record the point at which maintenance 

personnel must change filters. 
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3. Measure static pressures entering and leaving other devices such as duct silencers 

under final balanced conditions. 

4. Compare design data with installed conditions to determine variations in design 

static pressures versus actual static pressures.  Compare actual system effect 

factors with calculated system effect factors to identify where variations occur.  

Recommend corrective action to align design and actual conditions. 

5. Adjust fan speed higher or lower than design with the approval of the Design 

Professional.  Make required adjustments to pulley sizes, motor sizes, and 

electrical connections to accommodate fan-speed changes. 

6. Do not make fan-speed adjustments that result in motor overload.  Consult 

equipment manufacturers about fan-speed safety factors.  Modulate dampers and 

measure fan-motor amperage to ensure no overload will occur.  Measure 

amperage in full cooling, full heating, and economizer modes to determine the 

maximum required brake horsepower. 

 

C. Measure outdoor air flow minimum requirement damper settings as scheduled with 

controls contractor.  Document voltage settings of control damper actuator in the minimum 

cfm position. 

 

3.6 VARIABLE-AIR-VOLUME SYSTEMS' ADDITIONAL PROCEDURES 

 

A. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been 

adjusted, adjust the variable-air-volume systems as follows: 

1. Set outside-air dampers at minimum and return- and exhaust-air dampers at a 

position that simulates full-cooling load. 

2. Select the terminal unit that is most critical to the supply-fan airflow and static 

pressure.  Measure static pressure.  Adjust system static pressure so the entering 

static pressure for the critical terminal unit is not less than the sum of the terminal 

unit manufacturer's recommended minimum inlet static pressure plus the static 

pressure needed to overcome terminal-unit discharge duct losses. 

3. Measure total system airflow.  Adjust to within 10 percent of design airflow. 

4. Set terminal units at maximum airflow and adjust controller or regulator to deliver 

the designed maximum airflow.  Use the terminal unit manufacturer's written 

instructions to make this adjustment.  When total airflow is correct, balance the 

air outlets downstream from terminal units as described for constant-volume air 

systems. 

5. Set terminal units at 30% of design airflow.  Remeasure the return airflow to the 

fan while operating at maximum return airflow and minimum outside airflow.  

Adjust the fan and balance the return-air ducts and inlets as described for 

constant-volume air systems. 

6. Measure static pressure at the most critical terminal unit and adjust the static-

pressure controller at the main supply-air sensing station to ensure adequate static 

pressure is maintained at the most critical unit. 

7. Record the final fan performance data. 

 

3.7 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. 
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B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

 

C. 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. 

 

3.8 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 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 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 relationship 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. 
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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. 

 

3.9 VARIABLE-FLOW HYDRONIC SYSTEMS' ADDITIONAL PROCEDURES 

 

A. Balance systems with automatic 2- and 3-way control valves by setting systems at 

maximum flow through heat-exchange terminals and proceed as specified above for 

hydronic systems. 

 

B. Balance the minimum flow bypass to minimum chiller flow with bypass control valve 

fully open, chilled water and pumps operating to maintain system differential pressure 

with one chiller operating. 

 

3.10 MOTORS 

 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following 

data: 

1. Manufacturer, model, and serial numbers. 

2. Motor horsepower rating. 

3. Motor rpm. 

4. Efficiency rating if high-efficiency motor. 

5. Nameplate and measured voltage, each phase. 

6. Nameplate and measured amperage, each phase. 

7. Starter thermal-protection-element rating. 

 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds 

varying from minimum to maximum.  Test the manual bypass for the controller to prove 

proper operation.  Record observations, including controller manufacturer, model and 

serial numbers, and nameplate data. 

 

3.11 CHILLERS 

 

A. Balance water flow through each evaporator and condenser to within specified tolerances 

of design flow with all pumps operating.  With only one chiller operating in a multiple 

chiller installation, do not exceed the flow for the maximum tube velocity recommended 

by the chiller manufacturer.  Measure and record the following data with each chiller 

operating at design conditions: 

1. Evaporator water entering and leaving temperatures, pressure drop, and water 

flow. 

2. Evaporator and condenser refrigerant temperatures and pressures, using 

instruments furnished by the chiller manufacturer. 

3. Power factor if factory-installed instrumentation is furnished for measuring kW. 

4. The kW input if factory-installed instrumentation is furnished for measuring kW. 

5. Capacity:  Calculate in tons of cooling. 

6. Air-Cooled Chillers:  Verify condenser-fan rotation and record fan data, including 

number of fans and entering- and leaving-air temperatures. 
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3.12 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). 

6. Airflow. 

7. Air pressure drop. 

 

3.13 TEMPERATURE TESTING 

 

A. During testing, adjusting, and balancing, report need for adjustment in temperature 

regulation within the automatic temperature-control system. 

 

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of 2 

successive 8-hour days, in each separately controlled zone, to prove correctness of final 

temperature settings.  Measure when the building or zone is occupied. 

 

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

 

3.14 TEMPERATURE-CONTROL VERIFICATION 

 

A. Verify that controllers are calibrated and commissioned. 

 

B. Check transmitter and controller locations and note conditions that would adversely affect 

control functions. 

 

C. Record controller settings and note variances between set points and actual measurements. 

 

D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers). 

 

E. Verify free travel and proper operation of control devices such as damper and valve 

operators. 

 

F. Verify sequence of operation of control devices. 

 

G. Confirm interaction of electrically operated switch transducers. 

 

H. Confirm interaction of interlock and lockout systems. 

 

I. Record voltages of power supply and controller output.  Determine if the system operates 

on a grounded or nongrounded power supply. 

 

J. Note operation of electric actuators using spring return for proper fail-safe operations. 

 

3.15 TOLERANCES 

 

A. Set HVAC system airflow and water flow rates within the following tolerances: 
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1. Supply, Return, and Exhaust Fans:  Plus 5 to plus 10 percent. 

2. Air Outlets and Inlets:  Minus 10 percent to plus 10 percent. 

a. In spaces that are to have positive pressure relationship to adjacent 

spaces, the overall space tolerances for supply airflow shall be 0 to 

plus 10 percent and return/exhaust airflow shall be 0 to minus 10 

percent. 

b. In spaces that are to have a negative pressure relationship to adjacent 

spaces, the overall space tolerances for supply airflow shall be 0 to 

minus 10 percent and return/exhaust airflow shall be 0 to plus 10 

percent. 

3. Heating-Water Flow Rate:  Minus 10 percent to plus 10 percent. 

4. Cooling-Water Flow Rate:  0 to plus 10 percent. 

 

3.16 REPORTING 

 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 

specified in "Examination" Article above, prepare a report on the adequacy of design for 

systems' balancing devices.  Recommend changes and additions to systems' balancing 

devices to facilitate proper performance measuring and balancing.  Recommend changes 

and additions to HVAC systems and general construction to allow access for performance 

measuring and balancing devices. 

 

B. Status Reports:  As Work progresses, prepare reports to describe completed procedures, 

procedures in progress, and scheduled procedures.  Include a list of deficiencies and 

problems found in systems being tested and balanced.  Prepare a separate report for each 

system and each building floor for systems serving multiple floors. 

 

3.17 FINAL REPORT 

 

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, 

in 3-ring binder, tabulated and divided into sections by tested and balanced systems. 

 

B. Include a certification sheet in front of binder signed and sealed by the certified testing and 

balancing engineer. 

1. Include a list of the instruments used for procedures, along with proof of 

calibration. 

2. Include letters from HVAC equipment manufacturers certifying that each piece of 

equipment has been installed and commissioned in accordance with 

manufacturer’s recommendations. 

 

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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3.18 ADDITIONAL TESTS 

 

A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing 

and balancing to verify that balanced conditions are being maintained throughout and to 

correct unusual conditions. 

 

B. Seasonal Periods:  Perform testing, adjusting, and balancing procedures during near-peak 

summer (above 85ºF) and during near-peak winter conditions (below 40ºF.)  Retainage 

may be held until each season has been tested.  Refer to contract documents. 

 

END OF SECTION 15990 
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