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SECTION 21 00 00 
 

FIRE SUPPRESSION 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 

A. Provide an approved and complete sprinkler system for all areas of the Truck Storage building, 
whether or not those areas are indicated on the Drawings. Per building codes, if truck storage 
area and office/maintenance is one building then the entire building must be sprinkled. 

 
B. Furnish material, labor, tools, accessories, and equipment to complete and leave ready for 

operation all fire suppression systems of this Project as described in these Specifications and 
as shown on the Drawings. 

 
C. It is the intent that the Fire Suppression Work be complete in every respect. Installation shall 

comply with the Latest Enforced Edition of all applicable Codes, Regulations, Rules and 
Standards (including all interim agreements in force) unless otherwise noted. 

 
D. Shop drawings for the installation of a fire suppression system shall be submitted and 

approved by the Code Authority Having Jurisdiction before any fire suppression system is 
installed, enlarged, or extended. Under NO circumstances shall any Work be performed prior 
to receiving shop drawings approved by the Code Authority Having Jurisdiction. 

 
E. Coordinate location of all work with other Contractors and equipment. 

 
F. Work includes, but is not limited to, the following: 

 
1. Wet-pipe sprinkler system. 

 
2. Dry-pipe sprinkler system. 

 
G. Additional Fire Suppression Work Considerations: 

 
1. Job conditions: Contractor shall conduct its own water flow testing. 
2. Design complete system and prepare and submit sprinkler layout Drawings and 

hydraulic calculations for approval. Submit (2) copies of Drawings and calculations for 
initial review by the Associate and for final approval by the State of Ohio, Department 
of Commerce, Division of Industrial Compliance, Bureau of Construction Compliance 
and Division of State Fire Marshal. 

3. Submit a final copy of the approved sprinkler layout drawings and calculations to the 
Owner for record purposes. 

 
1.02 LICENSES 

 
A. Only a Contractor and craftsmen licensed by the State as required shall install this Fire 

Suppression Work. 
 
1.03 COMPLETION OF FIRE SUPPRESSION SYSTEM 

 
. The fire suppression system shall not be considered complete and acceptable unless, and 

until, all Code and Governing Agency requirements are satisfied. 

 
 

END OF SECTION 21 00 00 
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SECTION 21 05 09 

GENERAL FIRE SUPPRESSION PIPING REQUIREMENTS 

PART 1 GENERAL 

1.01 DESCRIPTION 

A. The following instructions apply to all piping systems, except where otherwise noted: 

1. Piping Drawings are schematic. Carefully coordinate final locations. 

2. Provide unions or flanges at each final connection and at each piece of equipment. 

Arrange piping, and locate unions and flanges, to permit easy removal of parts and 

equipment for inspection and cleaning. Welded connections are prohibited. 

3. Where connection size is smaller than piping, make reduction at final connection only. 

Do not reduce size of pipe drop. Arrange all piping in accordance with the best 

standards of the Trade, with vertical lines plumb and horizontal runs parallel or 

perpendicular to the building walls. 

4. Provide valves and specialties as required. 

B. If other means of draining are not provided, install drain valves at all low points to permit 

complete draining of the fire suppression system. 

C. Contractor shall provide information on chases, sleeves, and openings required for its Work to 

other Contractors. Contractor shall assume cost and responsibility for all cutting and patching 

resulting from improper coordination of its Work. 

PART 2 PRODUCTS 

2.01 UNIONS 

A. In copper pipe: Bronze 150 lb. ground joint, solder end (do not use wrought copper unions). 

B. In steel pipe: Black malleable iron, 250 lb. bronze ground ball joint. 

C. Dielectric: Material shall be compatible for the type of service. 

2.02 DRAIN VALVES 

A. Drain Valves: Milwaukee BA 100H or BA150H. 3/4 in. bronze hose-end ball valve, with cap 

and chain (where concealed). 

B. Other Acceptable Manufacturers: Approved equal by Walworth or Nibco. 

2.03 JOINTS 

A. Flanged: Cast iron or cast bronze, 125 lb. or higher as required. 

B. Gaskets: Nonmetallic. 1/8 in. minimum thickness, fibrous type with double coat of graphite, 

asbestos-free, ASME B16.21, except use Type 304 stainless steel with carbon steel guide on 

high temperature piping systems. Use dielectric gaskets where joining dissimilar piping 

material. 

C. Bolts and Other Hardware: 



Burgess & Niple / KZF Design JV 
Issued For: Design Development Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

GENERAL FIRE SUPPRESSION PIPING 
REQUIREMENTS 

21 05 09 - 2 

 

1. Bolts for steel, cast iron, brass and bronze, for 250 lb. SWP, and for 450 deg. 

F. or below: Carbon steel, with American Standard regular, square heads and 

American Standard heavy-hexagon, semi-finished nuts. 

2. Where equipment is installed outside, all hardware and bolts shall be stainless 
steel. 

3. ASME B18.21, Tee head, high tensile steel bolts and nuts may be used in 

mechanical joint pipelines. 

D. Threaded piping: Use NPT tapered threads. (ASME B1.20.1.) 

E. Filler materials: 

1. Solder: Shall meet ASTM B32. Alloy Sn94 and Sn95 shall be used. 

2. Brazing: Shall meet AWS A5.8. 

3. Welding: Shall comply with AWS D10.12. 

2.04 NIPPLES 

A. Same weight and material as pipe with which they are used, except shoulder nipples 

shall be extra-heavy. Short nipples are not allowed. 

 

 
END OF SECTION 21 05 09 
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SECTION 21 05 29 

HANGERS AND SUPPORTS FOR FIRE SUPPRESSION PIPING AND EQUIPMENT 

PART 1 GENERAL 

1.01 DESCRIPTION 

A. Provide hangers, supports, and inserts required for piping and equipment installed under the 

Fire Suppression Contract. 

B. Provide all necessary inserts, expansion shields, beam clamps, pipe floor supports, and 

auxiliary steel. 

C. For Precast Flexicore Concrete: Provide concrete inserts, toggle bolts, etc., as required for 

Fire Suppression Work. 

D. Furnish the correct size and type of concrete inserts, along with information on their correct 

location, to the General Trades Contractor, so as not to delay construction. 

E. Provide any additional supports, auxiliary steel or fasteners required for attaching to structure. 

PART 2 PRODUCTS 

2.01 HANGERS 

A. Un-insulated Piping: 

1. Steel, cast iron, or plastic: 

a. 1/2 in. to 8 in.: Anvil Fig. 69. Galvanized carbon steel, adjustable swivel ring. 

b. 10 in. and larger: Anvil Fig. 260. Adjustable clevis, carbon steel yoke, U strap, 

rod, and hex nuts. 

2. Copper, 1/2 in. to 4 in.: Anvil Fig. CT 99. Copper-plated hangers, adjustable tubing 

ring, carbon steel ring, and malleable iron adjusting nut. 

B. Vertical Piping: Anvil Fig. 261. Friction riser clamp with 2 point bearing. Use Anvil Fig. CT 121 

copper-plated riser clamp for copper pipe. Shorten legs as required to conceal riser clamp 

within pipe chase and still provide adequate support. 

2.02 TRAPEZE HANGERS 

A. Unistrut P1000 or Superstrut A1200. Angle iron, or channel of sufficient length to support pipes 

and insulation on individual hangers, roller supports or saddles with insulation protectors, 

support capacity, support spacing, trapeze hanger rod diameter, and quantity as required to 

support total piping load. 

B. Provide individual piping attachment to each Unistrut hanger, angle, or channel. 

C. Design support system and obtain approval of a Structural Engineer licensed in Ohio. Submit 

details to the Associate Architect for approval. 

2.03 SUPPORTS 

A. All fire-suppression piping supports shall comply with the requirements of NFPA 13. 
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B. Pipe hanger rods shall be solid steel, threaded ends or all-thread rods of diameter listed below, 

with double nut attachment to the hanger and at the hanger attachment. Sizes are as follows: 

 

 
PIPE SIZES ROD DIAMETER 

Up to 2 in. 3/8 in. 

2 1/2 in. and 3 in. 1/2 in. 

4 in. and 5 in. 5/8 in. 

6 in. 3/4 in. 

C. Beam Clamps (up to 8 in. diameter pipe): 

1. Anvil Fig. 227. Top beam clamp, steel jaw, hook rod with nut, and spring washer steel 

eye-bolt, with Anvil Fig. 157 for appropriate rod diameter. 

2. Option: Anvil Fig. 86. Malleable iron clamp, hardened steel cup point set screw with 

Fig. 89 steel retaining clip. C CLAMPS WITHOUT RETAINING CLIPS ARE 

EXPRESSLY PROHIBITED. 

D. Purlin Clamps: PHD Fig. 290 Purlin Clamp. Malleable iron with jam nut, and pointed steel set 

screw. Confirm the type to be used with Metal Building Manufacturer, through the General 

Trades Contractor. 

E. Wall Brackets: Carbon steel, back plates, and bolts. 

1. Anvil Fig. 194. Lightweight 750 lb. load. 

2. Anvil Fig. 195. Medium-weight 1,500 lb. load. 

3. Option: Unistrut Superstrut A1200. 

2.04 CONCRETE INSERTS 

A. Refer to Manufacturer’s recommendations for correct selection as to pipe size and loading. 

Confirm with the General Trades Contractor that the concrete used is of a sufficient strength to 

hold the insert. Use inserts. 

2.05 FINISH 

A. Unless otherwise noted, all steel hangers and supports shall be standard black. 

2.06 MISCELLANEOUS MATERIALS 

A. Structural Steel: ASTM A36 / ASTM A36M, steel plates, shapes, and bars, black and 

galvanized. 

 
 

END OF SECTION 21 05 29 
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SECTION 21 05 53.02 

 

IDENTIFICATION FOR FIRE SUPPRESSION PIPING AND EQUIPMENT 
 

PART 1 GENERAL 

 
1.01 DESCRIPTION 

 
A. Identify by labels and tags the following items: 

 
1. Equipment, control cabinets and similar items. 

 
2. Exposed piping. 

 
3. Piping running above accessible ceiling construction. 

 
B. Install aluminum nameplates for equipment, and stencils for piping. 

 
C. Install piping identification at MAXIMUM 25 FT. intervals. 

 
1.02 ACCEPTABLE MANUFACTURERS 

 
A. Seton “Setmark” or approved equal by Brady, MSI, or Calpico. 

 
PART 2 PRODUCTS 

 
2.01 EQUIPMENT IDENTIFICATION 

 
A. Engraved aluminum nameplates, sized for 3/4 in. high letters or numbers, Gothic style. 

 
2.02 PIPING IDENTIFICATION  

 
A. Stencils. Letter size shall be as follows: 

 
OVERALL PIPE SIZE 

Up to 1-1/4 in. diameter 
1-1/2 in. to 2 in. diameter 
2-1/2 in. to 6 in. diameter 

MINIMUM LETTER HEIGHT 

1/2 in. high 
3/4 in. high 
1-1/4 in. high 

2.03 IDENTIFICATION SCHEDULE 
 

A. Identify as follows: 
 

 

 
TYPE OF SERVICE BACKGROUND COLOR 

TEXT 

COLOR DESIGNATION 

Wet Sprinkler Red White FIRE-WET 
Drain Green White D 

 
 
 
 

END OF SECTION 21 05 53.02 

 



Burgess & Niple / KZF Design JV 
Issued For: Design Development Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

COMMON WORK RESULTS FOR PLUMBING 22 05 00 - 1 
 

SECTION 22 05 00 

 

COMMON WORK RESULTS FOR PLUMBING 
 

PART 1 GENERAL 
 
1.01 GUARANTEE 

 
A. Contractor shall guarantee its equipment, workmanship, and materials for a period of (1) year 

from the date of Contract Completion. Should defects develop within this period, the 
Contractor shall, at no cost to the Owner, remedy the defects and reimburse the Owner for all 
damage to other Work caused either by the defects or as a result of the work of correcting the 
same. 

 
B. Refer also to Division 01 and other Specification Sections that define the starting date of the 

guarantee period, or that discuss either additional warranty requirements, or extended 
equipment warranties beyond the standard period. 

 
C. In Drywall, Masonry, or Concrete Wall Construction: 

 
1. Option for above ceiling only: omit block(s) where required for penetrations, and shall 

provide square finished opening. Do not omit blocks under bearing points or in fire 
rated or smoke rated walls. Do not omit blocks in walls which serve as sound barriers. 

 
2. Provide openings through metal building walls and roofs, and seal watertight. 

 
D. In precast concrete work, in lieu of sleeves, cut holes after erection of concrete. 

 
E. Sleeve where pipes pass exposed through walls, and where any piping passes through smoke- 

rated or fire-rated separations, equipment room walls, or above-grade floors. 
 

F. If sleeves are not installed in construction, due to fault of the Contractor, holes through 
masonry or concrete construction shall be core drilled at the expense of the Contractor. 

 
G. Sleeves are not required in floor slabs on grade or in core-drilled openings not requiring water- 

proofing or firestopping. EXCEPTION: Sleeves are required at core drilling through hollow 
core pre-cast slabs and through concrete block walls, to facilitate containment of required 
firestopping material. 

 
H. Sleeving with absolutely watertight seal is required for piping passing through exterior walls 

above grade, and underground foundation walls and other below-grade penetrations into 
building. 

 
PART 2 PRODUCTS 

 
2.01 DESIGN BASE MANUFACTURER STANDARD 

 
A. The Drawings and Specifications are based on the specific equipment requirements and 

configuration for a Design Base Manufacturer. Design coordination of equipment with the 
building and with other Trades has been made for this specific Model and Manufacturer of 
equipment. Where several Manufacturers are listed for an item of equipment or material, the 
first-named shall be considered the Design Base Manufacturer Standard. 
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B. Consideration will not be given to any other Manufacturer that the Contractor proposes to use, 
unless the Manufacturer has been approved by the A/E and specifically named in the Contract 
Documents or Addenda thereto. 

 
2.02 OTHER MANUFACTURERS 

 
A. No consideration will be given to any Manufacturer which the Contractor proposes as an 

“Approved Equal,” unless the Manufacturer has been approved by the A/E during the bid 
period and specifically named in the Contract Documents or Addenda thereto. 

 
B. Recognizing that since no two Manufacturers are “identical,” whenever the Contractor elects to 

furnish specified equipment or material manufactured by other than the Design Base 
Manufacturer, the Contractor shall be responsible for the cost and coordination of all 
modifications required to accommodate the elected equipment or material. 

 
C. Where deemed necessary by the A/E, the Contractor shall, at no additional cost to the Owner, 

prepare new layouts for these other brands of equipment which may have different dimensional 
or service requirements from the Design Base Manufacturer Standard. Submit these layouts to 
the A/E for review. 

 
D. Reimburse the A/E for the cost of any design changes incurred by the A/E in the preparation of 

revised Drawings or Specifications to accommodate the use of any Manufacturer other than the 
Design Base Manufacturer. 

 
2.03 ALTERNATIVE MANUFACTURERS 

 
A. Contractor shall submit information on any proposed equipment or material that it desires to 

use as an Approved Equal. 

 
B. If the A/E determines an alternative Manufacturer to be acceptable, it will issue an Addendum 

adding that Manufacturer to the Specification. 

 
2.04 EQUIPMENT SUITABILITY 

 
A. All equipment provided shall perform as intended. All items listed shall function properly, and 

as the Manufacturer intended. Install equipment according to the Manufacturer’s 
recommendations. Properly attach equipment to the floor, wall, or structure. Each item of 
equipment shall be compatible with all other accessories or hook-ups, including piping, 
controls, wiring, and other equipment that are not furnished by the equipment Manufacturer, 
but that are required as an accessory or modification, as necessary to achieve its intended 
function. 

 
2.05 MISCELLANEOUS ACCESSORIES 

 
A. Provide any additional adapters, fittings, trim, structural steel angles, channels, Unistrut, 

brackets, etc., as necessary to securely mount and install all items of equipment specified or 
shown on the Drawings. All steel installed outside or exposed to moisture shall be hot-dipped 
galvanized. 

 
B. These accessories are required even though they may not be shown or detailed on the 
Drawings. 

 
C. Installation shall be compatible with the building construction on which the item is to be located. 
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D. Verify the type of construction prior to ordering the equipment item, so that all required 
accessories are included. 

 
2.06 QUANTITIES 

 
A. Equipment may be referred to in these Specifications, or on the Drawings, as either singular or 

plural; the Contractor shall verify the exact number of items required to complete its Work. 

 
2.07 STANDARD SLEEVES 

 
A. Pipe sleeve material: 

 
1. Up to 8 in. diameter: Machine-cut Schedule 40 black steel pipe. 

 
2. Bare copper piping: Copper sleeves. 

 
3. OPTION: In walls: Schedule 40 plastic pipe may be used for pipe sleeves, except 

where adjacent ceiling space is used for return air plenum. 

 
B. Sizing: Sleeves shall be large enough for insulation to be continuous, or for watertight or fire- 

rated sleeve seals to be installed. Size to allow 1/2 in. minimum clearance all around pipe or 
pipe insulation. 

 
2.08 WATERTIGHT SLEEVE SEALS 

 
A. Oakum Caulking: With lead-pour or elastomeric sealant. Elastomeric sealant shall be 2 

component, polysulfide or polyurethane. 

 
B. OPTION: Compression Seals: Stainless steel bolts and nuts. Provide correct size seal, and 

coordinate with sleeve size. 

 
C. Provide sleeves with waterstop anchor flange at midpoint where penetrating structure at or 

below grade. 
 
2.09 FIRE-RATED SLEEVE SEALS 

 
A. ASTM E119 and E814 Silicone RTV foam, UL-approved. 

 
B. Plastic drain, waste, and vent stacks, and lines penetrating fire-rated floors, ceilings, and walls 

shall be fire-blocked and waterproofed using ProSet Systems, Inc., Series 45 or 55 couplings 
and Series 90 Code Red Firestop devices. All other plastic drain openings, such as closet 
stubs, and floor drains, shall be fire-blocked and waterproofed using ProSet Systems C, and E 
Z Flex flexible couplings. 

 
2.10 PAINTING OF ELECTRICAL SYSTEMS 

 
A. Refer to Division 9 for painting specifics. 

 
B. Plumbing systems shall be painted to match adjacent finishes. 

 
 
 
 

END OF SECTION 22 05 00 
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SECTION 22 05 05 

 

PLUMBING EXCAVATION AND BACKFILL 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. The bedding and backfill requirements listed in this Section represent a minimum requirement. 

If Local or State requirements are in excess of listed requirements, such requirements shall 
supersede. 

 
B. ALL EXCAVATION AND BACKFILL WORK SHALL COMPLY WITH REQUIREMENTS OF 

THE LATEST STANDARDS OF THE OCCUPATIONAL SAFETY AND HEALTH 
ADMINISTRATION (OSHA). 

 
C. Provide excavation and backfilling for Plumbing Work. Backfill to finish grade or to levels 

suitable for finish grading. 

 
D. Refer to Section 22 05 00 for cutting and patching responsibilities. 

 
E. Coordinate routing of underground lines with the A/E to minimize disruption and damage to 

trees, shrubs, walks, drives, and other landscape features. 
 

F. Excavation, backfill, surface repair and traffic control within the public right-of-way shall be in 
accordance with governing agency rules and regulations. Pay any fee associated with 
alteration of the roadway. 

 
G. Remove unusable or surplus excavated material from the site. Deposit any usable excavated 

material where directed by the A/E. 
 

H. Locate and touch existing underground utilities, if any, in the areas of Work. If utilities are to 
remain in place, provide adequate means of protection during earthwork operations. Should 
uncharted, or incorrectly charted, piping or other utilities be encountered during excavation, 
notify the A/E immediately for instructions before proceeding. Cooperate with all trades, Utility 
Companies and the Owner in keeping services and the facilities in operation. 

 
I. Excavation damage to, or interruption of service of, any underground utility shall be a liability of 

the Contractor, whether or not plotted on the Drawings. Promptly repair or replace all damage 
to any existing utility to the full satisfaction of the Utility Company, the Utility Owner and the 
A/E. 

 
J. All existing utility service piping, conduits, wiring, etc., which are uncovered, whether within or 

beyond the property lines, shall be suitably supported, protected and maintained in operation, 
and shall be protected against settlement when excavations are refilled. 

 
K. Coordinate timing of excavations where required by the Authority Having Jurisdiction or where 

otherwise specified herein. 

 
L. Provide pipe bedding for all sanitary sewer lines located outside of building. 

 
M. Provide pipe bedding for all sanitary sewer lines located below the floor slab. 

 
N. Obtain approval from the A/E for bearing conditions. 
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O. Whenever, in the opinion of the A/E, the soil is unsuitable for supporting piping, provisions for 
proper foundations will be made and the Contract price will be adjusted accordingly. 

 
P. Contact the A/E to obtain copies of Soils reports, if available. Bidders are strongly urged to visit 

the site and investigate existing soil conditions themselves. 
 

Q. 11 months after Contract Completion, review the excavated areas and add any backfill as 
required due to settling, etc. Re-seed or re-sod as required. 

 
R. Contractor shall provide seed grass cover to reestablish landscape to existing conditions where 

disturbed by its Work. This includes replacement of existing plants, shrubs, and related items. 

 
S. Repair and restore plants, shrubs, trees, sodden areas, paving, streets, curbs, and walks to 

match existing in the area where excavations are made. 
 

T. Maintain seeded lawns not less than 11 months after Contract Completion and add any backfill 
as required due to settling, etc. If seeded in non-growing season and not given full 11 months 
of maintenance, or if not considered acceptable at that time, continue the following growing 
season until an acceptable lawn is established, as determined by the A/E. 

 
U. Rock excavation is not anticipated. Contractor will be entitled to additional compensation for 

excavating any rock that is not indicated on the Contract Drawings or in available Soils 
Reports. Refer to available soil boring data. 

 
1. If rock or boulders are encountered, immediately stop all excavation. Notify the A/E, 

and submit a cost per cubic yard, over and above Base Bid, for excavation and backfill 
of rock areas. Rock excavation is defined as the excavation of any buried boulders 
and rock, in excess of 1/2 cu. yd. in volume, which requires the systematic drilling with 
jackhammer or use of other special equipment. 

 
2. All other excavation, including soft shale and similar sedimentary soil formations, shall 

be regarded as “earth” excavation, and shall be included in the Contractor’s Bid. 

 
3. Do not proceed with rock excavation without prior written authorization of the A/E. 

 
4. The use of explosives is expressly prohibited. 

 
V. Provide concrete encasement required for underground piping. Where required, concrete 

encasement shall extend 6 in. around piping or sleeve, for 1 ft. each side of footings or 
foundations, and up to footing bearing elevation. Backfill around piping encasement after 
concrete has properly hardened. 

 
1. All concrete shall be 3,000 PSI minimum and placed in accordance with applicable ACI 

Standards. Refer to Section 03 30 00. 
 
PART 2 PRODUCTS 

 
2.01 BACKFILL 

 
A. Typical backfill conditions: 

 
1. Piping where bedding is not specified or required by Code: Previously excavated 
material. 
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2. Piping below slab-on-grade floors and pavement: Crushed stone (ODOT Item 304), 
pea gravel, or coarse sand from 4 in. below piping to slab. 

 
3. Other piping outside building: Pea gravel from 4 in. below piping to 12 in. minimum 

above pipe, then previously excavated material. 
 

4. Piping under drives and parking lots: Pea gravel from 4 in. below piping to 12 in. 
minimum above pipe, then previously excavated material. If pipe is less than 2 ft. 
below grade to top of pipe, provide 6 in. concrete encasement. 

 
5. Concrete pads and bases: Granular material conforming to Division 02 requirements. 

 
6. Piping under footings and foundations: Provide concrete encasement. 

 
7. Underground oil interceptor: Pea gravel. 

 
B. Materials: 

 
1. Crushed stone: (ODOT Item 304). 

 
2. Pea gravel: 1/8 in. minimum to 3/4 in. maximum diameter. 

 
3. Sand: Clean, dry, coarse or medium. 

 
4. Washed gravel: 3/4 in. size. 

 
5. Concrete encasement: Material conforming to Division 03 requirements. 

 
C. Materials Prohibited from Being Used for Backfill: 

 
1. Material containing large rocks (over 2 in.), building materials, masonry debris, cinders, 

rubbish, wood, or other material subject to decay. 

 
2. Any material which may cause damage to piping. 

 
3. Frozen earth. 

 
2.02 PAVING 

 
A. Asphalt Paving: 

 
1. Aggregate base: ODOT Item 304, 8 in. total, compacted in (2) 4 in. layers. 

 
2. Base course: ODOT Item 402, 1 3/4 in. thickness. 

 
3. Surface course: ODOT Item 404, 1 1/4 in. thickness. 

 
4. Tack coat: ODOT Item 407. 

 
5. Prime coat: ODOT Item 408. 

 
B. Sealer: ODOT Item 409. 

 
END OF SECTION 22 05 05 
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SECTION 22 05 08 

 

PLUMBING ELECTRICAL COORDINATION 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. This contract is single prime therefore all coordination between trades is done by the prime 

contractor. This specification may be used as a guide for the single prime contractor. 

 
1.02 COORDINATION 

 
A. Plumbing Contractor shall coordinate its Work as follows: 

 
1. PLUMBING ITEMS: 

 
a. Electric Water Coolers: Plumbing Contractor shall coordinate location and 

electrical requirements with the Electrical Contractor. Electrical Contractor 
shall provide receptacle and wiring. Plumbing Contractor shall provide electric 
water cooler with cord and plug, and shall plug in. 

 
b. Domestic Water Heaters: Plumbing Contractor shall coordinate location and 

electrical requirements with the Electrical Contractor. Electrical Contractor 
shall provide disconnect switches/or plug and wiring. 

 
c. Food Waste Grinder: Electrical Contractor shall provide wall switch and wiring. 

 
d. Air Compressor: Shall include a motor starter. Electrical Contractor shall 

provide disconnect switch and wiring, and wall mounted pilot light switch. 

 
e. Refrigerated Air Dryer: Plumbing Contractor shall provide refrigerated air dryer 

with cord and plug, and shall plug in. Electrical Contractor shall provide 
receptacle and wiring. 

 
2. ELECTRICAL ITEMS: 

 
a. Generator: Plumbing Contractor shall provide natural gas piping to back-up 

generator. 

 
PART 2 PRODUCTS 

 
2.01 CONTROL WIRING 

 
A. Electrical Contractor shall provide all control wiring. 

 
 
 

END OF SECTION 22 05 08 
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SECTION 22 05 09 

 

GENERAL PLUMBING PIPING REQUIREMENTS 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. The following instructions apply to all piping systems, except where otherwise noted: 

 
1. Piping Drawings are schematic. Carefully coordinate final locations. 

 
2. Provide unions or flanges at each final connection and at each piece of equipment. 

Arrange piping, and locate unions and flanges, to permit easy removal of parts and 
equipment for inspection and cleaning. Welded connections to equipment are 
prohibited. 

 
3. Where connection size is smaller than piping, make reduction at final connection only. 

Do not reduce size of pipe drop. Arrange all piping in accordance with the best 
standards of the Trade, with vertical lines plumb, and horizontal runs parallel or 
perpendicular to the building walls. 

 
4. Provide valves and specialties as required. Install valves on each piece of equipment. 

 
B. If other means of draining are not provided, install drain valves at all low points to permit 

complete draining of each of the following systems: 

 
1. Domestic water system. 

 
2. Compressed air system. 

 
C. Contractor shall provide information on chases, sleeves, and openings required for its Work to 

other trades. Contractor shall assume cost and responsibility for all cutting and patching 
resulting from improper coordination of its Work. 

 
PART 2 PRODUCTS 

 
2.01 UNIONS 

 
A. In copper pipe: Bronze 150 lb. ground joint, solder end (do not use wrought copper unions). 

 
B. In steel pipe: Black malleable iron, 250 lb. bronze ground ball joint. 

 
C. Dielectric: Material shall be compatible for the type of service. 

 
2.02 DRAIN VALVES 

 
A. Drain Valves: Milwaukee BA 100H or BA150H. 3/4 in. bronze hose-end ball valve, with cap 

and chain (where concealed). 

 
B. Other Acceptable Manufacturers: Approved equal by Walworth or Nibco. 

 
2.03 JOINTS 

 
A. Flanged: Cast iron or cast bronze, 125 lb. or higher as required 
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B. Gaskets: Nonmetallic. 1/8 in. minimum thickness, fibrous type with double coat of graphite, 
asbestos-free, ASME B16.21, except use Type 304 stainless steel with carbon steel guide on 
high temperature piping systems. Use dielectric gaskets where joining dissimilar piping 
material. 

 
C. Bolts and Other Hardware: 

 
1. Bolts for steel, cast iron, brass, and bronze, for 250 lb. SWP, and for 450 deg. F. or 

below: Carbon steel, with American Standard regular, square heads and American 
Standard heavy-hexagon, semi-finished nuts. 

 
2. Where equipment is installed outside, all hardware and bolts shall be stainless steel. 

 
3. ASME B18.21, Tee head, high tensile steel bolts and nuts may be used in mechanical 

joint pipelines. 

 
D. Threaded piping: Use NPT tapered threads. (ASME B1.20.1.) 

 
E. Filler materials: 

 
1. Solder: Shall meet ASTM B32. Alloy Sn94 and Sn95 shall be used. 

 
2. Brazing: Shall meet AWS A5.8. 

 
3. Welding: Shall comply with AWS D10.12. 

 
2.04 NIPPLES 

 
A. Same weight and material as pipe with which they are used, except shoulder nipples shall be 

extra-heavy. Short nipples are not allowed. 

 
 
 

END OF SECTION 22 05 09 
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SECTION 22 05 10 

 

PLUMBING PIPING EXPANSION, NOISE, AND VIBRATION ISOLATION 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. Provide thermal expansion control for all piping. 

 
B. Isolate all piping for both noise and vibration transmission. 

 
C. To prevent damage to building, equipment, joists, hangers and piping, provide expansion 

loops, guides, anchors and offsets in piping systems as necessary to accurately control pipe 
movement due to equipment operation or thermal gradients. 

 
D. Provide flexible connectors on all piping to equipment 5 HP and larger, and where shown for 

equipment of lower horsepower. 

 
E. Provide expansion joints and accompanying anchors and guides where expansion cannot be 

provided for with loops and offsets (not shown). 

 
F. Anchor points are not indicated on Drawings. Install anchor points as needed to properly 

control piping movement. Typically piping shall be anchored at tees, elbows and bends. 
Piping shall also be anchored in each direction. 

 
1.02 ACCEPTABLE MANUFACTURERS 

 
A. Metraflex Company or approved equal by Hyspan Precision Products, Inc., Flexicraft, Flexonics 

Products, Minnesota Flexible Corp., Uniroyal General Rubber, or Twin City Hose, Inc. 

 
B. Manufacturer and Model Number listed under Part 2 shall be considered to be the Design Base 

Manufacturer and Model Number. Other Acceptable Manufacturers will be permitted, unless 
specifically excluded. 

 
PART 2 PRODUCTS 

 
2.01 EXPANSION JOINTS 

 
A. Stainless steel bellows and elements; cast iron equalizing rings, tie-rods, and pipe connections 

as required; 250 PSIG working pressure. Use packless, internally guided type for lines 2 in. 
and smaller. 

 
B. 2 in. and Smaller Lines: Metraflex HPMF. Stainless steel with copper sweat ends, packless, 

internally guided expansion compensator type. 

 
2.02 PIPE ALIGNMENT GUIDES 

 
A. Painted steel cylinder guide assembly with welded mounting brackets, 2 piece pipe clamp 

“Spider” assembly. 

 
 
 

END OF SECTION 22 05 10 
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SECTION 22 05 23 

 

GENERAL-DUTY VALVES FOR PLUMBING PIPING 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. Provide valves to facilitate maintenance and isolation of piping systems. 

 
1.02 ACTION SUBMITTALS 

 
A. Product data.   

 
PART 2 PRODUCTS 

 
2.01 BALANCING VALVES (2 IN. AND SMALLER) 

 
A. 200 PSIG, ASTM B 62 bronze body/brass ball, threaded or solder joint ends, differential 

pressure read-out ports, 1/4 in. drain port, memory stop feature to allow valve to be closed for 
service and reopened to setpoint without disturbing balance position, and calibrated 
nameplates to ensure specific valve settings. 

 
B. Acceptable Manufacturers: ITT Bell & Gossett CB Series, Nibco Fig. 1710, or Taco ACUF 
Series. 

 
2.02 BALL VALVES (3 IN. AND SMALLER) 

 
A. 150 lb. SWP, bronze body, threaded or solder joint ends, TFE seat and seals, stainless steel 

ball, blow-out-proof stem, extended handle with vapor seal, adjustable memory stop, and 
protective sleeve. 

 
1. ONLY Acceptable Ball Valve Manufacturers: Milwaukee Model BA 100 or BA 150 or 

approved equal by Watts No. B 6000 or B 6001, Apollo 70 100 or 70 200, Hammond 
8501 or 8511, Nibco 580-70 or 585-70, or Kitz 68 or 69. 

 
B. With Lockable Handles: 150 lb. SWP, bronze body, threaded ends, TFE seat and seals, 

stainless steel ball, extended handle with vapor seal, adjustable memory stop, and protective 
sleeve. 

 
1. Acceptable Manufacturers of ball valves with lockable handles: Milwaukee Model BA 

100 LD, Apollo No. 70 100 27, or Nibco 580 70 LH. 

 
2.03 CHECK VALVES 

 
A. 2 in. and Smaller: Milwaukee Fig. 509 or 1509. 125 lb. SWP, ASTM B 62 bronze body, swing 

check, threaded or solder joint tubing ends, with renewable bronze disc and integral seat. 

 
B. 2 1/2 in. and Larger (swing): Milwaukee Fig. F 2974. 125 lb. SWP, iron body, bronze trim, with 

flanged ends. 

 
2.04 DRAIN VALVES 

 
A. Milwaukee Fig. BA 100H or BA 150H (threaded or soldered ends). 3/4 in. bronze hose-end 

ball valve, with cap and chain. 



Burgess & Niple / KZF Design JV 
Issued For: Design Development Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

GENERAL-DUTY VALVES FOR PLUMBING 
PIPING 

22 05 23 - 2 

 

PART 3 – EXECUTION 
 
3.01 INSTALLATION OF VALVES 

A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, 

and equipment removal without system shutdown. 

B. Provide support of piping adjacent to valves such that no force is imposed upon valves. 

C. Locate valves for easy access and where not blocked by equipment, other piping, or building 

components. 

D. For valves in horizontal piping, install valves with stem at or above center of pipe. 

E. Install valves in position that does not project into aisles or block access to other equipment. 

F. Install valves in position to allow full stem and actuator or manual operator movement. 

G. Verify that joints of each valve have been properly installed and sealed to assure there is no leakage or 

damage. 

H. Chainwheels: Install chainwheels on manual operators for butterfly and gate valves NPS 4 (DN 100) 

and larger and more than 96 inches (2400 mm) above floor. Extend chains to 60 inches (1520 mm) 

above finished floor.  Confirm chainwheel locations with owner.   

I. Install check valves for proper direction of flow and as follows: 

1. Check Valves, Swing Type: In horizontal position with hinge pin level. 

J. Valve Tags: Comply with requirements in Section 220553 "Identification for Plumbing Piping and 

Equipment" for valve tags and schedules. 

K. Adhere to manufacturer's written installation instructions. When soldering or brazing valves, do not heat 

valves above maximum permitted temperature. Do not use solder with melting point temperature above 

valve manufacturer's written recommended maximum 

 
3.02 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP ratings 

may be substituted. 

B. Select valves with the following end connections: 

1. For Copper Tubing, NPS 2 (DN 50) and Smaller: Threaded ends except where solder-joint valve-

end option or press-end option is indicated in valve schedules below. 

2. For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged ends except where 

threaded valve-end option is indicated in valve schedules below. 

3. For Copper Tubing, NPS 5 (DN 125) and Larger: Flanged ends. 

4. For Steel Piping, NPS 2 (DN 50) and Smaller: Threaded ends. 

5. For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged ends except where threaded 

valve-end option is indicated in valve schedules below. 
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6. For Steel Piping, NPS 5 (DN 125) and Larger: Flanged ends. 

7. For Grooved-End Copper Tubing: Valve ends may be grooved. 

8. For Grooved-End Steel Piping: Valve ends may be grooved. 

9. Wafer-Type Valves: Flanged connections. 

 
 

END OF SECTION 22 05 23 
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SECTION 220529 - HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal pipe hangers and supports. 

2. Trapeze pipe hangers. 

3. Fiberglass pipe hangers. 

4. Metal framing systems. 

5. Fiberglass strut systems. 

6. Thermal hanger-shield inserts. 

7. Fastener systems. 

8. Pipe stands. 

9. Pipe-positioning systems. 

10. Equipment supports. 

B. Related Requirements: 

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for trapeze 

hangers for pipe and equipment supports. 

2. Section 220548 "Vibration and Seismic Controls for Plumbing Piping and Equipment" 

for vibration isolation devices. 

1.3 ACTION SUBMITTALS 

A. Shop Drawings: Show fabrication and installation details and include calculations for the 

following: 

1. Trapeze pipe hangers. 

2. Metal framing systems. 

3. Fiberglass strut systems. 

4. Pipe stands. 

5. Equipment supports. 

B. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance 

requirements and design criteria, including analysis data signed and sealed by the qualified 

professional engineer responsible for their preparation. 
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1. Detail fabrication and assembly of trapeze hangers. 

2. Include design calculations for designing trapeze hangers. 

1.4 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 

AWS D1.1/D1.1M. 

B. Pipe Welding Qualifications: Qualify procedures and operators according to 2015 ASME Boiler 

and Pressure Vessel Code, Section IX. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design trapeze pipe hangers and equipment supports. 

B. Structural Performance: Hangers and supports for plumbing piping and equipment shall 

withstand the effects of gravity loads and stresses within limits and under conditions indicated 

according to ASCE/SEI 7. 

1. Design supports for multiple pipes, including pipe stands, capable of supporting 

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

2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 

2.2 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 

2. Galvanized Metallic Coatings: Pregalvanized, hot-dip galvanized, or electro-galvanized. 

3. Nonmetallic Coatings: Plastic coated or epoxy powder coated. 

4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized carbon steel. 

B. Stainless-Steel Pipe Hangers and Supports: 

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 

2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 
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3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel. 

C. Copper Pipe and Tube Hangers: 

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 

components. 

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel. 

2.3 TRAPEZE PIPE HANGERS 

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly, made from 

structural-carbon-steel shapes, with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-

bolts. 

2.4 FIBERGLASS PIPE HANGERS 

A. Clevis-Type, Fiberglass Pipe Hangers: 

1. Description: Similar to MSS SP-58, Type 1 steel pipe hanger, except hanger is made of 

fiberglass or fiberglass-reinforced resin. 

2. Hanger Rods: Continuous-thread rod, washer, and nuts made of fiberglass 

3. Flammability: ASTM D635, ASTM E84, UL 94. 

B. Strap-Type, Fiberglass Pipe Hangers: 

1. Description: Similar to MSS SP-58, Type 9 or Type 10 steel pipe hanger, except hanger 

is made of fiberglass-reinforced resin. 

a. Flammability: ASTM D635, ASTM E84, UL 94. 

2. Hanger Rod and Fittings: Continuous-thread rod, washer, and nuts made of stainless 

steel. 

2.5 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 

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

following: 

a. ABB (Electrification Products Division). 

b. Atkore International (Unistrut). 

c. Eaton (B-line). 

d. Flex-Strut Inc. 

e. G-Strut. 

f. Haydon Corporation. 

g. Wesanco, Inc. 
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2. Description: Shop- or field-fabricated pipe-support assembly, made of steel channels, 

accessories, fittings, and other components for supporting multiple parallel pipes. 

3. Standard: Comply with MFMA-4, factory-fabricated components for field assembly. 

4. Channels: Continuous slotted galvanized carbon-steel or stainless-steel, Type 304 

channel with inturned lips. 

5. Channel Width: Selected for applicable load criteria. 

6. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot 

and, when tightened, prevent slipping along channel. 

7. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized carbon steel. 

8. Metallic Coating: Pregalvanized G90. 

B. Non-MFMA Manufacturer Metal Framing Systems: 

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

following: 

a. Anvil International. 

b. Carpenter & Paterson, Inc. 

c. Empire Industries, Inc. 

d. FNW; Ferguson Enterprises, Inc. 

e. Gripple Inc. 

f. HOLDRITE; Reliance Worldwide Company. 

g. MIRO Industries. 

h. nVent (CADDY). 

i. PHD Manufacturing, Inc. 

j. Rooftop Support Systems, a division of Eberl Iron Works, Inc. 

k. Sioux Chief Manufacturing Company, Inc. 

2. Description: Shop- or field-fabricated pipe-support assembly, made of steel channels, 

accessories, fittings, and other components for supporting multiple parallel pipes. 

3. Standard: Comply with MFMA-4, factory-fabricated components for field assembly. 

4. Channels: Continuous slotted galvanized carbon-steel channel with inturned lips. 

5. Channel Width: Select for applicable load criteria. 

6. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot 

and, when tightened, prevent slipping along channel. 

7. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized carbon steel. 

8. Metallic Coating: Pregalvanized G90 

2.6 FIBERGLASS STRUT SYSTEMS 

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

following: 

1. Atkore International (Unistrut). 

2. Champion Fiberglass, Inc. 

3. Fabco Plastics Wholesale Limited. 

4. G-Strut. 

5. Seasafe, Inc.; AMICO, a Gibraltar Industries Company. 
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B. Description: Structural-grade, factory-formed, glass-fiber-resin channels and angles for 

supporting multiple parallel pipes. 

1. Standard: Comply with MFMA-4, factory-fabricated components for field assembly. 

2. Channels: Continuous slotted fiberglass-reinforced plastic channel with inturned lips. 

3. Channel Width: Selected for applicable load criteria. 

4. Fittings and Accessories: Products provided by channel and angle manufacturer and 

designed for use with those items. 

5. Fitting and Accessory Materials: Same as those for channels and angles, except metal 

items may be stainless steel. 

6. Rated Strength: Selected to suit applicable load criteria. 

7. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

2.7 THERMAL HANGER-SHIELD INSERTS 

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

following: 

1. Buckaroos, Inc. 

2. Carpenter & Paterson, Inc. 

3. National Pipe Hanger Corporation. 

4. nVent (CADDY). 

5. Pipe Shields Inc. 

6. Piping Technology & Products, Inc. 

7. Rilco Manufacturing Co., Inc. 

8. Value Engineered Products, Inc. 

B. Insulation-Insert Material for Cold Piping: ASTM C552, Type II cellular glass with 100-psig  

or ASTM C591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive 

strength and vapor barrier. 

C. Insulation-Insert Material for Hot Piping: ASTM C552, Type II cellular glass with 100-psig 

or ASTM C591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive 

strength. 

D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe. 

E. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe. 

F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air 

temperature. 

2.8 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete, 

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

materials where used. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Hilti, Inc. 

b. ITW Ramset/Red Head; Illinois Tool Works, Inc. 

c. MKT Fastening, LLC. 

d. Simpson Strong-Tie Co., Inc. 

B. Mechanical-Expansion Anchors: Insert-wedge-type anchors, for use in hardened portland 

cement concrete, with pull-out, tension, and shear capacities appropriate for supported loads and 

building materials where used. 

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

following: 

a. Eaton (B-line). 

b. Empire Tool and Manufacturing Co., Inc. 

c. Hilti, Inc. 

d. ITW Ramset/Red Head; Illinois Tool Works, Inc. 

e. MKT Fastening, LLC. 

2. Indoor Applications: Zinc-coated steel. 

3. Outdoor Applications: Stainless steel. 

2.9 PIPE STANDS 

A. General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of 

manufactured corrosion-resistant components to support roof-mounted piping. 

B. Compact Pipe Stand: 

1. Description: Single base unit with integral-rod roller, pipe clamps, or V-shaped cradle to 

support pipe, for roof installation without membrane penetration. 

2. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 

3. Hardware: Galvanized steel or polycarbonate. 

4. Accessories: Protection pads. 

C. Low-Profile, Single-Base, Single-Pipe Stand: 

1. Description: Single base with vertical and horizontal members, and pipe support, for roof 

installation without membrane protection. 

2. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 

3. Vertical Members: Two galvanized-steel, continuous-thread, 1/2-inch rods. 

4. Horizontal Member: Adjustable horizontal, galvanized-steel pipe support channels. 

5. Pipe Supports: Roller or Strut clamps. 

6. Hardware: Galvanized steel. 

7. Accessories: Protection pads. 

8. Height: 12 inches above roof. 
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D. High-Profile, Single-Base, Single-Pipe Stand: 

1. Description: Single base, vertical and horizontal members, and pipe support, for roof 

installation without membrane penetration. 

2. Base: Single vulcanized rubber or molded polypropylene. 

3. Vertical Members: Two galvanized-steel, continuous-thread, 1/2-inch rods. 

4. Horizontal Member: One adjustable-height, galvanized-steel, pipe-support slotted 

channel or plate. 

5. Pipe Supports: Roller or Clevis hanger. 

6. Hardware: Galvanized steel. 

7. Accessories: Protection pads, 1/2-inch, continuous-thread, galvanized-steel rod. 

8. Height: 36 inches above roof. 

E. High-Profile, Multiple-Pipe Stand: 

1. Description: Assembly of bases, vertical and horizontal members, and pipe supports, for 

roof installation without membrane penetration. 

2. Bases: Two or more; vulcanized rubber or molded polypropylene. 

3. Vertical Members: Two or more, galvanized-steel channels. 

4. Horizontal Members: One or more, adjustable-height, galvanized-steel pipe support. 

5. Pipe Supports: Roller or Clevis hanger. 

6. Hardware: Galvanized steel. 

7. Accessories: Protection pads, 1/2-inch, continuous-thread rod. 

8. Height: 36 inches above roof. 

F. Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from structural-

steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof 

curb. 

2.10 PIPE-POSITIONING SYSTEMS 

A. Description: IAPMO PS 42 positioning system composed of metal brackets, clips, and straps for 

positioning piping in pipe spaces; for plumbing fixtures in commercial applications. 

2.11 EQUIPMENT SUPPORTS 

A. Description: Welded, shop- or field-fabricated equipment support made from structural-carbon-

steel shapes. 

2.12 MATERIALS 

A. Aluminum: ASTM B221. 

B. Carbon Steel: ASTM A1011/A1011M. 

C. Structural Steel: ASTM A36/A36M carbon-steel plates, shapes, and bars; black and galvanized. 
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D. Stainless Steel: ASTM A240/A240M. 

E. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 

and nonmetallic grout; suitable for interior and exterior applications. 

1. Properties: Nonstaining, noncorrosive, and nongaseous. 

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

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 

materials and installation, for penetrations through fire-rated walls, ceilings, and assemblies. 

B. Strength of Support Assemblies: Where not indicated, select sizes of components, so strength 

will be adequate to carry present and future static loads within specified loading limits. 

Minimum static design load used for strength determination shall be weight of supported 

components plus 200 lb. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, 

and attachments as required to properly support piping from building structure. 

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping of 

parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers. 

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

install intermediate supports for smaller-diameter pipes as specified for individual pipe 

hangers. 

2. Field fabricate from ASTM A36/A36M carbon-steel shapes selected for loads being 

supported. Weld steel according to AWS D1.1/D1.1M. 

C. Fiberglass Pipe-Hanger Installation: Comply with applicable portions of MSS SP-58. Install 

hangers and attachments as required to properly support piping from building structure. 

D.  Metal or Fiberglass Framing System Installation: Arrange for grouping of parallel runs of 

piping, and support together on field-assembled metal framing systems. 

E. Thermal Hanger-Shield Installation: Install in pipe hanger or shield for insulated piping. 

F. Fastener System Installation: 

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches thick 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. 
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2. Install mechanical-expansion anchors in concrete, after concrete is placed and completely 

cured. Install fasteners according to manufacturer's written instructions. 

G. Pipe Stand Installation: 

1. Pipe Stand Types, except Curb-Mounted Type: Assemble components and mount on 

smooth roof surface. Do not penetrate roof membrane. 

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and 

mount on permanent, stationary roof curb. See Section 077200 "Roof Accessories" for 

curbs. 

H. Pipe-Positioning-System Installation: Install support devices to make rigid supply and waste 

piping connections to each plumbing fixture. 

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

washers, and other accessories. 

J. Equipment Support Installation: Fabricate from welded-structural-steel shapes. 

K. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 

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

L. Install lateral bracing with pipe hangers and supports to prevent swaying. 

M. Install building attachments within concrete slabs or attach to structural steel. Install additional 

attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 

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

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

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

from movement will not be transmitted to connected equipment. 

O. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 

maximum pipe deflections allowed by ASME B31.9 for building services piping. 

P. Insulated Piping: 

1. Attach clamps and spacers to piping. 

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

insulation. 

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

insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 

piping. 

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

indicated. Fill interior voids with insulation that matches adjoining insulation. 
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a. Option: Thermal hanger-shield inserts may be used. Include steel weight-

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

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

shall span an arc of 180 degrees. 

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

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

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

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

b. NPS 4: 12 inches long and 0.06 inch thick. 

c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick. 

d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick. 

e. NPS 16 to NPS 24: 24 inches long and 0.105 inch thick. 

5. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation inserts of 

length at least as long as protective shield. 

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

3.3 EQUIPMENT SUPPORTS 

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

equipment above floor. 

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

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.4 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers 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/D1.1M procedures for shielded, metal arc welding; 

appearance and quality of welds; and methods used in correcting welding work; and with the 

following: 

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

resistance of base metals. 

2. Obtain fusion without undercut or overlap. 

3. Remove welding flux immediately. 

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

contours of welded surfaces match adjacent contours. 
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3.5 ADJUSTING 

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

indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 

3.6 PAINTING 

A. Touchup: Clean field welds and abraded, shop-painted areas. Paint exposed areas immediately 

after erecting hangers and supports. Use same materials as those used for shop painting. Comply 

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

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

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

galvanizing-repair paint to comply with ASTM A780/A780M. 

3.7 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 

equipment. 

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 

piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 

not have field-applied finishes. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing. 

E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers and metal framing 

systems and attachments for general service applications. 

F. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping 

and tubing. 

G. Use padded hangers for piping that is subject to scratching. 

H. Use thermal hanger-shield inserts for insulated piping and tubing. 

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

piping system Sections, install the following types: 

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

insulated, stationary pipes NPS 1/2 to NPS 30. 

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F pipes NPS 4 

to NPS 24, requiring up to 4 inches of insulation. 
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3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of 

pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation. 

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

NPS 24  if little or no insulation is required. 

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

center closure for hanger installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 

noninsulated, stationary pipes NPS 3/4 to NPS 8. 

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8. 

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

pipes NPS 1/2 to NPS 8. 

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

stationary pipes NPS 1/2 to NPS 8. 

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 8. 

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 3. 

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30. 

13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

contraction. 

14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-

pipe base stanchion support and cast-iron floor flange or carbon-steel plate. 

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 

with U-bolt to retain pipe. 

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

NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 

support and cast-iron floor flange. 

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, from two 

rods if longitudinal movement caused by expansion and contraction occurs. 

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

NPS 24, from single rod if horizontal movement caused by expansion and contraction 

occurs. 

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 

longitudinal movement caused by expansion and contraction occurs but vertical 

adjustment is unnecessary. 

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24  if small 

horizontal movement caused by expansion and contraction occurs and vertical adjustment 

is unnecessary. 

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

NPS 30 if vertical and lateral adjustment during installation, in addition to expansion and 

contraction, is required. 

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

Sections, install the following types: 

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

NPS 24. 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 

to NPS 24 if longer ends are required for riser clamps. 
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K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

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

2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations. 

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

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

building attachments. 

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

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

Sections, install the following types: 

1. Steel or Malleable-Concrete Inserts (MSS Type 18): For upper attachment to suspend 

pipe hangers from concrete ceiling. 

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

construction, to attach to top flange of structural shape. 

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

channels, or angles. 

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

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

considerable and rod sizes are large. 

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

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

flange edge. 

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

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

beams for heavy loads. 

10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 

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

structural steel. 

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

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

a. Light (MSS Type 31): 750 lb 

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

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

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 

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

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

horizontal movement where headroom is limited. 

M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

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

insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer 

to prevent crushing insulation. 
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3. Thermal Hanger-Shield Inserts: For supporting insulated pipe. 

N. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping 

system Sections, install the following types: 

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping movement. 

2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-

1/4 inches. 

3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41 roll hanger with 

springs. 

4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal 

expansion in piping systems. 

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load, and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from hanger. 

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load, and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load, and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

trapeze support. 

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress 

from one support to another support, critical terminal, or connected equipment. Include 

auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These 

supports include the following types: 

a. Horizontal (MSS Type 54): Mounted horizontally. 

b. Vertical (MSS Type 55): Mounted vertically. 

c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze member. 

O. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not 

specified in piping system Sections. 

P. Comply with MFMA-103 for metal framing system selections and applications that are not 

specified in piping system Sections. 

Q. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 

attachments where required in concrete construction. 

R. Use pipe-positioning systems in pipe spaces behind plumbing fixtures to support supply and 

waste piping for plumbing fixtures. 

END OF SECTION 220529 
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ECTION 22 05 53.02 

 

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. Identify by labels and tags the following items: 

 
1. Equipment such as electric water heaters, pumps and similar items. 

 
2. Piping exposed in equipment rooms or accessible service areas. 

 
3. Piping running above accessible ceiling construction. 

 
4. All shock absorbers, whether accessible or not. 

 
5. Trap primers, including description of what floor drains are served. 

 
B. Install laminated plastic nameplates for equipment, and stencils for piping. 

 
C. Install piping identification at MAXIMUM 25 FT. intervals. 

 
D. For piping systems not listed, verify with the Owner. 

 
1.02 ACCEPTABLE MANUFACTURERS 

 
A. Seton “Setmark” or approved equal by Brady, MSI, or Calpico. 

 
PART 2 PRODUCTS 

 
2.01 EQUIPMENT IDENTIFICATION 

 
A. Engraved laminated plastic nameplates, sized for 3/4 in. high letters or numbers, Gothic style. 

 
2.02 PIPING IDENTIFICATION 

 
A. Stencils. Letter size shall be as follows: 

 

OVERALL PIPE/INSULATION SIZE MINIMUM LETTER HEIGHT 

Up to 1-1/4 in. diameter 3/4 in. high 
1-1/2 in. to 2 in. diameter 1 in. high 
2-1/2 in. to 6 in. diameter 1-1/2 in. high 

 
2.03 IDENTIFICATION SCHEDULE 

 

A. Identify as follows: 
 

TYPE OF SERVICE 

 
BACKGROUND 

COLOR 

 
TEXT 

COLOR DESIGNATION 

Domestic Cold Water Green White DCW 
Domestic Hot Water (109 deg. F.) Yellow Black DHW-109 
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TYPE OF SERVICE 

BACKGROUND 

COLOR 

TEXT 

COLOR 

 

DESIGNATION 

Domestic Hot Water (140°F) Yellow Black DHW-140 
Domestic Hot Water Return (109°F) Yellow Black DHWR-109 
Sanitary Green White SAN 
Sanitary Vent Yellow Black V 
Gas Yellow Black GAS 
Compressed Air Yellow Black AIR 
Grease Yellow Black GRS 
Hydraulic Oil Yellow Black HYDOIL 
Motor Oil (15W40) Yellow Black MO(15W40) 
Motor Oil (5W20) Yellow Black MO(5W20) 

 
 
 
 

 
END OF SECTION 22 05 53.02 
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SECTION 22 05 54 

PLUMBING VALVE TAGGING 

PART 1 GENERAL 

 
1.01 DESCRIPTION 

 
A. Provide valve tags on all plumbing valves. EXCEPTION: Valves or stops serving only (1) 

plumbing fixture need not be tagged. Tags shall be stamped with service designation and 
numbered consecutively for each system. Attach to valves or as directed by the A/E. 

 
B. Prepare valve tag directory with charts showing locations, designations, and sizes of valves. 

Laminate under plastic and mount as directed by the A/E. Additional copies of valve charts 
shall be included in the Operating and Maintenance Manuals. 

 
1.02 ACCEPTABLE MANUFACTURERS 

 
A. Seton, Brady, MSI, or Calpico. 

 
PART 2 PRODUCTS 

 
2.01 TAGS 

 
A. 2 in. diameter, 19 ga., brass tag with brass jack chain. 1/4 in. high stamped letters over 1/2 in. 

high stamped numbers, both black-filled. 
 
2.02 IDENTIFICATION SCHEDULE 

 
A. Identify as follows: 

 
TYPE OF SERVICE VALVE TAG DESIGNATION 

Water Service W 
Domestic Cold Water DCW 
Domestic Hot Water (109 deg F.) DHW-109 
Domestic Hot Water Return (109 deg F.) DHWR-109 
Gas GAS 
Compressed Air AIR 

 
 
 
 

END OF SECTION 22 05 54 
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SECTION 22 07 19 

PLUMBING PIPING INSULATION 

PART 1 GENERAL 

 
1.01 DESCRIPTION 

 
A. Insulate the following items: 

 
1. Domestic cold water supply, domestic hot water supply and return piping, regardless of 

length or location. 

 
2. Domestic water supply and waste pipe under all lavatories and sink fixtures accessible 

to the handicapped. 
 

3. Trap primer drain lines. 

 
4. All sanitary vent piping within 10 ft. of an exterior wall or roof penetration. 

 
B. All exposed insulated piping and fittings, from floor up to 7 ft. 6 in. above floor, shall have a 

PVC cover applied over pipe insulation and solvent welded together. Material shall be same as 
PVC fitting covers. 

 
1.02 ACCEPTABLE MANUFACTURERS 

 
A. Owens Corning Fiberglas or approved equal by Schuller, Certainteed, Johns Manville, 

Armstrong, Rubatex, Imcoa, Manson, or Knauf. 

 
B. Manufacturer and Model Number listed under Part 2 shall be considered to be the Design Base 

Manufacturer and Model Number. Other Acceptable Manufacturers will be permitted, unless 
specifically excluded. 

 
1.03 ACTION SUBMITTALS 

 
A. Product data: For each type of product. 

 
PART 2 PRODUCTS 

 
2.01 PIPE INSULATION 

 
A. Indoor Piping: Owens Corning Fiberglas 25 ASJ/SSL/II. 1 piece, heavy duty, fiberglass 

insulation with all-purpose vapor barrier jacket of white kraft bonded to aluminum foil and 
reinforced with fiberglass yarn, longitudinal pressure-sensitive tape for sealing of lap joint, 0 
deg. F. to 800 deg. F. temperature rating. Insulation thicknesses: 

 
1. Domestic cold water, electric water cooler waste trap, above ground waste and vent, 

and above ground trap primer piping: 

 
a. 1 in. and smaller:  1/2 in. thick, minimum. 

 
b. 1 1/4 in. and larger:  1 in. thick, minimum. 

 
c. OPTION: 3/4 in. thick fire-rated Armaflex may be used in walls (not in chases). 

 
2. Below-ground trap primer piping: 3/4 in. thick fire-rated Armaflex. 

 
3. Domestic hot water and domestic hot water recirculating piping: 2 in. and smaller: 1 

in. thick, minimum. 
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B. In-Wall Piping Domestic Hot Water Pipe: Closed cell, foamed plastic, tubular, 1/2 in. minimum 
wall thickness, fire-rated, 220 deg. F. temperature rating. Pipe and joints shall be sealed with 
Manufacturer’s approved adhesive. 

 
1. Acceptable Manufacturers: Armstrong fire-rated “Armaflex,” Rubatex, or Imcoa. 
2. OPTION: Indoor pipe insulation, listed in Paragraph A above, may be used in walls. 

 
C. Pipe Fittings: 

 
1. Insulation: Owens Corning TIW 1. Wrapped 1 lb. density fiberglass blanket with 

reinforced foil and kraft vapor barrier facing or molded fiberglass segments with pre- 
molded, 1 piece PVC plastic covers. Wrapped fiberglass blanket shall be installed to 
same thickness as pipe insulation. 

 
2. Fitting insulation covers: Pre-molded, 1 piece PVC plastic covers, with maximum 25 

Flame Spread and 50 Smoke Developed ratings. Shall be listed and certified for 
installation in ceiling plenum spaces. 

 
a. Acceptable Manufacturers: Ceelco, Johns Manville, Knauf, Speedline, or Proco. 

 
D. Lavatories Accessible to Handicapped: This applies to P trap and hot and cold water supplies 

for handicapped lavatories and other lavatories in toilet rooms accessible to the handicapped. 
 

1. Offset P traps and angle stop/supply assemblies shall be insulated with smooth, 
abrasion-resistant vinyl plastisol exterior cover with 1/8 in. minimum thickness over 
cushioned foam insert. Attach pipe covering with nylon tie fasteners. Nylon tie 
fasteners shall remain substantially out of sight. 

 
2. Acceptable Manufacturers: Brocar Trap Wrap Protective Kit 500R, McQuire ProWrap, 

Truebro Lav Guard, or Plumberex Pro Series. 

 
2.02 PVC JACKET OVER PIPE INSULATION 

 
A. PVC jacket, 1 piece, solvent weld joints. 

 
2.03 MASTICS, ADHESIVES, AND FINISHES 

 
A. Mastics, adhesives, and finishes shall be approved for their intended use by the Insulation 

Manufacturers. 
 

B. Acceptable Manufacturers: Benjamin Foster, Vimasco, ICC, or Aerobol. 

 
C. Vegetable or wheat paste is prohibited. 

 
2.04 PIPE-INSULATING SUPPORT 

 
A. Piping 1 1/2 in. and Smaller: Provide 12 in. long, 18 ga. galvanized or stainless steel sheet 

metal half round piping shield inside clevis hanger. 
 

B. Piping 2 in. and Larger: Pre-compressed fiberglass load-bearing segment, integral fire- 
retardant vapor barrier jacket and saddle. 

 
1. Acceptable Manufacturers: Insul Coustic Co., Insul Shield, or Pipe Shield, Inc. 
2.  

PART 3 EXECUTION 
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3.01 PREPARATION 

A. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation 

application. 

B. Clean and prepare surfaces to be insulated. Before insulating, apply a corrosion coating to insulated 

surfaces as follows: 

1. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils (0.127 mm) thick and 

an epoxy finish 5 mils (0.127 mm) thick if operating in a temperature range of between 140 and 

300 deg F (60 and 149 deg C). Consult coating manufacturer for appropriate coating materials 

and application methods for operating temperature range. 

2. Carbon Steel: Coat carbon steel operating at a service temperature of between 32 and 300 deg F 

(0 and 149 deg C) with an epoxy coating. Consult coating manufacturer for appropriate coating 

materials and application methods for operating temperature range. 

C. Coordinate insulation installation with the tradesman installing heat tracing. Comply with requirements 

for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless 

steel surfaces, use demineralized water. 

 

3.02 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of 

voids throughout the length of piping, including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses required for 

each item of pipe system, as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. Install accessories 

that do not corrode, compress, or otherwise damage insulation or jacket. 

D. Install insulation with longitudinal seams at top and bottom (12 o'clock and 6 o'clock positions) of 

horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

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

3.03 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials, except where more specific 

requirements are specified in various pipe insulation material installation articles below. 

E. Insulation Installation on Fittings, Valves, Strainers, Flanges, Mechanical Couplings, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, mechanical couplings, unions, and other 

specialties with continuous thermal and vapor-retarder integrity unless otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation made from same material and density as 

that of adjacent pipe insulation. Each piece shall be butted tightly against adjoining piece and 

bonded with adhesive. Fill joints, seams, voids, and irregular surfaces with insulating cement 

finished to a smooth, hard, and uniform contour that is uniform with adjoining pipe insulation. 
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3. Insulate tee fittings with preformed fitting insulation of same material and thickness as that used 

for adjacent pipe. Cut sectional pipe insulation to fit. Butt each section closely to the next and 

hold in place with tie wire. Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation of same material, density, and thickness as that 

used for adjacent pipe. Overlap adjoining pipe insulation by not less than 2 times the thickness of 

pipe insulation, or one pipe diameter, whichever is thicker. For valves, insulate up to and 

including the bonnets, valve stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular 

surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation of same material, density, and thickness as 

used for adjacent pipe. Overlap adjoining pipe insulation by not less than 2 times the thickness of 

pipe insulation, or one pipe diameter, whichever is thicker. Fill joints, seams, and irregular 

surfaces with insulating cement. Insulate strainers, so strainer basket flange or plug can be easily 

removed and replaced without damaging the insulation and jacket. Provide a removable reusable 

insulation cover. For below-ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges, mechanical couplings, and unions, using a section of oversized preformed pipe 

insulation. Overlap adjoining pipe insulation by not less than 2 times the thickness of pipe 

insulation, or one pipe diameter, whichever is thicker. Stencil or label the outside insulation 

jacket of each union with the word "union" matching size and color of pipe labels. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic. 

Install vapor-barrier mastic for below-ambient services and a breather mastic for above-ambient 

services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the mastic to a smooth and 

well-shaped contour. 

8. For services not specified to receive a field-applied jacket, except for flexible elastomeric and 

polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions. 

Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation facing, using PVC 

tape. 

F. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test 

connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape insulation at 

these connections by tapering it to and around the connection with insulating cement and finish with 

finishing cement, mastic, and flashing sealant. 

G. Install removable insulation covers at locations indicated. Installation shall conform to the following: 

1. Make removable flange and union insulation from sectional pipe insulation of same thickness as 

that on adjoining pipe. Install same insulation jacket as that of adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend insulation from 

flanges or union at least 2 times the insulation thickness over adjacent pipe insulation on each 

side of flange or union. Secure flange cover in place with stainless steel or aluminum bands. 

Select band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, except divide the 

two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting of mitered blocks 

wired to stainless steel fabric. Secure this wire frame, with its attached insulation, to flanges with 

tie wire. Extend insulation at least 2 inches (50 mm) over adjacent pipe insulation on each side of 

valve. Fill space between flange or union cover and pipe insulation with insulating cement. Finish 

cover assembly with insulating cement applied in two coats. After first coat is dry, apply and 

trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces with a 

metal jacket. 
 

 
END OF SECTION 22 07 19 
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SECTION 22 11 16 

DOMESTIC WATER PIPING 

PART 1 GENERAL 

 
1.01 DESCRIPTION 

 
A. Connect to water service line above floor slab where shown on Drawings. 

 
B. Contractor shall provide site water service line. 

 
C. Provide a complete system of domestic hot water and cold water piping to fixtures and 

equipment where shown on Drawings. 

 
D. Sterilize complete domestic water system. 

 
E. Install backflow preventer on domestic water supply line where shown. 

 
F. Provide 3/4 in. valved branches on water service at point of entry into building, just past main 

backflow preventer and at the beginning of each branch, for injecting chlorine for sterilization. 

 
G. Test complete system. 
 

1.02 ACTION SUBMITTALS 
 
A. Product data. 
B. System purging and disinfecting activities report. 

 
1.03 QUALITY ASSURANCE 

A. Installer Qualifications: Installers of pressure-sealed joints are to be certified by pressure-seal joint 

manufacturer as having been trained and qualified to join piping with pressure-seal pipe couplings and 

fittings. 
 

 
PART 2 PRODUCTS 

 
2.01 WATER PIPING 

 
A. Above Ground: Type “L” hard drawn copper tubing with wrought or forged copper solder 

fittings (ASTM B88). OPTIONS: Copper press fittings or “T Drill” mechanically formed 
connections, and brazed joints. 

 
B. Piping in Earth and Under Slab: 

 
1. 2 1/2 in. and smaller: Type “K” soft copper (ASTM B88), wrought copper fitting, and 

brazed joints. 

 
a. Acceptable Manufacturers: Clow “Super Bell-Tite” or approved equal by 

American Cast Iron Pipe Company or U. S. Pipe & Foundry. 

 
C. Trap Primer Drain Piping: Type “K” soft copper (ASTM B88), wrought copper fitting, and 

brazed joints. 

 
D. Copper press fittings with smart connect feature shall conform to the material and sizing 

requirements of ASME B16.18 or B16.22. O rings for copper press fittings shall be of EPDM 
construction. 
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E. Pressure washer water piping: provide hydraulic tubing, SAE j-525, seamless (or electric 
welded) low carbon steel tubing, 1010-1020 alloy, annealed soft, 5,000 psig minimum 
operating pressure. Minimum wall thickness shall be 5/8” – 0.083” wall, ¾” – 0.095” wall, 1” – 
0.12 wall. Fittings shall be compatible with the pipe with similar characteristics. 

 
2.02 SOLDER AND BRAZING ALLOYS 

 
A. Solder: 95 5 tin-antimony, lead free. 

1. Acceptable Manufacturers: Engelhard “Silvabrite 100,” J. W. Harris Co. “Bridgit,” or 
Oatey. 

 
B. Copper Brazing Alloys: Silver/phosphorous or silver/zinc alloys having a melting point greater 

than 1,000 deg. F. (ANSI B31.1 and AWS A58). 
 

1. Acceptable Manufacturers: Handy Harman Sil Fos, Airco Welding Products Aircosil, or 
ESAB Allstate. 

 
C. Certify that solder and brazing used for entire piping system is lead-free. 

 
 

 
PART 3 EXECUTION 
 
3.01 INSTALLATION OF PIPING 

 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
domestic water piping. Indicated locations and arrangements are used to size pipe and 
calculate friction loss, expansion, and other design considerations. Install piping as 
indicated unless deviations to layout are approved on coordination drawings 

B. Install copper tubing under building slab in accordance with CDA's "Copper Tube Handbook." 

C. Install ductile-iron piping under building slab with restrained joints in accordance with 

AWWA C600 and AWWA M41. 

D. Install underground copper tube and ductile-iron pipe in PE encasement in accordance with 

ASTM A674 or AWWA C105/A21.5. 

E. Install valves in accordance with Section 220523 "General-Duty Valves for Plumbing Piping." 

F. Install water-pressure-reducing valves downstream from shutoff valves. Comply with 

requirements for pressure-reducing valves in Section 221119 "Domestic Water Piping 

Specialties." 

G. Install domestic water piping level without pitch and plumb. 

H. Rough-in domestic water piping for water-meter installation in accordance with utility 

company's requirements. 

I. nstall piping concealed from view and protected from physical contact by building occupants 

unless otherwise indicated and except in equipment rooms and service areas. 

J. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 

angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 

otherwise. 
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K. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and 

coordinate with other services occupying that space. 

L. Install piping to permit valve servicing. 

M. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher 

than the system pressure rating used in applications below unless otherwise indicated. 

N. Install piping free of sags and bends. 

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

P. Install PEX tube with loop at each change of direction of more than 90 degrees. 

Q. Install unions in copper tubing at final connection to each piece of equipment, machine, and 

specialty. 

R. Install pressure gauges on suction and discharge piping for each plumbing pump and packaged 

booster pump. Comply with requirements for pressure gauges in Section 220500 "Common 

Work Results for Plumbing." 

S. Install thermostats in hot-water circulation piping. Comply with requirements for thermostats in 

Section 221123.21 "Inline, Domestic Water Pumps." 

T. Install thermometers on outlet piping from each water heater. Comply with requirements for 

thermometers in Section 220500 "Common Work Results for Plumbing." 

U. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements 

for sleeves specified in Section 220500 "Common Work Results for Plumbing." 

V. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 

requirements for sleeve seals specified in Section 220500 "Common Work Results for 

Plumbing." 

W. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 

requirements for escutcheons specified in Section 220500 "Common Work Results for 

Plumbing." 
 

3.02 INSTALLATION OF PIPING 
 

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

B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before 

assembly. 

C. Threaded Joints: Thread pipe with tapered pipe threads in accordance with ASME B1.20.1. Cut threads 

full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe 

fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads. 

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

D. Brazed Joints for Copper Tubing: Comply with CDA's "Copper Tube Handbook," "Brazed Joints" 

chapter. 
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E. Soldered Joints for Copper Tubing: Apply ASTM B813, water-flushable flux to end of tube. Join 

copper tube and fittings in accordance with ASTM B828 or CDA's "Copper Tube Handbook." 

F. Pressure-Sealed Joints for Copper Tubing: Join copper tube and pressure-seal fittings with tools and 

procedure recommended by pressure-seal-fitting manufacturer. Leave insertion marks on pipe after 

assembly. 

G. Push-on Joints for Copper Tubing: Clean end of tube. Measure insertion depth with manufacturer's 

depth gage. Join copper tube and push-on joint fittings by inserting tube to measured depth. 

H. Extruded-Tee Connections: Form tee in copper tube in accordance with ASTM F2014. Use tool 

designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form seating stop, and 

braze branch tube into collar. 

I. Joint Construction for Grooved-End Copper Tubing: Make joints in accordance with AWWA C606. 

Roll groove ends of tubes. Lubricate and install gasket over ends of tubes or tube and fitting. Install 

coupling housing sections over gasket with keys seated in tubing grooves. Install and tighten housing 

bolts. 

J. Joint Construction for Grooved-End, Ductile-Iron Piping: Make joints in accordance with 

AWWA C606. Cut round-bottom grooves in ends of pipe at gasket-seat dimension required for 

specified (flexible or rigid) joint. Lubricate and install gasket over ends of pipes or pipe and fitting. 

Install coupling housing sections over gasket with keys seated in piping grooves. Install and tighten 

housing bolts. 

K. Joint Construction for Grooved-End Steel Piping: Make joints in accordance with AWWA C606. Roll 

groove ends of pipe as specified. Lubricate and install gasket over ends of pipes or pipe and fitting. 

Install coupling housing sections over gasket with keys seated in piping grooves. Install and tighten 

housing bolts. 

L. Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size, type, and thickness 

suitable for domestic water service. Join flanges with gasket and bolts in accordance with 

ASME B31.9. 

M. Joint Construction for Solvent-Cemented Plastic Piping: Clean and dry joining surfaces. Join pipe and 

fittings in accordance with the following: 

1. Comply with ASTM F402 for safe-handling practice of cleaners, primers, and solvent cements. 

Apply primer. 

2. CPVC Piping: Join in accordance with ASTM D2846/D2846M. 

3. PVC Piping: Join in accordance with ASTM D2855. 

N. Joints for PEX Tubing, ASTM: Join in accordance with ASTM F1807 for metal insert and copper 

crimp ring fittings and ASTM F1960 for cold expansion fittings and reinforcing rings. 

O. Joints for PEX Tubing, ASSE: Join in accordance with ASSE 1061 for push-fit fittings. 

P. Joints for Dissimilar-Material Piping: Make joints using adapters compatible with materials of both 

piping systems. 

3.03 INSTALLATION OF TRANSITION FITTINGS 

A. Install transition couplings at joints of dissimilar piping. 

B. Transition Fittings in Underground Domestic Water Piping: 
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1. Fittings for NPS 1-1/2 (DN 40) and Smaller: Fitting-type coupling. 

2. Fittings for NPS 2 (DN 50) and Larger: Sleeve-type coupling. 

C. Transition Fittings in Aboveground Domestic Water Piping NPS 2 (DN 50) and Smaller: Plastic-to-

metal transition fittings or unions. 

3.04 INSTALLATION OF DIELECTRIC FITTINGS 

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing. 

B. Dielectric Fittings for NPS 2 (DN 50) and Smaller: Use dielectric nipples. 

C. Dielectric Fittings for NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Use dielectric flange kits. 

D. Dielectric Fittings for NPS 5 (DN 125) and Larger: Use dielectric flange kits. 

3.05 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements for seismic-restraint devices specified in Section 220548 "Vibration and 

Seismic Controls for Plumbing Piping and Equipment." 

B. Comply with requirements for hangers, supports, and anchor devices in Section 220529 "Hangers and 

Supports for Plumbing Piping and Equipment." 

C. Install hangers for copper and stainless steel tube and pipe, with maximum horizontal spacing and 

minimum rod diameters, to comply with MSS SP-58, locally enforced codes, and authorities 

having jurisdiction requirements, whichever are most stringent. 

D. Install vinyl-coated hangers for PVC pipe, with maximum horizontal spacing and minimum rod 

diameters, to comply with manufacturer's written instructions, locally enforced codes, and 

authorities having jurisdiction requirements, whichever are most stringent. 

E. Install vinyl-coated hangers for PEX tube, with maximum horizontal spacing and minimum rod 

diameters, to comply with manufacturer's written instructions, locally enforced codes, and 

authorities having jurisdiction requirements, whichever are most stringent. 

F. Support horizontal piping within 12 inches (300 mm) of each fitting. 

G. Support vertical runs of copper and stainless steel tube and pipe to comply with MSS SP-58, locally 

enforced codes, and authorities having jurisdiction requirements, whichever are most stringent. 

H. Support vertical runs of PVC pipe to comply with manufacturer's written instructions, locally enforced 

codes, and authorities having jurisdiction requirements, whichever are most stringent. 

I. Support vertical runs of PEX tube to comply with manufacturer's written instructions, locally enforced 

codes, and authorities having jurisdiction requirements, whichever are most stringent. 

3.06 PIPING CONNECTIONS 
 

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

B. When installing piping adjacent to equipment and machines, allow space for service and maintenance. 
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C. Connect domestic water piping to exterior water-service piping. Use transition fitting to join dissimilar 

piping materials. 

D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect to the 

following: 

1. Domestic Water Booster Pumps: Cold-water suction and discharge piping. 

2. Water Heaters: Cold-water inlet and hot-water outlet piping in sizes indicated, but not smaller 

than sizes of water heater connections. 

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

that required by plumbing code. 

4. Equipment: Cold- and hot-water-supply piping as indicated, but not smaller than equipment 

connections. Provide shutoff valve and union for each connection. Use flanges instead of unions 

for NPS 2-1/2 (DN 65) and larger. 

3.07 IDENTIFICATION 

A. Identify system components. Comply with requirements for identification materials and installation in 

Section 220553 "Identification for Plumbing Piping and Equipment." 

3.08 CLEANING 

A. Clean and disinfect potable domestic water piping as follows: 

1. Purge new piping and parts of existing piping that have been altered, extended, or repaired before 

using. 

2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if methods 

are not prescribed, use procedures described in either AWWA C651 or AWWA C652 or follow 

procedures described below: 

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

b. Fill and isolate system in accordance with either of the following: 

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

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

ii. Fill system or part thereof with water/chlorine solution with at least 200 ppm (200 

mg/L) of chlorine. Isolate and allow to stand for three hours. 

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

after the standing time. 

d. Repeat procedures if biological examination shows contamination. 

e. Submit water samples in sterile bottles to authorities having jurisdiction. 

B. Clean non-potable domestic water piping as follows: 

1. Purge new piping and parts of existing piping that have been altered, extended, or repaired before 

using. 

2. Use purging procedures prescribed by authorities having jurisdiction or; if methods are not 

prescribed, follow procedures described below: 

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

b. Submit water samples in sterile bottles to authorities having jurisdiction. Repeat 

procedures if biological examination shows contamination. 
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C. Prepare and submit reports of purging and disinfecting activities. Include copies of water-sample 

approvals from authorities having jurisdiction. 

D. Clean interior of domestic water piping system. Remove dirt and debris as work progresses. 

 

3.09 ADJUSTING 

A. Perform the following adjustments before operation: 

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

2. Open shutoff valves to fully open position. 

3. Open throttling valves to proper setting. 

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

a. Manually adjust ball-type balancing valves in hot-water-circulation return piping to 

provide hot-water flow in each branch. 

b. Adjust calibrated balancing valves to flows indicated. 

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

installation. 

6. Remove and clean strainer screens. Close drain valves and replace drain plugs. 

7. Remove filter cartridges from housings and verify that cartridges are as specified for application 

where used and are clean and ready for use. 

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

3.10 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Piping Inspections: 

a. Do not enclose, cover, or put piping into operation until it has been inspected and 

approved by authorities having jurisdiction. 

b. During installation, notify authorities having jurisdiction at least one day before inspection 

must be made. Perform tests specified below in presence of authorities having jurisdiction: 

c. Roughing-in Inspection: Arrange for inspection of piping before concealing or closing in 

after installation and before setting fixtures. 

d. Final Inspection: Arrange for authorities having jurisdiction to observe tests specified in 

"Piping Tests" Subparagraph and to ensure compliance with requirements. 

e. Reinspection: If authorities having jurisdiction find that piping will not pass tests or 

inspections, make required corrections and arrange for reinspection. 

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

jurisdiction. 

2. Piping Tests: 

a. Fill domestic water piping. Check components to determine that they are not air bound and 

that piping is full of water. 

b. Test for leaks and defects in new piping and parts of existing piping that have been altered, 

extended, or repaired. If testing is performed in segments, submit a separate report for 

each test, complete with diagram of portion of piping tested. 
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c. Leave new, altered, extended, or replaced domestic water piping uncovered and 

unconcealed until it has been tested and approved. Expose work that was covered or 

concealed before it was tested. 

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

pressure, without exceeding pressure rating of piping system materials. Isolate test source 

and allow it to stand for four hours. Leaks and loss in test pressure constitute defects that 

must be repaired. 

e. Hydrostatic testing and documentation of test results for polypropylene (PP-R and PP-

RCT) pipe to be in accordance with manufacturer's written instructions and submitted to 

manufacturer upon successful completion per warranty requirements. 

f. Repair leaks and defects with new materials, and retest piping or portion thereof until 

satisfactory results are obtained. 

g. Prepare reports for tests and for corrective action required. 

B. Domestic water piping will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

 
 

END OF SECTION 22 11 16 
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SECTION 22 11 19 

DOMESTIC WATER PIPING SPECIALTIES 

PART 1 GENERAL 

 

1.01 DESCRIPTION 

 

A. Provide plumbing piping specialties or accessories as shown or required to complete the 

installation of all plumbing systems installed on this Project. 

 

1.02 ACTION SUBMITTALS 

 

A. Product Data: For each type of product. 

 

1.03 CLOSEOUT SUBMITTALS 

 

A. Operation and maintenance data. 

 

PART 2 PRODUCTS 

 

2.01 THERMOMETERS 

 

A. Trerice “Industrial Type.” Blue reading, organic liquid, 9 in. scale, cast aluminum, epoxy 

powder-coated case, front double-strength window, straight or adjustable angle pattern, brass 

separable well, range of 30 deg. F. to 180 deg. F. Provide insulation extension. 

 

B. Other Acceptable Manufacturers: Approved equal by Weiss, Ashcroft, Marsh, 

Weksler, Winters, or Marshalltown. 

 

2.02 BACKFLOW PREVENTERS 

 

A. BFP 1, 2 1/2 in. and above: Zurn-Wilkins Model 375OSYFSC. Suitable for continuous 

pressure, inlet and outlet OS&Y gate valves, inlet strainer, test cocks, differential pressure relief 

valve with ASME A112.1.2 air gap fitting between (2) independently operated check valves. 

Entire assembly coated inside and outside with FDA-approved epoxy material 

 

B. BFP 2, Brine Maker Water Service: Watts Series 909M1QT-S. Reduced pressure dual 

checks, inlet and outlet bronze ball valves, with strainer, air gap drain funnel, line size. 

 

C. BFP 5, Ice Machine: Watts Series 7. Continuous pressure type, bronze body, stainless steel 

springs, double-check valve assembly, FDA approved, 3/8 in. size. 

 

D. Other Acceptable Manufacturers: Approved equal by Ames Co., CMB Industries, Febco 

Backflow Preventers, Hersey Products, Conbraco Industries, or Watts Regulator Co. 

 

E. Other Acceptable Manufacturers: Approved equal by Ames Co., CMB Industries, Febco 

Backflow Preventers, Conbraco Industries, or Watts. 

 

F. Refer to Fixture and Equipment Branch Size Schedule on Drawings for sizes and applications. 

 

G. Backflow Preventer Manufacturer and Model shall be on the list of accepted equipment 

published by the U. S. Public Health Service. 

 

H. Note: Before ordering, obtain approval from the Local Water Utility for the specific type 
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and model of backflow preventer to be used. 

 

I. Backflow preventers shall be serviceable without requiring removal from piping. 

 

J. Backflow preventers shall have a permanently attached plate indicating type and listing 

approvals. 

 

K. Provide ball valve ahead of strainer on inlet side of backflow preventer assembly. 

2.03 SHOCK ABSORBERS 

 

A. Wade “Shokstops.” (ASSE Standard 1010, PDI WH201) shock absorbers (water hammer 

arresters). Sizes as shown on the Drawings. 

 

1. SA A: 3/4 in. pipe. 1 to 11 fixture units. 

 

2. SA B:  1 in. pipe.  12 to 32 fixture units. 

 

3. SA C:  1 in. pipe.  33 to 60 fixture units. 

 

B. Other Acceptable Manufacturers: Approved equal by Zurn, J. R. Smith, Josam, Watts, Sioux 

Chief, or Precision Products. 

 

C. As an option, air chambers may be used. Size of air chambers shall be (1) size larger than 

supply line and a minimum of 2 ft. in length. 

 

D. Provide shock absorbers at all locations as required to reduce water hammer. 

 

2.04 STRAINERS 

 

A. Watts Model 777S. 1/2 in. to 3 in., Y pattern, bronze body, threaded, #20 mesh stainless steel 

screen, 200 PSI WOG. 

 

B. Other Acceptable Manufacturers: Approved equal by Spirax/Sarco, Armstrong, or Hoffman. 

 

2.05 EXTERIOR WALL HYDRANTS 

 

A. WH 1: J. R. Smith “Quarterhorse” Model 5509QT, with bronze faucet face, locking box and 

cover, freeze resistant faucet, bronze casing, self draining, integral vacuum breaker, 3/4 in. size 

hose connection, length as required. Provide loose key with each hydrant. (ASSE Standard 

1019.) 

 

B. Other Acceptable Manufacturers: Approved equal by Josam, Wade, Woodford, or Zurn. 

 

2.06 INTERIOR HOSE BIBBS 

 

A. HB 1: Watts Model SC 8. Hose bibbs shall have exposed domestic cold water supply, bronze 

body 3/4 in. NPT male threaded inlet, hex shoulder, tee handle, 3/4 in. male hose threaded 

outlet. 

 

1. Hose connection vacuum breakers: (ASSE Standard 1011) Watts Model 8A. 3/4 in. 

hose threaded female inlet x 3/4 in. hose threaded male outlet connection. 

 

2. Other Acceptable Hose Bibb Manufacturers: Approved equal by Chicago Faucet, T & 

S Brass, or Woodford. 
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B. Hose bibbs shall have integral nonremovable vacuum breakers and shall be furnished as 

follows: 

 

1. Supply: 

 

a. Concealed: Nibco #763CL with vacuum breaker on outlet, brass finish. 

 

b. Exposed: Nibco #74 with vacuum breaker on outlet, brass finish. 

c. Other Acceptable Manufacturers: Approved equal by Chicago Faucet, T & S 

Brass, Watts, or Woodford. 

 

2.07 TRAP PRIMERS 

 

A. TP 1: Precision Plumbing Products “Prime Rite,” Model No. PO 500 (ASSE Standard 

1018). Brass housing nonadjustable flow control valve. Provide distribution unit listed 

below. Units shall adjust automatically to line pressure and flow. 

 

1. Model No. DU 2 for (2) floor drains. 

 

2. Model No. DU 3 for (3) floor drains. 

 

3. Model No. DU 4 for (4) floor drains. 

 

B. Other Acceptable Manufacturers: Approved equal by Mifab, Wade, Watts, or Zurn. 

 

2.08 POST HYDRANT 

 

A. PH 1: J. R. Smith Model 5914 AG. Post-type, freeze-resistant, bronze casing with cast 

aluminum casing guard, all-bronze interior parts, bronze seat and replaceable seat washer, 2 

in. NPT connections, “T” handle operation, 1/8 in. drain port, 2 in. hose outlet, 4 ft. bury. 

Unit shall be approved by Local Health Department and Ohio EPA. 

 

B. Other Acceptable Manufacturers: Approved equal by Wade, Woodford, or Zurn. 

 

2.09 PRESSURE GAUGES 

 

A. Weiss 4PGA 1. Standard single Bourdon tube, black die cast aluminum case, 4 1/2 in. 

diameter dial, chrome removable slip ring, gauge cock and pigtail, ±1% accuracy. Range shall 

be approximately 50% in excess of maximum pressure anticipated. Provide gauge cock. 

 

B. Other Acceptable Manufacturers: Approved equal by Trerice, Marsh, Weksler, 

Marshalltown, or Ashcroft. 

 

C. Provide spare gauge. 

 

 

PART 3 EXECUTION 

 

3.01 INSTALLATION OF PIPING SPECIALTIES 

A. Backflow Preventers: Install in each water supply to mechanical equipment and systems and to other 

equipment and water systems that may be sources of contamination. Comply with authorities having 

jurisdiction. 

1. Locate backflow preventers in same room as connected equipment or system. 
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2. Install drain for backflow preventers with atmospheric-vent drain connection with air-gap fitting, 

fixed air-gap fitting, or equivalent positive pipe separation of at least two pipe diameters in drain 

piping and pipe-to-floor drain. Locate air-gap device attached to or under backflow preventer. 

Simple air breaks are unacceptable for this application. 

3. Do not install bypass piping around backflow preventers. 

B. Water Regulators: Install with inlet and outlet shutoff valves.  Install pressure gauges on inlet and outlet. 

C. Balancing Valves: Install in locations where they can easily be adjusted. Set at indicated design flow 

rates. 

D. Temperature-Actuated, Water Mixing Valves: Install with check stops or shutoff valves on inlets and 

with shutoff valve on outlet. 

1. Install cabinet-type units recessed in or surface mounted on wall as specified. 

 

E. Y-Pattern Strainers: For water, install on incoming water service. 

F. Water-Hammer Arresters: Install in water piping in accordance with PDI-WH 201. 

G. Supply-Type, Trap-Seal Primer Device: Install with outlet piping pitched down toward drain trap a 

minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust valve for proper 

flow. 

H. Drainage-Type, Trap-Seal Primer Device: Install as lavatory trap with outlet piping pitched down toward 

drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. 

 

3.02 PIPING CONNECTIONS 

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

B. When installing piping specialties adjacent to equipment and machines, allow space for service and 

maintenance. 

 

3.03 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with 

NFPA 70 and NECA 1. 

 

3.04 CONTROL CONNECTIONS 

A. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power Cables." 

 

3.05 IDENTIFICATION 

A. Plastic Labels for Equipment: Install engraved plastic-laminate equipment nameplate or sign on or near 

each of the following: 

1. Backflow preventers. 

2. Water pressure-reducing valves. 

3. Balancing valves. 

4. Temperature-actuated, water mixing valves. 
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3.06 ADJUSTING 

A. Set field-adjustable pressure set points of water pressure-reducing valves. 

B. Set field-adjustable flow set points of balancing valves. 

C. Set field-adjustable temperature set points of temperature-actuated, water mixing valves. 

D. Adjust each reduced-pressure-principle backflow preventer in accordance with manufacturer's written 

instructions, authorities having jurisdiction and the device's reference standard. 

 

3.07 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Perform the following tests and inspections. 

1. Test each reduced-pressure-principle backflow preventer according to authorities having jurisdiction 

and the device's reference standard. 

2. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no leaks 

exist. 

3. Operational Test: After electrical circuitry has been energized, start units to confirm unit operation. 

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

C.     Domestic water piping specialties will be considered defective if they do not pass tests and 

inspections. 

D. Prepare test and inspection reports 

 

END OF SECTION 22 11 19 
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SECTION 22 11 24 

FACILITY NATURAL GAS 

PIPING 

PART 1 GENERAL 

 

1.01 DESCRIPTION 

 

A. Provide a complete system of interior low-pressure natural gas piping and valves for 

equipment, and provide final connection. Distribution system pressure shall be 14 in. water 

column. 

 

B. Connect to outlet of gas meter regulator outside building wall where shown on Drawings, 

run next to building wall, and enter building at approximately 18 in. above finish floor 

through waterproof pipe sleeve. 

 

C. Connect to site gas service line 5 ft. outside building foundation wall where shown 

on Drawings. Provide site gas service line. 

 

D. Extend and connect piping to gas-fired equipment where shown on Drawings. 

 

E. Extend and connect to building gas piping system where shown on Drawings. 

 

F. Provide approved flexible connectors for radiant heaters, back-up generator, and each furnace. 

 

G. Provide equipment gas regulators, if needed, past the shut-off valve. 

 

H. Test complete system. 

 

1.02 ACTION SUBMITTALS 

A. Product Data: 

• Piping specialties. 

• Corrugated, stainless steel tubing with associated components. 

• Valves. Include pressure rating, capacity, settings, and electrical 

connection data of selected models. 

• Pressure regulators. Indicate pressure ratings and capacities. 

B. Dielectric fittings. 

 

1.03 CLOSEOUT SUBMITTALS 

 

A. Operation and maintenance data. 

 

1.04 PROJECT CONDITIONS 

 

A. Perform site survey, research public utility records, and verify existing utility locations. Contact 

utility-locating service for area where Project is located 

 

PART 2 PRODUCTS 

 

2.01 GAS PIPING 
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A. Above Ground and in Building: Standard weight, Schedule 40, welded, plain end, wrought 

steel pipe and fittings (ANSI B36.10), welded joints with backing rings. Threaded 125 PSI 

malleable iron fittings are permitted on piping 4 in. and smaller, if less than 5 PSI pressure, 

except in return air ceiling plenums, and where dropping in walls.  Mechanical cold press 

fittings with EPDM seal are permitted on piping 2-1/2” and smaller, if less than 5 PSI 

pressure. 

 

B. Optional: Corrugated stainless steel tubing, flexible (ASTM A240), 125 PSI. Maximum 

operating pressure shall be 5 PSI. Use only fittings associated with corrugated stainless steel 

tubing. 

 

1. Acceptable Manufacturers: Titeflex “Gastite” or Omegaflex “Tracpipe.” 

 

2.02 LUBRICATED PLUG VALVES (SEE OPTION FOR BALL VALVE) 

 

A. 1 in. to 2 in.: 150 lb. SWP (200 lb. WOG), semi-steel body, threaded ends with TFE stem seal 

and seat, square stem, and permanently attached lever handle. 

 

1. Acceptable Manufacturers: Homestead Fig. 611, Powell Fig. 2200, Rockwell 142, 

or Nordstrom 142. 

 

B. 2 1/2 in. and Larger: 150 lb. SWP (200 lb. WOG), semi-steel body, flanged ends with 

TFE stem seal and seat, square stem, wrench-operated. Furnish wrench. 

1. Acceptable Manufacturers: Homestead Fig. 612, Powell Fig. 2201, Rockwell 143, 

or Nordstrom 143. 

 

C. Each type of valve shall be by same Manufacturer. 

 

2.03 BALL VALVES 

 

A. Refer to Section 22 05 23 for acceptable Manufacturers and Model numbers. 

 

2.04 BUTTERFLY VALVES (PERMITTED IN LIEU OF PLUG VALVES 2 IN. AND SMALLER) 

 

A. Milwaukee “Butterball,” Model BB2 100. 175 lb. SWP, bronze body, viton seat, threaded 

ends, stainless steel disc and stem, and lever handle. 

 

B. Other Acceptable Manufacturers: Approved equal by Watts, Apollo, or Nibco. 

 

C. Each type of valve shall be by same Manufacturer. 

 

2.05 PRESSURE REGULATORS (IF NEEDED) 

 

A. (ANSI Z21.18) Sensus. Relief valve and zero governor. Size and capacity as required by 

equipment. 

 

B. Other Acceptable Manufacturers: American, Emro, or Sprague. 

 

 

2.06 MECHANICAL COLD PRESS FITTINGS 

 

A. Viega, carbon steel with corrosion-resistant zinc nickel coating, EPDM sealing element, 

420 stainless steel grip ring, 304 stainless steel separating ring.  Operating pressure 200 
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psi max.   

 

B. Other Acceptable Manufacturers: NIBCO, Apollo, Mueller. 

 

 

PART 3 – EXECUTION 

 

3.01 PREPARATION 

A. Close equipment shutoff valves before turning off natural gas to premises or piping section. 

B. Inspect natural-gas piping in accordance with the International Fuel Gas Code to determine that natural-

gas utilization devices are turned off in piping section affected. 

C. Comply with the International Fuel Gas Code requirements for preventing accidental ignition. 

 

3.02 INSTALLATION OF OUTDOOR PIPING 

 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping 

B. Install underground, natural-gas piping buried at least 36 inches (900 mm) below finished grade. 

Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and 

backfilling. 

1. If natural-gas piping is installed less than 36 inches (900 mm) below finished grade, 

install it in containment conduit. 

C. Install underground, PE, natural-gas piping in accordance with ASTM D2774. 

D. Steel Piping with Protective Coating 

1. Apply joint cover kits to pipe after joining to cover, seal, and protect joints. 

2. Repair damage to PE coating on pipe as recommended in writing by protective coating 

manufacturer. 

3. Replace pipe having damaged PE coating with new pipe. 

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

F. Install pressure gauge downstream from each service regulator. Pressure gauges are specified in 

Section 230500 "Common Work Results for HVAC." 

 

3.03 INSTALLATION OF INDOOR PIPING 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. 

Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and 

other design considerations. Install piping as indicated unless deviations to layout are approved on 

Coordination Drawings. 

C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during progress of 

construction, to allow for mechanical installations. 

D. Do not install piping in concealed locations unless sleeved with the sleeve open at both ends. 

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 

parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise. 
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F. Where installing piping above accessible ceilings, allow sufficient space for ceiling panel removal. 

G. Locate valves for easy access. Do not locate valves within return air plenums. 

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps. 

I. Install piping free of sags and bends. 

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

K. Verify final equipment locations for roughing-in. 

L. Comply with requirements in Sections specifying gas-fired appliances and equipment for roughing-in 

requirements. 

M. Drips and Sediment Traps: Install drips at points where condensate may collect, including service-meter 

outlets. Locate where accessible to permit cleaning and emptying. Do not install where condensate is 

subject to freezing. 

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. Use 

nipple a minimum length of 3 pipe diameters, but not less than 3 inches (75 mm) long and same size 

as connected pipe. Install with space below bottom of drip to remove plug or cap. 

N. Extend relief vent connections for service regulators, line regulators, and overpressure protection 

devices to outdoors and terminate with weatherproof vent cap. 

O. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or floors, 

and in floor channels unless indicated to be exposed to view. 

P. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side down. 

Q. Connect branch piping from top or side of horizontal piping. 

R. Install unions in pipes NPS 2 (DN 50) and smaller, adjacent to each valve, at final connection to each 

piece of equipment. Unions are not required at flanged connections. 

S. Do not use natural-gas piping as grounding electrode. 

T. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated valve. 

U. Install pressure gauge downstream from each line regulator. Pressure gauges are specified in 

Section 230500 "Common Work Results for HVAC." 

V. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for 

sleeves specified in Section 230500 "Common Work Results for HVAC." 

W. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for 

sleeve seals specified in Section 230500 "Common Work Results for HVAC.” 

 

3.04 INSTALLATION OF VALVES 

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless steel tubing, 

aluminum, or copper connector. 

B. Install underground valves with valve boxes. 

C. Install regulators and overpressure protection devices with maintenance access space adequate for 

servicing and testing. 
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D. Install earthquake valves aboveground outside buildings according to listing. 

E. Install anode for metallic valves in underground PE piping. 

F. Do not install valves in return-air plenums. 

 

3.05 PIPING JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 

C. Threaded Joints: 

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1. 

2. Cut threads full and clean using sharp dies. 

3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe. 

4. Apply appropriate tape or thread compound to external pipe threads unless dryseal threading is 

specified. 

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

use pipe sections that have cracked or open welds. 

D. Welded Joints: 

1. Construct joints in accordance with AWS D10.12/D10.12M, using qualified processes and welding 

operators. 

2. Bevel plain ends of steel pipe. 

3. Patch factory-applied protective coating as recommended by manufacturer at field welds and where 

damage to coating occurs during construction. 

E. Brazed Joints: Construct joints in accordance with AWS's "Brazing Handbook," "Pipe and Tube" 

Chapter. 

F. Flared Joints: Cut tubing with roll cutting tool. Flare tube end with tool to result in flare dimensions 

complying with SAE J513. Tighten finger tight, and then use wrench. Do not overtighten. 

G. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or paper 

towels. Join in accordance with ASTM D2657. 

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

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

 

3.06 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements for seismic-restraint devices specified in Section 230548 "Vibration and 

Seismic Controls for HVAC." 

B. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and 

Equipment" for hangers, supports, and anchor devices. 

C. Install hangers for steel piping, with maximum horizontal spacing and minimum rod diameters, to 

comply with MSS SP-58, locally enforced codes, and authorities having jurisdiction requirements, 

whichever are most stringent. 

D. Install hangers for corrugated stainless steel tubing, with maximum horizontal spacing and minimum 

rod diameters, to comply with manufacturer's written instructions, locally enforced codes, and 

authorities having jurisdiction requirements, whichever are most stringent. 
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E. Support horizontal piping within 12 inches (300 mm)> of each fitting. 

F. Support vertical runs of steel piping to comply with MSS SP-58, locally enforced codes, and authorities 

having jurisdiction requirements, whichever are most stringent. 

G. Support vertical runs of corrugated stainless steel tubing to comply with manufacturer's written 

instructions, locally enforced codes, and authorities having jurisdiction requirements, whichever are 

most stringent. 

 

3.07 PIPING CONNECTIONS 

A. Connect to utility's gas main according to utility's procedures and requirements. 

B. Install natural-gas piping electrically continuous, and bonded to gas-appliance equipment grounding 

conductor of the circuit powering the appliance in accordance with NFPA 70. 

C. Where installing piping adjacent to appliances, allow space for service and maintenance of appliances. 

D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 72 inches 

(1800 mm) of each gas-fired appliance and equipment. Install union between valve and appliances or 

equipment. 

 

3.08 LABELING AND IDENTIFICATION 

A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for 

piping and valve identification. 

B. Install detectable warning tape directly above gas piping, 12 inches (300 mm) below finished grade, 

except 6 inches (150 mm) below subgrade under pavements and slabs. 

 

3.09 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Test, inspect, and purge natural gas in accordance with the International Fuel Gas Code and authorities 

having jurisdiction. 

2. Natural-gas piping will be considered defective if it does not pass tests and inspections. 

B. Prepare test and inspection reports. 

 

3.10 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain earthquake valves. 

 

 

END OF SECTION 22 11 24 
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SECTION 221313 - FACILITY SANITARY SEWERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Hub-and-spigot, cast-iron soil pipe and fittings. 

2. Hubless cast-iron soil pipe and fittings. 

3. PVC pipe and fittings. 

4. Fiberglass pipe and fittings. 

5. Concrete pipe and fittings. 

6. Nonpressure-type transition couplings. 

7. Pressure-type pipe couplings. 

8. Cleanouts. 

9. Manholes. 

10. Concrete. 

1.3 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Pipe and fittings. 

2. Non-pressure and pressure couplings 

3. Cleanouts. 

B. Shop Drawings: For manholes. Include plans, elevations, sections, details, and frames and 

covers. 

1.4 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For each type of pipe and fitting. 

B. Field quality-control reports. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Do not store plastic manholes, pipe, and fittings in direct sunlight. 
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B. Protect pipe, pipe fittings, and seals from dirt and damage. 

C. Handle manholes according to manufacturer's written rigging instructions. 

1.6 FIELD CONDITIONS 

A. Interruption of Existing Sanitary Sewerage Service: Do not interrupt service to facilities occupied 

by Owner or others unless permitted under the following conditions and then only after arranging 

to provide temporary service according to requirements indicated: 

1. Notify Construction Manager no fewer than 14 days in advance of proposed interruption 

of service. 

2. Do not proceed with interruption of service without Construction Manager written 

permission. 

PART 2 - PRODUCTS 

2.1 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings: ASTM A74, Service class  

B. Gaskets: ASTM C564, rubber. 

C. Calking Materials: ASTM B29, pure lead and oakum or hemp fiber. 

2.2 HUBLESS CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings: ASTM A888 or CISPI 301. 

B. CISPI-Trademark, Shielded Couplings: 

1. Description: ASTM C1277 and CISPI 310, with stainless-steel corrugated shield; 

stainless-steel bands and tightening devices; and ASTM C564, rubber sleeve with 

integral, center pipe stop. 

C. Heavy-Duty, Shielded Couplings: 

1. Description: ASTM C1277 and ASTM C1540, with stainless-steel shield; stainless-steel 

bands and tightening devices; and ASTM C564, rubber sleeve with integral, center pipe 

stop. 

D. Cast-Iron, Shielded Couplings: 

1. Description: ASTM C1277 with ASTM A48/A48M, two-piece, cast-iron housing; 

stainless-steel bolts and nuts; and ASTM C564, rubber sleeve with integral, center pipe 

stop. 

E. Unshielded Couplings: 
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1. Description: ASTM C1277 and ASTM C1461, rigid, sleeve-type, reducing- or transition-

type mechanical coupling, with integral, center pipe stop, molded from ASTM C1440, 

thermoplastic elastomer (TPE) material; with corrosion-resistant-metal tension band and 

tightening mechanism on each end. 

2.3 PVC PIPE AND FITTINGS 

A. PVC Gravity Sewer Piping: 

1. Pipe and Fittings: ASTM F679, PVC gravity sewer pipe with bell-and-spigot ends and 

with integral ASTM F477, elastomeric seals for gasketed joints. 

2.4 NONPRESSURE-TYPE TRANSITION COUPLINGS 

A. Comply with ASTM C1173, elastomeric, sleeve-type, reducing or transition coupling; for joining 

underground nonpressure piping. Include ends of same sizes as piping to be joined and include 

corrosion-resistant-metal tension band and tightening mechanism on each end. 

B. Sleeve Materials: 

1. For Cast-Iron Soil Pipes: ASTM C564, rubber. 

2. For Plastic Pipes: ASTM F477, elastomeric seal or ASTM D5926, PVC. 

3. For Dissimilar Pipes: ASTM D5926, PVC or other material compatible with pipe 

materials being joined. 

C. Unshielded, Flexible Couplings: 

1. Description: Elastomeric sleeve with stainless-steel shear ring and corrosion-resistant-

metal tension band and tightening mechanism on each end. 

D. Shielded, Flexible Couplings: 

1. Description: ASTM C1460, elastomeric or rubber sleeve with full-length, corrosion-

resistant outer shield and corrosion-resistant-metal tension band and tightening 

mechanism on each end. 

E. Ring-Type, Flexible Couplings: 

1. Description: Elastomeric compression seal with dimensions to fit inside bell of larger 

pipe and for spigot of smaller pipe to fit inside ring. 

F. Nonpressure-Type, Rigid Couplings: 

1. Description: ASTM C1461, sleeve-type, reducing- or transition-type mechanical 

coupling; molded from ASTM C1440, TPE material; with corrosion-resistant-metal 

tension band and tightening mechanism on each end. 
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2.5 PRESSURE-TYPE PIPE COUPLINGS 

A. Tubular-Sleeve Couplings: AWWA C219, with center sleeve, gaskets, end rings, and bolt 

fasteners. 

B. Metal, bolted, sleeve-type, reducing or transition coupling; for joining underground pressure 

piping. Include 150-psig minimum pressure rating and ends of same sizes as piping to be joined. 

C. Center-Sleeve Material: Manufacturer's standard 

D. Gasket Material: Natural or synthetic rubber. 

E. Metal Component Finish: Corrosion-resistant coating or material. 

2.6 CLEANOUTS 

A. Cast-Iron Cleanouts: 

1. Description: ASME A112.36.2M, round, gray-iron housing with clamping device and 

round, secured, scoriated, gray-iron cover. Include gray-iron ferrule with inside calk or 

spigot connection and countersunk, tapered-thread, brass closure plug. 

2. Top-Loading Classification: Medium Duty 

3. Sewer Pipe Fitting and Riser to Cleanout: ASTM A74, Service class, cast-iron soil pipe 

and fittings. 

B. PVC Cleanouts: 

1. Description: PVC body with PVC threaded plug. Include PVC sewer pipe fitting and riser 

to cleanout of same material as sewer piping. 

2.7 MANHOLES 

A. Standard Precast Concrete Manholes: 

1. Description: ASTM C478, precast, reinforced concrete, of depth indicated, with provision 

for sealant joints. 

2. Diameter: 48 inches minimum unless otherwise indicated. 

3. Ballast: Increase thickness of precast concrete sections or add concrete to base section as 

required to prevent flotation. 

4. Base Section: 6-inch minimum thickness for floor slab and 4-inch minimum thickness for 

walls and base riser section, and separate base slab or base section with integral floor. 

5. Riser Sections: 4-inch minimum thickness, and lengths to provide depth indicated. 

6. Top Section: Eccentric-cone type unless concentric-cone or flat-slab-top type is 

indicated, and top of cone of size that matches grade rings. 

7. Joint Sealant: ASTM C990, bitumen or butyl rubber. 

8. Resilient Pipe Connectors: ASTM C923 , cast or fitted into manhole walls, for each pipe 

connection. 
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9. Steps: Individual FRP steps; FRP ladder; or ASTM A615/A615M, deformed, 1/2-

inch steel reinforcing rods encased in ASTM D4101, PP, wide enough to allow worker 

to place both feet on one step and designed to prevent lateral slippage off step. Cast or 

anchor steps into sidewalls at 12- to 16-inch intervals. Omit steps if total depth from floor 

of manhole to finished grade is less than 60 inches. 

10. Adjusting Rings: Interlocking HDPE rings with level or sloped edge in thickness and 

diameter matching manhole frame and cover, and of height required to adjust manhole 

frame and cover to indicated elevation and slope. Include sealant recommended by ring 

manufacturer. 

11. Grade Rings: Reinforced-concrete rings, 6- to 9-inch total thickness, to match diameter of 

manhole frame and cover, and height as required to adjust manhole frame and cover to 

indicated elevation and slope. 

2.8 CONCRETE 

A. General: Cast-in-place concrete complying with ACI 318, ACI 350, and the following: 

1. Cement: ASTM C150/C150M, Type II. 

2. Fine Aggregate: ASTM C33/C33M, sand. 

3. Coarse Aggregate: ASTM C33/C33M, crushed gravel. 

4. Water: Potable. 

B. Portland Cement Design Mix: 4000 psi minimum, with 0.45 maximum water/cementitious 

materials ratio. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavating, trenching, and backfilling are specified in Section 312000 "Earth Moving." 

3.2 PIPING INSTALLATION 

A. General Locations and Arrangements: Drawing plans and details to indicate general location and 

arrangement of underground sanitary sewer piping. Location and arrangement of piping layout 

take into account design considerations. Install piping as indicated, to extent practical. Where 

specific installation is not indicated, follow piping manufacturer's written instructions. 

B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 

continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals, sleeves, and 

couplings according to manufacturer's written instructions for using lubricants, cements, and 

other installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated. Use fittings for branch 

connections unless direct tap into existing sewer is indicated. 
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D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes 

and fittings are connected. Reducing size of piping in direction of flow is prohibited. 

E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-jacking 

process of microtunneling. 

F. Install gravity-flow, nonpressure, drainage piping according to the following: 

1. Install piping pitched down in direction of flow, at minimum slope of 1 percent unless 

otherwise indicated. 

2. Install piping NPS 6 and larger with restrained joints at tee fittings and at changes in 

direction. Use corrosion-resistant rods, pipe or fitting manufacturer's proprietary restraint 

system, or cast-in-place-concrete supports or anchors. 

3. Install piping with 36-inch minimum cover. 

4. Install hub-and-spigot, cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and 

Fittings Handbook." 

5. Install hubless cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil 

Pipe and Fittings Handbook." 

6. Install PVC gravity sewer piping according to ASTM D2321 and ASTM F1668. 

7. Install fiberglass sewer piping according to ASTM D3839 and ASTM F1668. 

G. Clear interior of piping and manholes of dirt and superfluous material as work progresses. 

Maintain swab or drag in piping, and pull past each joint as it is completed. Place plug in end of 

incomplete piping at end of day and when work stops. 

3.3 PIPE JOINT CONSTRUCTION 

A. Join gravity-flow, nonpressure, drainage piping according to the following: 

1. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast 

Iron Soil Pipe and Fittings Handbook" for compression joints. 

2. Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's "Cast 

Iron Soil Pipe and Fittings Handbook" for lead and oakum calked joints. 

3. Join hubless cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil 

Pipe and Fittings Handbook" for hubless-coupling joints. 

4. Join PVC gravity sewer piping according to ASTM D2321 and ASTM D3034 for 

elastomeric-seal joints or ASTM D3034 for elastomeric-gasket joints. 

5. Join fiberglass sewer piping according to ASTM D4161 for elastomeric-seal joints. 

6. Join dissimilar pipe materials with nonpressure-type, flexible or rigid couplings. 

3.4 MANHOLE INSTALLATION 

A. General: Install manholes, complete with appurtenances and accessories indicated. 

B. Where specific manhole construction is not indicated, follow manhole manufacturer's written 

instructions. 

C. The specified Manhole shall be installed using conventional backfill materials and procedures.  

The backfill material shall be crushed stone or other granular material meeting the requirements 
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of class 1, class 2, or class 3 material as defined in ASTM D2321.  Bedding and backfill for 

surface drainage inlets shall be well placed and compacted uniformly in accordance with ASTM 

D2321.  The drain basin body will be cut at the time of the final grade.  No brick, stone or 

concrete block will be required to set the grate to the final grade height.  For load rated 

installations, a concrete slab shall be poured under and around the grate and frame.   

D. Set tops of frames and covers flush with finished surface of manholes that occur in pavements. 

Set tops 3 inches above finished surface elsewhere unless otherwise indicated. 

3.5 CONCRETE PLACEMENT 

A. Place cast-in-place concrete according to ACI 318. 

3.6 CLEANOUT INSTALLATION 

A. Install cleanouts and riser extensions from sewer pipes to cleanouts at grade. Use cast-iron soil 

pipe fittings in sewer pipes at branches for cleanouts, and use cast-iron soil pipe for riser 

extensions to cleanouts. Install piping so cleanouts open in direction of flow in sewer pipe. 

1. Use Light-Duty, top-loading classification cleanouts in earth or unpaved foot-traffic 

areas. 

2. Use Medium-Duty, top-loading classification cleanouts in paved foot-traffic areas. 

3. Use Heavy-Duty, top-loading classification cleanouts in vehicle-traffic service areas. 

B. Set cleanout frames and covers in earth in cast-in-place-concrete block, 18 by 18 by 12 inches 

deep. Set with tops 1 inch above surrounding grade. 

C. Set cleanout frames and covers in concrete pavement and roads with tops flush with pavement 

surface. 

3.7 CONNECTIONS 

A. Connect nonpressure, gravity-flow drainage piping to building's sanitary building drains 

specified in Section 221316 "Sanitary Waste and Vent Piping." 

B. Connect force-main piping to building's sanitary force mains specified in Section 221316 

"Sanitary Waste and Vent Piping." Terminate piping where indicated. 

C. Make connections to existing piping and underground manholes. 

1. Use commercially manufactured wye fittings for piping branch connections. Remove 

section of existing pipe, install wye fitting into existing piping, and encase entire wye 

fitting plus 6-inch overlap with not less than 6 inches of concrete with 28-day 

compressive strength of 3000 psi. 

2. Protect existing piping and manholes to prevent concrete or debris from entering while 

making tap connections. Remove debris or other extraneous material that may 

accumulate. 
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3.8 IDENTIFICATION 

A. Comply with requirements in Section 312000 "Earth Moving" for underground utility 

identification devices. Arrange for installation of green warning tapes directly over piping and at 

outside edges of underground manholes. 

1. Use warning tape or detectable warning tape over ferrous piping. 

2. Use detectable warning tape over nonferrous piping and over edges of underground 

manholes. 

3.9 FIELD QUALITY CONTROL 

A. Inspect interior of piping to determine whether line displacement or other damage has occurred. 

Inspect after approximately 24 inches of backfill is in place, and again at completion of Project. 

1. Submit separate report for each system inspection. 

2. Defects requiring correction include the following: 

a. Alignment: Less than full diameter of inside of pipe is visible between structures. 

b. Deflection: Flexible piping with deflection that prevents passage of ball or cylinder 

of size not less than 92.5 percent of piping diameter. 

c. Damage: Crushed, broken, cracked, or otherwise damaged piping. 

d. Infiltration: Water leakage into piping. 

e. Exfiltration: Water leakage from or around piping. 

3. Replace defective piping using new materials, and repeat inspections until defects are 

within allowances specified. 

4. Reinspect and repeat procedure until results are satisfactory. 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or 

repaired, for leaks and defects. 

1. Do not enclose, cover, or put into service before inspection and approval. 

2. Test completed piping systems according to requirements of authorities having 

jurisdiction. 

3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' 

advance notice. 

4. Submit separate report for each test. 

5. Hydrostatic Tests: Test sanitary sewerage according to requirements of authorities having 

jurisdiction and the following: 

a. Fill sewer piping with water. Test with pressure of at least 10-foot head of water, 

and maintain such pressure without leakage for at least 15 minutes. 

b. Close openings in system and fill with water. 

c. Purge air and refill with water. 

d. Disconnect water supply. 

e. Test and inspect joints for leaks.. 

6. Manholes: Perform hydraulic test according to ASTM C969. 
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C. Leaks and loss in test pressure constitute defects that must be repaired. 

D. Replace leaking piping using new materials, and repeat testing until leakage is within allowances 

specified. 

3.10 CLEANING 

A. Clean dirt and superfluous material from interior of piping. Flush with potable water. 

END OF SECTION 221313 
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SECTION 22 13 16 

SANITARY WASTE AND VENT PIPING 

PART 1 GENERAL 

 

1.01 DESCRIPTION 

 

A. Provide a complete system of interior soil, waste, and vent piping to fixtures and equipment, 

including traps, floor drains and cleanouts. Building drain shall extend to a point 5 ft. 

beyond the foundation wall, unless otherwise indicated on Drawings. 

 

B. Connect to site sanitary sewer system 5 ft. outside building foundation wall where shown on 

Drawings. Extend sanitary line into building. 

 

C. “Dead end” sanitary branches longer than 2 ft. 0 in. will not be permitted. 

 

D. Provide oil interceptor. 

 

E. Test complete system. 

 

1.02 ACCEPTABLE MANUFACTURERS 

 

A. Piping and Fittings: 

 

1. Cast iron: Charlotte, Clow, American Cast Iron, Tyler Pipe, U. S. Pipe & Foundry 

or Griffin. 

 

2. Copper: American Brass Co., Revere, Chase Brass Co. or Nibco. 

 

3. ABS or PVC plastic: Yardley, Nibco, Crestline or Charlotte. 

 

4. Steel: Armco, Republic or Wheeling. 

 

B. Floor Drains and Cleanouts: Zurn, Jay R. Smith, Wade, Josam or Watts. 

 

C. Manufacturer and Model Number listed under Part 2 shall be considered to be the Design Base 

Manufacturer and Model Number. Other Acceptable Manufacturers will be permitted, unless 

specifically excluded. 

 

1.03 ACTION SUBMITTALS 

 

A. Product data. 

 

PART 2 PRODUCTS 

 

2.01 PIPING 

 

A. Sanitary, waste, and vent piping and fittings under slab: 

 

1. Extra heavy weight, single hub cast iron (ASTM A74), factory-coated with coal 

tar enamel. 

 

2. Hubless cast iron (ASTM A74), factory-coated with coal tar enamel. 
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3. Schedule 40 PVC/DWV plastic (ASTM D2665). 

 

B. Schedule 40 ABS/DWV plastic (ASTM D2661). 

C. Interior above-grade sanitary waste piping and fittings: 

 

1. Service weight, single hub cast iron (ASTM A74), factory-coated with coal tar enamel. 

 

2. Hubless cast iron (ASTM A74), factory-coated with coal tar enamel. 

 

3. Copper DWV tube, 4 in. and smaller (ASTM B306): Type L drainage tube, 

drawn temper. 

 

4. PVC Schedule 40 solid wall pipe according to ASTM D 1784, D 1785, and D 

2665. PVC DWV fittings conforming to ASTM D 1784 and D 2665. 

 

D. Interior above-grade vent piping and fittings: 

 

1. Service weight, single hub cast iron (ASTM A74), factory-coated with coal tar enamel. 

 

2. Hubless cast iron (ASTM A74), factory-coated with coal tar enamel. 

 

3. Steel pipe, 2 1/2 in. and smaller (ASTM A53): Type E or S, Grade A or B, Schedule 

40, galvanized. 

 

4. Copper DWV tube, 4 in. and smaller (ASTM B306): Type L drainage tube, 

drawn temper. 

 

5. PVC Schedule 40 solid wall pipe according to ASTM D 1784, D 1785, and D 

2665. PVC DWV fittings conforming to ASTM D 1784 and D 2665. 

 

E. Plastic piping is not permitted where it may be vulnerable to physical damage, or where run 

exposed. 

 

F. Plastic piping shall not be installed in ceiling spaces used for return air plenums. Refer to 

Architectural and HVAC Drawings for the location of these areas. 

 

G. Any exposed vent piping shall be galvanized steel. 

 

2.02 JOINTS 

 

A. Cast Iron: 

 

1. Tarred jute or oakum with lead poured flush with hub. 

 

2. (ASTM C 564) Compression-type plastic seal. 

 

3. Joints in hubless cast iron pipe sizes 1 1/2 in. to 10 in. shall be made with coupling 

approved to FMG 1680 Class 1 and marked with the logo. Couplings shall be Clamp 

All Corporation Model #80, for pipe sizes 1 1/2 in. to 4 in., Model #125 pipe sizes 5 

in. to 10 in. 

 

4. Joints in hubless cast iron pipe sizes 1 1/2 in. to 2 in. where exposure to head pressure 

cannot exceed 10 ft. shall be approved to CISPI Standard 310 85. Couplings shall be 
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manufactured by Anaco, Tyler, Charlotte, or Jones. 

 

B. Copper: Cast (ASTM B16.23) or wrought (ASTM B16.29) copper drainage fittings with 

solder joints. 
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C. Plastic: Solvents and cements as recommended by the Manufacturer. 

 

D. All fittings shall be compatible with piping for size, material, and joint type. 

 

E. Cast iron pipe and fittings shall be factory-coated with coal tar enamel. 

 

2.03 FLOOR DRAINS 

 

A. Drains shall be adjustable, coated cast iron double drainage pattern, bottom outlet, flashing 

clamp, strainers, sediment buckets, and with other accessories and features as noted below. 

 

B. Each floor drain grate that has a load rating shall have an ANSI load rating indicated on shop 

drawings. If rating is not indicated on shop drawings, they will be rejected. 

 

C. Each floor drain that is required to have a secured grate shall have at least (3) screws for 

attachment of grate. 

 

D. Slot in grates shall be free of flashing (clean cut), and tops shall not have sharp edges that may 

be injurious to bare feet. 

 

E. FD 1: Zurn #Z415 P VP. Cast iron body, adjustable, 5 in. diameter Type B strainer, secured, 

nikaloy finish, nickel/bronze strainer, caulk or push-on outlet, 3 in. or 4 in. pipe size, as 

noted, and 3/4 in. trap primer connection. Provide vandal-resistant screws on strainer. 

 

F. FD 2: Zurn #Z550 P DG. Cast iron body, adjustable, 9 in. diameter Type B strainer, secured, 

medium-duty load rating, nickel/bronze strainer, caulk or push-on outlet, 3 in. or 4 in. pipe 

size, as noted, and 3/4 in. trap primer connection. 

 

G. FD 3: Zurn #Z415 P VP-4. Cast iron body, adjustable, 5 in. diameter Type B strainer, secured, 

nikaloy finish, nickel/bronze strainer with 4-in. dia. funnel, caulk or push-on outlet, 3 in. or 4 

in. pipe size, as noted, and 3/4 in. trap primer connection where indicated. Provide vandal- 

resistant screws on strainer. 

 

H. FD 4: Zurn model as specified on drawings. 

 

2.04 CLEANOUTS 

 

A. All cleanouts shall be line size (6 in. size on 6 in. or larger line) and installed in accessible 

locations. 

 

B. Provide membrane clamps on all cleanouts in floors having waterproofing membrane. 

 

C. Floor Cleanouts: Each floor cleanout shall have an ANSI load rating indicated on shop 

drawings. If rating is not indicated on shop drawings, they will be rejected. Each floor cleanout 

that is required to have a vandal resistant top shall have at least (3) screws for attachment to 

top. 

 

1. Floors with ceramic tile finish: Zurn #ZN1400 VP. Adjustable cast iron body, 

heavy- duty load rating, vandal resistant, round, nickel/bronze scoriated cover, ABS 

plastic plug, line size, and caulk or push-on outlet. 

 

2. Floors with vinyl tile finish: Zurn #ZN1400 VP. Adjustable cast iron body, heavy-

duty load rating, vandal-resistant, round, nickel/bronze cover, ABS plastic plug, line 

size, and caulk or push-on outlet. 
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3. Bare concrete floors: Zurn #Z1400 HD VP. Adjustable cast iron body, heavy-duty load 

rating, vandal-resistant cast iron scoriated cover, threaded ABS plastic plug, line size, 

and caulk or push-on outlet. 

 

4. Vehicular traffic: Zurn #Z1400 HD VP. Adjustable cast iron body, heavy-duty load 

rating, vandal-resistant cast iron scoriated cover, threaded ABS plastic plug, line size, 

and caulk or push-on outlet. 

 

D. Wall Cleanouts: Zurn #ZS1469 VP. Round polished stainless steel access cover, and vandal- 

resistant screw. 

 

E. Exterior Cleanouts: Zurn #Z1400 HD VP. Adjustable cast iron body, heavy-duty load 

rating, vandal-resistant cast iron scoriated cover, threaded ABS plastic plug, line size, and 

caulk or push-on outlet. 

 

2.05 VENT FLASHING 

 

A. Provide roof vent boots and flashing. 

 

PART 3 EXECUTION 

 

 

I.01 EARTH MOVING 

A. Comply with requirements for excavating, trenching, and backfilling specified in 

Section 312000 "Earth Moving." 

 

I.02 INSTALLATION OF PIPING 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. 

1. Indicated locations and arrangements were used to size pipe and calculate friction loss, 

expansion, pump sizing, and other design considerations. 

2. Install piping as indicated unless deviations to layout are approved on coordination drawings. 

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and 

service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 

parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

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

I. Install piping to allow application of insulation 

J. Make changes in direction for soil and waste drainage and vent piping using appropriate branches, 

bends, and long-sweep bends. 
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1. Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks if change in direction of 

flow is from horizontal to vertical. 

2. Use long-turn, double Y-branch, and 1/8-bend fittings if two fixtures are installed back to back or 

side by side with common drain pipe. 

3. Straight tees, elbows, and crosses may be used on vent lines. 

4. Do not change direction of flow more than 90 degrees. 

5. Use proper size of standard increasers and reducers if pipes of different sizes are connected. 

a. Reducing size of waste piping in direction of flow is prohibited. 

K. Lay buried building waste piping beginning at low point of each system. 

1. Install true to grades and alignment indicated, with unbroken continuity of invert. Place hub ends 

of piping upstream. 

2. Install required gaskets according to manufacturer's written instructions for use of lubricants, 

cements, and other installation requirements. 

3. Maintain swab in piping and pull past each joint as completed. 

L. Install soil and waste and vent piping at the following minimum slopes unless otherwise indicated: 

1. Building Sanitary Waste: Two percent downward in direction of flow for piping NPS 3 (DN 80) 

and smaller; 1 percent downward in direction of flow for piping NPS 4 (DN 100) and larger. 

2. Horizontal Sanitary Waste Piping: One percent downward in direction of flow. 

3. Vent Piping: One half percent down toward vertical fixture vent or toward vent stack. 

M. Install cast-iron soil piping in accordance with CISPI's "Cast Iron Soil Pipe and Fittings Handbook," 

Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 

N. Install aboveground ABS piping in accordance with ASTM D2661. 

O. Install aboveground PVC piping in accordance with ASTM D2665. 

P. Install underground PVC piping in accordance with ASTM D2321. 

Q. Plumbing Specialties: 

1. Install backwater valves in sanitary waster gravity-flow piping. 

a. Comply with requirements for backwater valves specified in Section 221319 "Sanitary 

Waste Piping Specialties." 

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

sanitary sewers in sanitary waste gravity-flow piping. 

a. Install cleanout fitting with closure plug inside the building in sanitary drainage force-main 

piping. 

b. Comply with requirements for cleanouts specified in Section 221319 "Sanitary Waste 

Piping Specialties." 

3. Install drains in sanitary waste gravity-flow piping. 

a. Comply with requirements for drains specified in Section 221319 "Sanitary Waste Piping 

Specialties." 
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R. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities 

having jurisdiction. 

S. Install sleeves for piping penetrations of walls, ceilings, and floors. 

1. Comply with requirements for sleeves specified in Section 220500 "Common Work Results for 

Plumbing." 

T. Install sleeve seals for piping penetrations of concrete walls and slabs. 

1. Comply with requirements for sleeve seals specified in Section 220500 "Common Work Results 

for Plumbing." 

U. Install escutcheons for piping penetrations of walls, ceilings, and floors. 

1. Comply with requirements for escutcheons specified in Section 220500 "Common Work Results 

for Plumbing." 

 

I.03 JOINT CONSTRUCTION 

A. Hub-and-Spigot, Cast-Iron Soil Piping Gasketed Joints: Join in accordance with CISPI's "Cast Iron Soil 

Pipe and Fittings Handbook" for compression joints. 

B. Hub-and-Spigot, Cast-Iron Soil Piping Caulked Joints: Join in accordance with CISPI's "Cast Iron Soil 

Pipe and Fittings Handbook" for lead-and-oakum caulked joints. 

C. Hubless, Cast-Iron Soil Piping Coupled Joints: 

1. Join hubless, cast-iron soil piping in accordance with CISPI 310 and CISPI's "Cast Iron Soil Pipe 

and Fittings Handbook" for hubless-piping coupling joints. 

D. Plastic, Nonpressure-Piping, Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and 

fittings in accordance with the following: 

1. Comply with ASTM F402 for safe-handling practice of cleaners, primers, and solvent cements. 

2. ABS Piping: Join in accordance with ASTM D2235 and ASTM D2661 appendixes. 

3. PVC Piping: Join in accordance with ASTM D2855 and ASTM D2665 appendixes. 

E. Joint Restraints and Sway Bracing: 

1. Provide joint restraints and sway bracing for storm drainage piping joints to comply with the 

following conditions: 

a. Provide axial restraint for pipe and fittings 5 inches (125 mm) and larger, upstream and 

downstream of all changes in direction, branches, and changes in diameter greater than 

two pipe sizes. 

b. Provide rigid sway bracing for pipe and fittings 4 inches (100 mm) and larger, upstream 

and downstream of all changes in direction 45 degrees and greater. 

F. Provide rigid sway bracing for pipe and fittings 5 inches (125 mm) and larger, upstream and 

downstream of all changes in direction and branch openings. 

 

I.04 INSTALLATION OF SPECIALTY PIPE FITTING 

A. Transition Couplings: 
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1. Install transition couplings at joints of piping with small differences in ODs. 

B. In Waste Drainage Piping: Shielded, nonpressure transition couplings 

 

I.05 INSTALLATION OF VALVES 

A. General valve installation requirements for general-duty valve installation are specified in Section 

220523 "General-Duty Valves for Plumbing Piping." 

B. Shutoff Valves: 

1. Install full-port ball valve for piping NPS 2 (DN 50) and smaller. 

2. Install gate valve for piping NPS 2-1/2 (DN 65) and larger. 

 

I.06 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements for seismic-restraint devices specified in Section 220548 "Vibration and 

Seismic Controls for Plumbing Piping and Equipment." 

B. Comply with requirements for pipe hanger and support devices and installation specified in 

Section 220529 "Hangers and Supports for Plumbing Piping and Equipment" 

1. Install carbon-steel pipe hangers for horizontal piping in noncorrosive environments. 

2. Install stainless steel pipe hangers for horizontal piping in corrosive environments. 

3. Install carbon-steel pipe support clamps for vertical piping in noncorrosive environments. 

4. Install stainless steel pipe support clamps for vertical piping in corrosive environments. 

5. Vertical Piping: MSS Type 8 or Type 42 clamps. 

6. Install individual, straight, horizontal piping runs: 

a. 100 Ft. (30 m) and Less: MSS Type 1, adjustable, steel clevis hangers. 

b. Longer Than 100 Ft. (30 m): MSS Type 43, adjustable roller hangers. 

c. Longer Than 100 Ft. (30 m) if Indicated: MSS Type 49, spring cushion rolls. 

7. Multiple, Straight, Horizontal Piping Runs 100 Ft. (30 m) or Longer: MSS Type 44 pipe rolls. 

Support pipe rolls on trapeze. 

8. Base of Vertical Piping: MSS Type 52 spring hangers. 

C. Install hangers for cast-iron soil piping, with maximum horizontal spacing and minimum rod diameters, 

to comply with MSS SP-58, locally enforced codes, and authorities having jurisdiction 

requirements, whichever are most stringent. 

D. Install hangers for PVC piping, with maximum horizontal spacing and minimum rod diameters, to 

comply with manufacturer's written instructions, locally enforced codes, and authorities having 

jurisdiction requirements, whichever are most stringent. 

E. Support horizontal piping and tubing within 12 inches (300 mm) of each fitting, valve, and coupling. 

F. Support vertical runs of cast-iron soil piping to comply with MSS SP-58, locally enforced codes, and 

authorities having jurisdiction requirements, whichever are most stringent. 

G. Support vertical runs of PVC piping to comply with manufacturer's written instructions, locally 

enforced codes, and authorities having jurisdiction requirements, whichever are most stringent. 

 

I.07 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 
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B. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition fitting to join 

dissimilar piping materials. 

C. Connect waste and vent piping to the following: 

1. Plumbing Fixtures: Connect waste piping in sizes indicated, but not smaller than required by 

plumbing code. 

2. Plumbing Fixtures and Equipment: Connect atmospheric vent piping in sizes indicated, but not 

smaller than required by authorities having jurisdiction. 

3. Plumbing Specialties: Connect waste and vent piping in sizes indicated, but not smaller than 

required by plumbing code. 

4. Install test tees (wall cleanouts) in conductors near floor and floor cleanouts with cover flush with floor. 

5. Comply with requirements for cleanouts and drains specified in Section 221319 "Sanitary Waste 

Piping Specialties." 

6. Equipment: Connect waste piping as indicated. 

a. Provide shutoff valve if indicated and union for each connection. 

b. Use flanges instead of unions for connections NPS 2-1/2 (DN 65) and larger. 

D. Where installing piping adjacent to equipment, allow space for service and maintenance of equipment. 

E. Make connections in accordance with the following unless otherwise indicated: 

1. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final 

connection to each piece of equipment. 

2. Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at final 

connection to each piece of equipment. 

 

I.08 IDENTIFICATION 

A. Identify exposed sanitary waste and vent piping. 

B. Comply with requirements for identification specified in Section 220553 "Identification for Plumbing 

Piping and Equipment." 

 

I.09 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be 

made. Perform tests specified below in presence of authorities having jurisdiction. 

1. Roughing-in Inspection: Arrange for inspection of piping before concealing or closing-in after 

roughing-in and before setting fixtures. 

2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to observe tests 

specified below and to ensure compliance with requirements. 

B. Reinspection: If authorities having jurisdiction find that piping will not pass test or inspection, make 

required corrections and arrange for reinspection. 

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

D. Test sanitary waste and vent piping in accordance with procedures of authorities having jurisdiction or, 

in absence of published procedures, as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have been altered, 

extended, or repaired. 
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a. If testing is performed in segments, submit separate report for each test, complete with 

diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced waste and vent piping until 

it has been tested and approved. 

a. Expose work that was covered or concealed before it was tested. 

3. Roughing-in Plumbing Test Procedure: Test waste and vent piping except outside leaders on 

completion of roughing-in. 

a. Close openings in piping system and fill with water to point of overflow, but not less than 

10 ft. head of water (30 kPa head of water). 

b. From 15 minutes before inspection starts to completion of inspection, water level must not 

drop. 

c. Inspect joints for leaks. 

4. Finished Plumbing Test Procedure: After plumbing fixtures have been set and traps filled with 

water, test connections and prove they are gastight and watertight. 

a. Plug vent-stack openings on roof and building drains where they leave building. Introduce 

air into piping system equal to pressure of 1 inch wg (250 Pa). 

b. Use U-tube or manometer inserted in trap of water closet to measure this pressure. 

c. Air pressure must remain constant without introducing additional air throughout period of 

inspection. 

d. Inspect plumbing fixture connections for gas and water leaks. 

5. Repair leaks and defects with new materials and retest piping, or portion thereof, until 

satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 

 

I.10 CLEANING AND PROTECTION 

A. Clean interior of piping. Remove dirt and debris as work progresses. 

B. Protect sanitary waste and vent piping during remainder of construction period to avoid clogging with 

dirt and debris and to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

D. Exposed PVC Piping: Protect plumbing vents exposed to sunlight with two coats of water-based latex 

paint. 

E. Repair damage to adjacent materials caused by waste and vent piping installation. 

 

END OF SECTION 22 13 

16 
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SECTION 22 13 23 

OIL INTERCEPTORS 

PART 1 GENERAL 

 

1.01 DESCRIPTION 

 

A. Provide a sanitary sewer system from building to oil interceptor where shown on 

Drawings, complete with piping and exterior cleanouts. 

 

B. Provide two oil interceptors as shown on drawings – one shall serve the Truck Storage, Office 

Maintenance building, and Mix building, the other oil interceptor shall serve the gasoline 

fueling station area. 

 

C. Test complete system. 

 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of interceptor. Include materials of fabrication, dimensions, rated 

capacities, retention capacities, operating characteristics, size and location of each pipe 

connection, furnished specialties, and accessories. 

1.03 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Interceptors, drawn to scale, on which the following items are shown 

and coordinated with each other, using input from installers of the items involved: 

• Piping connections. Include size, location, and elevation of each. 

• Interface with underground structures and utility services. 

1.04 CLOSEOUT SUBMITTALS 

• Operation and Maintenance Data: For sanitary waste interceptors to 

include in emergency, operation, and maintenance manuals. 

1.05  

 

PART 2 PRODUCTS 

 

2.01 GRAVITY SEWER PIPE 

 

A. Under sodden areas or non-traffic areas, use the following: 

 

1. Cast iron sewer pipe: 

 

a. Service weight (ASTM A74) with oakum and lead or compression seal 

gasket joints. 

 

b. Hubless (ASTM A74 and CISPI 301) with stainless steel couplings or cast 

iron Alfa or MG couplings. 
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2. Plastic sewer pipe option: 

 

a. PVC plastic (ASTM D3034), SDR 35 with (ASTM 3212) seals. 

 

b. ABS plastic (ASTM D2751). 

 

B. All fittings shall be compatible with piping for size, material, and joint type. 

 

C. Cast iron pipe and fittings shall be factory-coated with coal tar enamel. 

 

2.02 OIL INTERCEPTOR 

 

A. Provide Proceptor Model OMC 1500. Glass-fiber with an isothalic resin, complete with 

tappings, vents, manhole extension(s) to finished grade, single tank, 1,500 gallons total 

capacity, drain 30,000 sq. ft. of floor area minimum, 1 cu. ft. minimum liquid capacity above 

outlet for each 100 sq. ft. of floor area to be drained into interceptor. 30 year warranty. 

 

B. Proceptor Model HIS 101. Gasketed cast iron frames and covers. 

 

C. Interceptor shall comply with County and State requirements. 

 

D. Other Acceptable Manufacturers: Approved equal by Containment Solutions, Inc., or Xerxes. 

 

 

2.03 EXTERIOR CLEANOUTS 

 

A. Zurn #Z 1400 HD. Adjustable cast iron body, heavy-duty load rating, cast iron vandal-

resistant scoriated cover, threaded ABS plug, line size, caulk outlet. 

 

B. Other Acceptable Manufacturers:  Approved equal by Wade, Jay R. Smith, Josam, or Ancon. 

 

2.04 TAPE COATING 

 

A. Install with 1/2 in. minimum overlap. 

 

B. Acceptable Manufacturers: Tapecoat Co. “Tapecoat CT,” Kendall Co. “Polyken 930,” 

Royston Labs “Greenline,” or Republic Steel “X Tru Tape #35.” 

 

PART 3 EXECUTION 

1.01 EARTHWORK 

A. Excavating, trenching, and backfilling are specified in Section 312000 "Earth Moving. 

1.02 INSTALLATION 

A. Install Oil Interceptor per manufacturer’s installation instructions. 
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1.03 PIPING CONNECTIONS 

A. Piping installation requirements are specified in Section 221316 "Sanitary Waste and Vent Piping." 

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

B. Make piping connections between interceptors and piping systems. 

1.04 INDENTIFICATION 

C. Identification materials and installation are specified in Section 312000 "Earth Moving." 

1. Arrange for installation of green warning tapes directly over piping and at outside edges of 

underground interceptors. 

2. Use warning tapes or detectable warning tape over ferrous piping. 

3. Use detectable warning tape over nonferrous piping and over edges of underground structures. 

D. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or sign on or 

near each of the following: 

 

1.05 PROTECTION 

A. Protect sanitary waste interceptors from damage during construction period. 

B. Repair damage to adjacent materials caused by sanitary waste interceptor installation. 

 

 

 

END OF SECTION 22 13 23 
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SECTION 22 15 13 

 

GENERAL SERVICE COMPRESSED AIR 

PIPING 

 

PART 1 GENERAL 

 

1.01 DESCRIPTION 

 

A. Provide a complete air distribution system, including outlets, piping, and specialties. Connect 

to air dryer outlet. 

 

B. Connect to air-operated equipment where shown on Drawings. 

 

C. Distribution air pressure shall be 140 PSIG. Confirm exact distribution air pressure with 

the Owner. 

 

D. Provide shut-off valve and quick disconnects on airline drops where shown on Drawings. 

 

E. Confirm exact location of air drops, configurations, valve locations, and quick disconnect 

size and type with the Owner before installation. 

 

F. Test complete system. 

 

1.02 ACTION SUBMITTALS 

A. Product Data: 

• Plastic pipes, fittings, and valves. 

• Dielectric fittings. 

• Flexible pipe connectors. 

• Safety valves. 

• Pressure regulators. Include rated capacities and operating characteristics. 

• Automatic drain valves. 

• Filters. Include rated capacities and operating characteristics. 

• Quick couplings. 

• Hose assemblies. 

 

 

PART 2 PRODUCTS 

 

2.01 AIR PIPING 

 

A. Type “L” hard drawn copper tubing with wrought copper fittings (ASTM B88). OPTION: 

“T Drill” mechanically formed connections, brazed joints. 

 

B. Schedule 40 black steel (ASTM A53CW): 2 in. and smaller: 150 lb. malleable iron threaded 

fittings (ASTM A47). 

 

2.02 SOLDER AND BRAZING ALLOYS 

 

A. Solder: 95 5 Tin-Antimony (ASTM B32). 
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B. Copper Brazing Alloys: Silver/phosphorus or silver/zinc alloys having a melting point 

greater than 1,000 deg. F. (ANSI B 31.1). 

 

1. Sil Fos filler as manufactured by Handy Harmon. 

 

2. Aircosil filler as manufactured by Airco Welding Products. 

 

3. Stay Silv filler as manufactured by Harris. 

 

2.03 VALVES 

 

A. Ball Valves, 2 in. and smaller: Milwaukee “Butterball” Model BB2 100 or BB2 350. 150 lb. 

SWP, bronze body, Viton seat, threaded or solder joint ends, full port, stainless steel disc and 

stem, and lever handle. 

 

B. Check Valves, 2 in. and smaller: Nibco No. T 413 or S 413. 200 lb. WOG, bronze body, 

horizontal swing, and threaded or solder joint ends. 

C. Other Acceptable Manufacturers: Approved equal by Nibco, Jenkins, Apollo, Keystone, 

Powell, Crane, Lunkenheimer, Milwaukee, Walworth, or Watts. 

 

D. Each type valve shall be by same Manufacturer. 

 

2.04 CENTRIFUGAL SEPARATOR 

 

A. Kaeser Model KFS 60. High-efficiency in-line separator with separator core and glass fiber 

filter. 

 

2.05 AIR DRIP TRAPS 

 

A. Armstrong No. 71 A. Snap-action, 3/4 in. connection. 

 

B. Other Acceptable Manufacturer: Approved equal by Spirax/Sarco or Hoffman. 

 

2.06 REGULATORS 

 

A. 3/4 in.: Aro Model 27354 200. Adjustable 10 PSI to 250 PSI range. Aro Model 29077: L type 

mounting bracket (where required). 

 

B. Pressure gauge: Aro Model 100083. 0 PSI to 300 PSI range. 

 

C. Install filter upstream of regulator. 

 

D. Other Acceptable Manufacturers: Approved equal by Arco, Honeywell Braukmann, A. 

W. Cash, Cla Val Co., Parker Hannifin, Lincoln, Wilkerson, Wilkins or Graco. 

 

2.07 FILTERS 

 

A. 3/4 in.: Aro Model 25351 221. 10 oz. plastic bowl with guard, automatic mechanical drain, and 

5 micron filter element. 

 

B. Other Acceptable Manufacturers: Approved equal by Arco, Balcrank, Hankison, 

Parker Hannifin, Lincoln, Milton, or Wilkerson. 
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2.08 OIL LUBRICATORS 

 

A. 3/4 in.: Aro Model L26451 110. 32 oz. oil capacity metal bowl with sight glass, and 190 

SCFM air flow rating at 90 PSIG. 

 

B. Other Acceptable Manufacturers: Approved equal by Arco, Balcrank, Parker Hannifin, 

Lincoln, Milton, Wilkerson or Graco. 

 

2.09 OPTION TO FURNISHING SEPARATE ITEMS: FILTER / REGULATOR / LUBRICATORS 

 

A. 3/4 in.: Aro Model 28358. Pre-assembled filter, regulator, lubricator, and pipe nipple for end- 

of-line installations. 

 

2.10 FLEXIBLE CONNECTORS 

 

A. Flexonics 401M Series. Stainless steel hose and braid, 250 deg. F. rating, threaded or solder 

ends, and flange ends where required. 

B. Other Acceptable Manufacturers: Approved equal by Anaconda, Keflex, Metraflex, Proco 

or Graco. 

 

2.11 QUICK COUPLERS 

 

A. Parker 20 Series, Model 25 F. Steel, 1/2 in. female pipe thread, 3/8 in. body. Verify body size 

and type with the Owner before ordering. Provide (1) companion male quick coupler per 

female quick coupler to the Owner. 

 

1. Other Acceptable Manufacturers: Approved equal by Aero, Aeroquip, Aro, 

Balcrank, Breco, Dyna Quip, Foster, Hansen, Hoffman, Lincoln, Milton, Schrader 

or Graco. 

 

2.12 STRAINERS 

 

A. Y Pattern: Armstrong No. AISC. Semisteel body, stainless steel screen, and threaded ends. 

Provide drain valve on strainer. 

 

B. Basket: Armstrong. Bronze body, Monel screen, and threaded ends. Provide drain valve on 

strainer. 

 

C. Other Acceptable Manufacturers: Anderson, Crane, Wilkins, Spirax/Sarco, or Watts. 

 

PART 3 EXECUTION 

 

3.01 INSTALLATION OF PIPING 

A. Install piping concealed from view and protected from physical contact by building occupants, unless 

otherwise indicated and except in equipment rooms and service areas. 

B. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 

parallel to building walls. Diagonal runs are prohibited unless otherwise indicated. 
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C. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal and to 

coordinate with other services occupying that space. 

D. Where installing piping adjacent to equipment and machines, allow space for service and maintenance. 

E. Install air and drain piping with 1 percent slope downward in direction of flow. 

F. Install nipples, flanges, unions, transition and special fittings, and valves with pressure ratings same as 

or higher than system pressure rating unless otherwise indicated. 

G. Equipment and Specialty Flanged Connections: 

1. Use steel companion flange with gasket for connection to steel pipe. 

2. Use cast-copper-alloy companion flange with gasket and brazed or soldered joint for connection to 

copper tube. Do not use soldered joints for connection to air compressors or to equipment or 

machines producing shock or vibration. 

H. Extended-tee outlets with brazed branch connection may be used for copper tubing, within extruded-tee 

connection diameter to run tube diameter ratio for tube type, in accordance with Extruded Tee 

Connections Sizes and Wall Thickness for Copper Tube (Inches) Table in ASTM F2014. 

I. Install eccentric reducers where compressed-air piping is reduced in direction of flow, with bottoms of 

both pipes and reducer fitting flush. 

J. Install branch connections to compressed-air mains from top of main. Provide drain leg and drain trap at 

end of each main and branch and at low points. 

K. Install pressure gauge on discharge piping from each air compressor and on each receiver. Comply with 

requirements in Section 220500 "Common Work Results for Plumbing." 

L. Install piping to permit valve servicing. 

M. Install piping free of sags and bends. 

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

O. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for 

sleeves specified in Section 220500 "Common Work Results for Plumbing." 

P. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for 

sleeve seals specified in Section 220500 "Common Work Results for Plumbing." 

Q. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for 

escutcheons specified in Section 220500 "Common Work Results for Plumbing." 

3.02 INSTALLATION OF SPECIALTIES 

A. Install safety valves on receivers in quantity and size to relieve at least the capacity of connected air 

compressors. 

B. Install air-main pressure regulators in compressed-air piping at or near air compressors. 

C. Install air-line pressure regulators in branch piping to equipment and tools. 
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D. Install mechanical filters in compressed-air piping at or near air compressors and downstream from 

coalescing filters. Mount on wall at locations indicated. 

E. Install quick couplings at piping terminals for hose connections. 

F. Install hose assemblies at hose connections. 

G. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final connection to 

each piece of equipment and machine. 

3.03 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements in Section 220529 "Hangers and Supports for Plumbing Piping and 

Equipment" for hangers, supports, and anchor devices. 

B. Install hangers for copper tubing and steel piping, with maximum horizontal spacing and minimum rod 

diameters, to comply with MSS SP-58, locally enforced codes, and authorities having jurisdiction 

requirements, whichever are most stringent. 

C. Install hangers for aluminum piping, with maximum horizontal spacing and minimum rod diameters, to 

comply with manufacturer's written instructions, locally enforced codes, and authorities having 

jurisdiction requirements, whichever are most stringent. 

D. Support horizontal piping within 12 inches (300 mm) of each fitting and coupling. 

E. Support vertical runs of copper tubing and steel piping to comply with MSS SP-58, locally enforced 

codes, and authorities having jurisdiction requirements, whichever are most stringent. 

F. Support vertical runs of aluminum piping to comply with manufacturer's written instructions, locally 

enforced codes, and authorities having jurisdiction requirements, whichever are most stringent. 

G. Individual, Straight, Horizontal Piping Runs: 

1. 100 Ft. (30 m) or Less: MSS Type 1, adjustable, steel clevis hangers. 

2. Longer Than 100 Ft. (30 m): MSS Type 43, adjustable roller hangers. 

H. Multiple, Straight, Horizontal Piping Runs 100 Ft. (30 m) or Longer: MSS Type 44, pipe rolls. Support 

pipe rolls on trapeze. 

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

3.04 LABELING AND IDENTIFICATION 

A. Install identifying labels and devices for general-service compressed-air piping, valves, and specialties. 

Comply with requirements in Section 220553 "Identification for Plumbing Piping and Equipment." 

3.05 FIELD QUALITY CONTROL 

A. Perform field tests and inspections. 

B. Tests and Inspections: 

1. Piping Leak Tests for Metal Compressed-Air Piping: Test new and modified parts of existing piping. 

Cap and fill general-service compressed-air piping with oil-free dry air or gaseous nitrogen to 

pressure of 50 psig (345 kPa) above system operating pressure, but not less than 150 psig (1035 kPa) 
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<Insert pressure>. Isolate test source and let stand for four hours to equalize temperature. Refill 

system, if required, to test pressure; hold for two hours with no drop in pressure. 

2. Piping Leak Tests for Aluminum Compressed-Air Piping: Test new piping system and modified parts 

of existing piping system. Cap and fill general-service compressed-air piping system to pressure of 15 

psig (105 kPa), hold pressure for 10 minutes. Repeat until reaching required operating pressure, not to 

exceed 220 psig (1515 kPa). Once desired operating pressure is met, let stand for one hour. 

3. Repair leaks and retest until no leaks exist. 

4. Inspect filters and pressure regulators for proper operation. 

C. Prepare test and inspection reports. 

 

 

 

END OF SECTION 22 15 13 
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SECTION 22 15 19 

 

GENERAL SERVICE PACKAGED AIR COMPRESSORS AND 

RECEIVERS 

 

PART 1 GENERAL 

 

1.01 DESCRIPTION 

 

A. Provide an air compressor and refrigerated air dryer where shown on Drawings. 

 

1.02 ACTION SUBMITTALS 

 

A. Product Data 

B. Product Data submittals. 

C. Shop Drawings 

1.03 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.04 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Comply with manufacturer's written instructions for delivery, storage, and handling. 

 

 

PART 2 PRODUCTS 

 

2.01 AIR COMPRESSOR 

 

A. AC 1: Champion Model VR15F 12. 2 cylinder, 15 HP motor, 208 volts, 3 phase, 1,045 RPM, 

49.0 CFM at 175 PSI delivery, 120 gallon vertical ASME receiver tank, complete with 

compressor, motor, and accessories. 

 

1. Accessories: 

 

a. Air-cooled after-cooler. 

 

b. Air intake silencer-filter. 

 

c. Full-time low oil level shutoff control with manual reset to prevent 

restarting while oil is being added. 
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d. OSHA-approved, totally enclosed belt guard. 

 

e. Compressor-mounted magnetic starter with thermal overload protection. 

 

f. Relay and 120 volt coil for wall-mounted pilot switch. 

 

g. Pressure switch. Set pressure switch for 140 PSI. 

 

2. Other Acceptable Manufacturers: Ingersoll-Rand or Emglo. 

 

2.02 AIR DRYER 

 

A. AD 1: Champion Model CRN75, 75 SCFM at 100 PSI at 100 deg. F., 33 in. high x 25 in. wide 

x 26 in. deep, 1/3 HP, 120 volts, heat/sink cycling type, refrigerated model, self-contained 

starter controls, air-cooled dryer with pre-cooler, re-heater, air-to-refrigerant heat exchanger, 

water separator, automatic drain, compressor, condenser, regulator, refrigerant receiver, sight 

glass, high-pressure refrigerant cutoff, on-off switch, automatic condensate trap, power-on 

light, outlet air pressure gauges, automatic start-stop control, inlet and outlet air temperature 

gauge, high- temperature warning light, ambient air filters, and wall-mounted. 

 

B. Other Acceptable Manufacturers: Approved equal by General Air, Hankison, Kahn, Kel 

Air, Kellog-American, Pure Air, Nash, Van-Air, Wilkerson, or Worthington. 

 

PART 3 EXECUTION 

 

 

3.01 INSTALLATION OF EQUIPMENT 

A. Examine roughing-in of compressed air piping to verify actual location before air compressor 

installation. 

B. Equipment Mounting 

1. Install air compressors and air dryers on cast-in-place concrete equipment base(s). Comply with 

requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place 

Concrete." 

C. Install compressed-air equipment anchored to substrate. 

D. Arrange equipment so controls and devices are accessible for servicing. 

E. Maintain manufacturer's recommended clearances for service and maintenance. 

F. Install the following devices on compressed-air equipment: 

1. Thermometer, Pressure Gauge, and Safety Valve: Install on each compressed-air receiver. 

2. Pressure Regulators: Install downstream from air compressors and dryers. 

3. Automatic Drain Valves: Install on aftercoolers, receivers, and dryers. Discharge condensate over 

nearest floor drain. 
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3.02 PIPING CONNECTIONS 

A. Comply with requirements for piping specified in Section 221513 "General-Service Compressed-Air 

Piping." Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Where installing piping adjacent to equipment, allow space for service and maintenance. 

 

3.03 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems.” 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with 

NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and circuit 

number feeding connection 

a. Nameplate to be laminated acrylic or melamine plastic signs, as specified in Section 260553 

"Identification for Electrical Systems." 

b. Nameplate to be laminated acrylic or melamine plastic signs with a black background and 

engraved white letters at least 1/2 inch (13 mm) high. 

3.04 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power Cables." 

3.05 IDENTIFICATION 

A. Identify general-service air compressors and components. Comply with requirements for identification 

specified in Section 220553 "Identification for Plumbing Piping and Equipment.” 

 

3.06 STARTUP SERVICE 

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

a. Complete installation and startup checks in accordance with manufacturer's written instructions. 

b. Check for lubricating oil in lubricated-type equipment. 

c. Check belt drives for proper tension. 

d. Verify that air compressor inlet filters and piping are clear. 

e. Check for equipment vibration-control supports and flexible pipe connectors, and verify that 

equipment is properly attached to substrate. 

f. Check safety valves for correct settings. Ensure that settings are higher than air compressor 

discharge pressure, but not higher than rating of system components. 

g. Drain receiver tanks. 

h. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor 

rotation and unit operation. 

i. Test and adjust controls and safeties. 

 

3.07 ADJUSTING 

A. Adjust equipment to function smoothly and lubricate as recommend by the manufacturer.  

B. Adjust control set points.  

 

3.08 FIELD QUALITY CONTROL 

A. Test Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Tests and Inspections: 
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a. Perform each visual and mechanical inspection. 

b. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no 

leaks exist. 

c. Operational Test: After electrical circuity has been energized, start unit to confirm proper motor 

rotation and unit operation. 

d. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 

e. Air compressors, aftercoolers, air dryers, and controllers will be considered defective if they do 

not pass tests and inspections. 

C. Prepare test and inspection reports. 

 

3.09 DEMONSTRATION 

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

operate, and maintain air compressors and air dryers. 

 

END OF SECTION 22 15 19 
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SECTION 22 33 33 
 

GAS FIRED WATER 
HEATER 

 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. Provide gas fired tank type water heater including accessories listed in this 

specification and as necessary for proper operation of system. 
 

B. Install per manufacturer’s recommendations. 
 
1.02 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of fuel-fired water heaters that fail in materials or 
workmanship within specified warranty period. 

 
1. Failures include, but are not limited to, the following: 

 
a. Structural failures including storage tank and supports. 

 
b. Faulty operation of controls. 

 
c. Deterioration of metals, metal finishes, and other materials beyond normal 

use. 
 
d.  

 
B. Warranty Period(s): 5 years from date of Substantial 

Completion 

1.03 ACTION SUBMITTALS 
A. Product data: for each type of product 

 
 
PART 2 PRODUCTS 

2.01 WATER HEATER 
 

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

 
a. Lochinvar Corporation. 

 
b. PVI Industries, LLC. 

 
c. Rheem Water Heater Div.; Rheem Manufacturing Company. 

 
d. Ruud Water Heater Div.; Rheem Manufacturing Company. 
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e. Smith, A. O. Water Products Company. 

 
B. Storage-Tank Construction: ASME Code steel with 150-psig working-pressure rating. 

 
a. Tappings: Factory fabricated of materials compatible with tank. 

Attach tappings to tank before testing. 
 

1) NPS 2 and Smaller: Threaded ends according to ASME B1.20.1. 
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2) NPS 2-1/2 and Larger: Flanged ends according to ASME 
B16.5 for steel and stainless-steel flanges, and according to 
ASME B16.24 for copper and copper-alloy flanges. 

 
1. Interior Finish: Comply with NSF 61 barrier materials for potable-water tank 

linings, including extending finish into and through tank fittings and outlets 
 

2. Factory-Installed, Storage-Tank Appurtenances: 
 

b. Anode Rod: Replaceable magnesium. 
 

c. Dip Tube: Provide unless cold-water inlet is near bottom of tank. 
 

d. Drain Valve: Corrosion-resistant ball valve complying with ASSE 1005. 
 

e. Insulation: Comply with ASHRAE/IESNA 90.1. Surround entire 
storage tank except connections and controls. 

 
f. Jacket: Steel with enameled finish. 

 
g. Combination Temperature and Pressure Relief Valves: ANSI 

Z21.22/CSA 4.4. Include one or more relief valves with total relieving 
capacity at least as great as heat input, and include pressure setting 
less than water heater working- pressure rating. Select one relief valve 
with sensing element that extends into storage tank. 

 
3. Burner and Heat Exchanger: Comply with UL 795 for high efficiency water 

heaters and for natural-gas fuel. 

 
4. Temperature Control: Adjustable thermostat. 

 
C. Safety Controls: Automatic, high-temperature-limit and low-water cutoff devices or 

systems 
 
2.02 THERMAL EXPANSION TANKS 

 
A. Description: Steel, pressure-rated tank constructed with welded joints and factory-

installed, butyl-rubber diaphragm. Include air - to minimum system-operating 
pressure at tank. 

 
1. Manufacturers: 

 
a. AMTROL Inc. 

 
b. Armstrong Pumps, Inc. 

 
c. Taco, Inc. 

 
d. Watts Regulator Co. 

 
e. Wessels Co. 

 
2. Construction: 
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a. Tappings: Factory-fabricated steel, welded to tank before testing and 
labeling. Include ASME B1.20.1 pipe thread. 
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b. Interior Finish: Comply with NSF 61 barrier materials for potable-
water tank linings, including extending finish into and through tank 
fittings and outlets. 

 
c. Air-Charging Valve: Factory installed. 

 
3. Capacity and Characteristics: 

 
a. Working-Pressure Rating: 150 psig. 

 
b. Air Pre-charge Pressure: 40 psig. 

 
c. Tappings: Factory-fabricated steel, welded to tank before testing and 

labeling. Include ASME B1.20.1 pipe thread. 
 
2.03 WATER HEATER ACCESSORIES 

 
A. Gas Shutoff Valves: ANSI Z21.15/CGA 9.1, manually operated. Furnish for 

installation in piping. 
 

B. Gas Pressure Regulators: ANSI Z21.18, appliance type. Include pressure rating, 
capacity, and pressure differential required between gas supply and water heater. 

 
C. Gas Automatic Valves: ANSI Z21.21, appliance, electrically operated, on-off automatic 

valve. 
 

D. Water Heater Stands: Water heater manufacturer's factory-fabricated steel stand 
for floor mounting and capable of supporting water heater and water. Provide 
dimension that will support bottom of water heater a minimum of 18 inches above 
the floor. 

 
E. Drain Pans: Corrosion-resistant metal with raised edge. Provide dimensions not 

less than base of water heater and include drain outlet not less than NPS 3/4. 
 

F. Piping-Type Heat Traps: Field-fabricated piping arrangement according to 
ASHRAE/IESNA 
90.1 or ASHRAE 90.2. 

 
 
PART 3 EXECUTION 

3.01 INSTALLATION OF DOMESTIC-WATER HEATER 

A. Commercial, Domestic-Water Heater Mounting: Install commercial domestic-water heaters on 
concrete base. Comply with requirements for concrete base specified in Section 033000 
"Cast-in-Place Concrete." 

1. Exception: Omit concrete bases for commercial domestic-water heaters if installation on 
stand, bracket, suspended platform, or directly on floor is indicated. 

2. Maintain manufacturer's recommended clearances. 
3. Arrange units so controls and devices that require servicing are accessible. 
4. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 

indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of 
concrete base. 
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5. For supported equipment, install epoxy-coated anchor bolts that extend through 
concrete base and anchor into structural concrete floor. 

6. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

7. Install anchor bolts to elevations required for proper attachment to supported equipment. 
8. Anchor domestic-water heaters to substrate. 

B. Install domestic-water heaters level and plumb, in accordance with layout drawings, 
original design, and referenced standards. Maintain manufacturer's recommended 
clearances. Arrange units so controls and devices needing service are accessible. 

1. Install shutoff valves on domestic-water-supply piping to domestic-water heaters and on 
domestic-hot-water outlet piping. Comply with requirements for shutoff valves specified 
in Section 220523 "General-Duty Valves for Plumbing Piping." 

C. Install gas-fired, domestic-water heaters in accordance with NFPA 54. 

1. Install gas shutoff valves on gas supply piping to gas-fired, domestic-water heaters 
without shutoff valves. 

2. Install gas pressure regulators on gas supplies to gas-fired, domestic-water heaters 
without gas pressure regulators if gas pressure regulators are required to reduce gas 
pressure at burner. 

3. Install automatic gas valves on gas supplies to gas-fired, domestic-water heaters if 
required for operation of safety control. 

4. Comply with requirements for gas shutoff valves, gas pressure regulators, and automatic 
gas valves specified in Section 231123 "Facility Natural-Gas Piping." 

D. Install combination temperature-and-pressure relief valves in top portion of storage 
tanks. Use relief valves with sensing elements that extend into tanks. Extend domestic-
water-heater relief-valve outlet, with drain piping same as domestic-water piping in 
continuous downward pitch, and discharge by positive air gap onto closest floor drain. 

E. Install combination temperature-and-pressure relief valves in water piping for domestic-
water heaters without storage. Extend domestic-water-heater relief-valve outlet, with 
drain piping same as domestic-water piping in continuous downward pitch, and 
discharge by positive air gap onto closest floor drain. 

F. Install water-heater drain piping as indirect waste to spill by positive air gap into open 
drains or over floor drains. Install hose-end drain valves at low points in water piping for 
domestic-water heaters that do not have tank drains. Comply with requirements for 
hose-end drain valves specified in Section 221119 "Domestic Water Piping Specialties." 

G. Install thermometer on outlet piping of domestic-water heaters. Comply with 
requirements for thermometers specified in Section 220500 "Common Work Results for 
Plumbing." 

H. Assemble and install inlet and outlet piping manifold kits for multiple domestic-water 
heaters. Fabricate, modify, or arrange manifolds for balanced water flow through each 
domestic-water heater. Include shutoff valve and thermometer in each domestic-water 
heater inlet and outlet, and throttling valve in each domestic-water heater outlet. Comply 
with requirements for valves specified in Section 220523 "General-Duty Valves for 
Plumbing Piping" and comply with requirements for thermometers specified in Section 
220500 "Common Work Results for Plumbing." 
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I. Install piping-type heat traps on inlet and outlet piping of domestic-water heater storage 
tanks without integral or fitting-type heat traps. 

J. Fill domestic-water heaters with water. 

K. Charge domestic-water expansion tanks with air to required system pressure. 

L. Install dielectric fittings in all locations where piping of dissimilar metals is to be joined. 
The wetted surface of the dielectric fitting contacted by potable water shall contain less 
than 0.25 percent of lead by weight. 

M. Identify system components. Comply with requirements for identification specified in 
Section 220553 "Identification for Plumbing Piping and Equipment." 

3.02 PIPING CONNECTIONS 

A. Comply with requirements for domestic-water piping specified in Section 221116 
"Domestic Water Piping." 

B. Comply with requirements for fuel-oil piping specified in Section 231113 "Facility Fuel-
Oil Piping." 

C. Comply with requirements for gas piping specified in Section 231123 "Facility Natural-
Gas Piping." 

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

E. Where installing piping adjacent to fuel-fired, domestic-water heaters, allow space for 
service and maintenance of water heaters. Arrange piping for easy removal of 
domestic-water heaters. 

3.03 FIELD QUALITY CONTROL 
A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest 
until no leaks exist. 

2. Operational Test: After electrical circuitry has been energized, start units to confirm 
proper operation. 

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

C. Domestic-water heaters will be considered defective if they do not pass tests and 
inspections. 

D. Prepare test and inspection reports. 
 

 
3.04 DEMONSTRATION 
A. Train Owner's maintenance personnel to adjust, operate, and maintain commercial, 

gas-fired, storage, domestic-water heaters. Training shall be a minimum of one hour(s). 
 

END OF SECTION 22 33 33 
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SECTION 22 42 00 

COMMERCIAL PLUMBING FIXTURES 

PART 1 GENERAL 

 
1.01 DESCRIPTION 

 
A. Provide plumbing fixtures installed in place, complete with supports, supply, and waste trim as 

indicated on the Drawings. 

 
B. All fixtures shall have vandal-resistant handles, aerators, escutcheons, carriers, nuts, and bolts. 

 
C. All trim and exposed piping shall be chrome-plated, unless noted otherwise. 

 
D. Faucets shall have ceramic disc valve cartridges or cam activated diaphragm valve cartridges. 

 
E. Exposed metal parts shall be nonferrous and chrome-plated, unless otherwise noted. Vitreous 

china or enamel fixtures and trim shall be free of defects. Plumbing fixtures shall be white in 
color, unless otherwise noted. 

 
F. All plumbing fixtures shall be of commercial quality and free of defects. 

 
G. Provide trim, fittings, carriers, angle stops, chrome water supply piping, and all accessories 

required for a complete installation. 
 

H. Fixture connection sizes are shown on Drawings. 

 
I. All vitreous china plumbing fixtures resting against a wall or floor shall have ground mating 

surfaces and shall be caulked with silicone sealant of a color to match the fixture. Remove 
excess material after fixture installation. 

 
J. Provide a 1/4 in. bead of caulk or silicone sealant around the perimeter of casework openings 

for all countertop fixtures. Remove excess material after fixture installation. 
 

K. Water closet flush valve handle shall be left handed operation, unless required to be right- 
handed operation to comply with ADA Guidelines. Flush valve trip lever shall be mounted on 
the wide side of the water closet stall. 
 

1.02 ACTION SUBMITTALS 

 

A. Product Data 

B. Product Data submittals. 

C. Shop Drawings 

1.03 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Comply with manufacturer's written instructions for delivery, storage, and handling. 
 

 
PART 2 PRODUCTS 

 
2.01 PLUMBING FIXTURES AND ACCESSORIES 
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A. Acceptable Fixture Manufacturers: 

 
1. Vitreous China Fixtures: American Standard, Kohler, Eljer, or Crane. 

 
2. Urinal: Sloan, Kohler, or American Standard. 

 
3. Wash fountain: Bradley, Acorn Sanispray, Intersan, or Willoughby. 

 
4. Food Waste Grinder: In-Sink-Erator, Hobart, Kitchen-Aid, Waste King, or Master. 

 
5. Mop Service Basin: American Standard, Fiat, Powers, Standard Elsmere, Stern 

Williams, Mustee, Florestone, Swan, Creative Industries, Zurn, or Ceco. 
 

6. Sinks: Elkay, Just, American Standard, Mustee. 

 
B. Acceptable Accessory Manufacturers: 

 
1. Flush Valves (with vandal-resistant stop): Sloan, Delany, or Zurn. 

 
2. Water Closet Seats: Beneke, Church, Kohler, Bemis, Olsonite, Centoco, or Sperzel. 

 
3. Faucets: Chicago Faucet, American Standard, Elkay, Kohler, Eljer, Crane, T & S 

Brass Company, Grohe, Speakman, Moen, Zurn, Delta, Sloan, or Symmons. 

 
4. Supplies, Escutcheons, and Traps: Brasscraft, Bridgeport, Consolidated, Frost, 

Waterway, McGuire Mfg. Co., Dearborn, Sanitary-Dash, Speedway, Zurn, or Anso- 
Flex. 

 
2.02 CARRIERS 

 
A. All carriers shall be specifically chosen to accommodate the particular brand and style of fixture 

actually installed, the particular type of floor and wall actually present at each fixture location, 
and the piping arrangement at each fixture. Furnish plastic or metal positioning frames to 
isolate carrier bolts from wall construction. 

 
B. Provide a heavy-duty, rectangular vertical support, floor-supported, commercial type fixture 

carrier for each wall-mounted plumbing fixture, unless noted otherwise. 
 

C. Water Closets: Zurn Model Z1203 or Z1204. Floor-supported, with buttress foot and foot 
anchor, rear foot support, flush valve supply support, cast iron, commercial type. Coordinate 
location of carrier closely with the A/E. 

 
D. Urinals: Heavy-duty type Zurn Model Z1222. 

 
E. Other Acceptable Manufacturers: Approved equal by Jay R. Smith, Wade, or Josam. 

 
 
 

2.03 SINK 

 
A. SK 1: Elkay “Lustertone,” Model LR 3319. Countertop, 18 ga. stainless steel, 33 in. x 19 1/2 

in. x 6.5 in. deep, double compartment, each 14 in. x 14 in. x 6.5 in. deep, 3 hole punching, #3 
finish, and undersides fully undercoated. 

 
1. Faucet: American standard model 7231. Brass gooseneck spout, 2.2 GPM aerator, 

and chrome water supply piping with wheel angle stops. 

 
2. Food waste grinder: In-Sink-Erator Model PRO ES. Install in drain opening in left 

compartment. Stainless steel grinding chamber, sound-insulated, stainless steel 
shredder and impeller, overload protection, 3/4 HP, 120 volts, listed and labeled by 
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Underwriters Laboratories, Inc. (UL). 

 
3. Drain: Elkay Model LK 35. Strainer, 1 1/2 in. chrome 17 ga. tailpiece, chrome cast 

brass trap with cleanout plug, and chrome 17 ga. drain to wall. 

 
4. Escutcheon plates: Chrome metal supply and waste. 

5. Coordinate size of sink with the Casework Contractor before ordering sink. Install sink 
in countertop and casework. 

 
B. SK-2: Mustee model 19F ULTRATUB. Floor mounted, vitreous china, 20 in. x 24 in. x 14 in. 

deep, single bowl, 3 hole punching, 4” centerset, one piece molded construction using 
structural thermoplastics with matched meatal molds under extreme heat and pressure. Tub to 
include integrally molded drain assembly for connection to standard 1-1/2” P trap. Include 
stopper, wall mounting hardware, heavy gauge steel legs with built-in leveler. Shall meet ANSI 
specification Z 124.6. Color: white. 

 
1. Faucet: Mustee model 93.600, Chrome finish, 4” center set brass faucet. 6” swing 

spout with aerator, level handles, replaceable seats and stems. 
 
2.04 WATER CLOSETS 

 
A. WC 1 (wall-mounted, flush valve, back outlet): American Standard “Afwall,” Model 3351.001. 

Low consumption, 1.6 GPF, siphon jet, elongated bowl, vitreous china, and 1 1/2 in. top spud. 

 
1. Seat: American Standard 5901.100. Commercial-grade, open front, extra heavy-duty, 

solid white, flame-retardant polypropylene plastic, with self-sustaining check hinge, 
integral molded bumper, and no cover. 

 
2. Flush valve: American standard 6047.161.002. Chrome with 1 in. screwdriver angle 

stop, adjustable tailpiece, vacuum breaker, and chrome metal escutcheon plate. 

 
3. Carrier: Provide adjustable carriers for battery of closets, fixed for single closets. 

Vandal-resistant trim on carrier. 
 

B. WC 2: (ADA-compliant, floor-mounted, flush valve, back outlet): American Standard Model 
3695.001, low consumption, 1.6 GPF, siphon jet, elongated bowl, vitreous china, with bolt 
caps, and 1-1/2 in. top spud. 

 
1. Seat: American Standard 5901.110. Commercial-grade, open front, extra heavy-duty, 

solid white, flame-retardant polypropylene plastic, with self-sustaining check hinge, 
integral molded bumper, and no cover. 

 
2. Flush valve: American standard model 6047.161.002. Chrome with 1 in. screwdriver 

angle stop, Dual-Flush, adjustable tailpiece, vacuum breaker, and chrome metal 
escutcheon plate. 

 
a. Shorten flush valve outlet tube to allow clearance under grab bar for flush 

valve servicing. 

 
b. Conform to ADA Accessibility Guidelines concerning location of flush valve trip 

lever. 
 

3. Carrier: Provide heavy duty carrier. Install at handicapped height. 

 
2.05 URINALS 

 
A. UR 1 (ADA-compliant, wall-mounted, back outlet): American standard 6501.010. Vitreous 

china, 2 in. back outlet. ¾” top inlet spud. 

 
1. Carrier: Provide heavy-duty carrier. 
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2. Provide manual flush valve. 

 
B. Carrier: Provide heavy-duty carrier. Install at handicapped height. 

 
2.06 LAVATORIES 

 
A. LAV 1 countertop with integral bowl. 

 
1. Faucet: Chicago Faucet Model 2302-ABCP. Chrome, deck mounted single hole with 

side valve single lever, with vandal-resistant 2.2 GPM aerator, chrome water supply 
piping with lockshield angle stops, and vandal-resistant, time-adjustable, 2 in. minimum 
diameter, palm pushbuttons indexed “H” and “C.” Faucet shall have full flow during all 
times of operation. 

 
2. Drain: Chicago Faucet Chrome grid, 1 1/4 in. chrome 17 ga. tailpiece, chrome cast 

brass trap with cleanout plug, and chrome 17 ga. drain to wall. coordinate with sink 
bowl. 

 
3. Escutcheon plates: Chrome metal supply and waste. 

 
2.07 WASH FOUNTAIN 

 
A. WF 1: Bradley “Classic” Model WF2704 Type A. 54 in. diameter, semicircular, stainless steel 

basin, nylon liquid soap dispenser with vandal-resistant filler cap, vandal-resistant restraining 
bracket, stainless steel scuff bases, vandal-resistant panels and backsplash, foot-operated self- 
closing valve, flow control, 3.0 GPM water-saver sprayhead, spud and strainer, thermostatic 
mixing valve, and combination stop, strainer, and check valves on hot and cold. Install 1 1/2 in. 
cast brass trap with cleanout plug, 17 ga. drain to wall, water supply piping with wheel stops, 
and chrome metal supply and waste escutcheon plates. Secure to wall. 

 
2.08 MOP SERVICE BASIN 

 
A. MSB 1: Fiat Model MSB 2424. Molded stone, 24 in. x 24 in. x 10 in. high, 3 in. outlet. 

 
1. Faucet: Chicago Faucet Model 897. Service sink faucet at 3.0 GPM, bucket hook, 

hose end rigid spout with top wall brace, vacuum breaker, lever handles, stops in 
shanks, rough chrome-plated. Mount faucet at 36 in. above finished floor. 

 
2. Strainer: Fiat Model 1453 BB. 

 
3. Hose and hose bracket: Fiat Model 832 AA. 

 
4. Mop hanger: Fiat Model 889 CC. Install at 4 ft. 0 in. above finished floor on abutting 

wall from faucet and centered on basin. 

 
5. Vinyl bumper guards: Fiat Model E 77 AA. Provide for all exposed edges. 

 
6. Wall guards: Fiat Model MSG 2424. 18 ga. stainless steel with stainless steel screws 

on (2) abutting walls and Fiat #833AA silicone sealant 

 
PART 3 EXECUTION 

3.01 INSTALLATION OF COMMERCIAL PLUMBING FIXTURES 

A. Lavatory Installation: 

1. Install lavatories level and plumb in accordance with roughing-in drawings. 

2. Install supports, affixed to building substrate, for wall-mounted lavatories. 

3. Install accessible, wall-mounted lavatories at mounting height in accordance with ICC A117.1. 
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4. Install water-supply piping with stop on each supply to each lavatory faucet. Install stops in 

locations that are accessible for ease of operation. 

5. Install trap and waste piping on each drain outlet of each lavatory to be connected to sanitary 

drainage system. 

6. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use 

deep-pattern escutcheons if required to conceal protruding fittings. Comply with escutcheon 

requirements specified in Section 220500 "Common Work Results for Plumbing." 

7. Seal joints between lavatories, counters, and walls using sanitary-type, one-part, mildew-resistant 

silicone sealant. Match sealant color to fixture color. Comply with sealant requirements specified 

in Section 079200 "Joint Sealants." 

8. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of 

accessible lavatories. Comply with requirements in Section 220719 "Plumbing Piping Insulation." 

B. Sink Installation: 

1. Install sinks level and plumb in accordance with roughing-in drawings. 

2. Install supports, affixed to building substrate, for wall-mounted sinks. 

3. Install accessible, wall-mounted sinks at mounting height in accordance with ICC A117.1. 

4. Set floor-mounted sinks in leveling bed of cement grout. 

5. Install water-supply piping with stop on each supply to each sink faucet. 

a. Exception: Use ball or gate valves if supply stops are not specified with sink. Comply with 

valve requirements specified in Section 220523 "General Duty Valves for Plumbing 

Piping." 

b. Install stops/valves in locations that are accessible for ease of operation. 

6. Install trap and waste piping on each drain outlet of each sink to be connected to sanitary drainage 

system. 

7. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use 

deep-pattern escutcheons if required to conceal protruding fittings. Comply with escutcheon 

requirements specified in Section 220500 "Common Work Results for Plumbing." 

8. Seal joints between sinks, counters, floors, and walls using sanitary-type, one-part, mildew-

resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements 

specified in Section 079200 "Joint Sealants." 

9. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of 

accessible 

C. Urinal Installation: 

1. Install urinals level and plumb in accordance with roughing-in drawings. 

2. Install wall-hung, back-outlet urinals onto waste-fitting seals and attached to supports. 

3. Install wall-hung, bottom-outlet urinals with tubular waste piping attached to supports. 

4. Install accessible, wall-mounted urinals at mounting height in accordance with ICC A117.1. 

5. Install trap-seal liquid in waterless urinals. 

6. Install supports, affixed to building substrate, for wall-hung urinals. 

7. Use off-floor carriers with waste fitting and seal for back-outlet urinals. 

8. Use carriers without waste fitting for urinals with tubular waste piping. 

9. Use chair-type carrier supports with rectangular steel uprights for accessible urinals. 

10. Measure support height installation from finished floor, not structural floor. 

11. Install flushometer-valve, water-supply fitting on each supply to each urinal. 

12. Attach supply piping to supports or substrate within pipe spaces behind fixtures. 

13. Install lever-handle flushometer valves for accessible urinals with handle mounted on open side 

of compartment. 

14. Install actuators in locations easily reachable for people with disabilities. 

15. Install new batteries in battery-powered, electronic-sensor mechanisms. 
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16. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. 

Install deep-pattern escutcheons if required to conceal protruding fittings. Comply with 

escutcheon requirements specified in Section 220500 "Common Work Results for Plumbing." 

17. Seal joints between urinals, walls, and floors using sanitary-type, one-part, mildew-resistant 

silicone sealant. Match sealant color to urinal color. Comply with sealant requirements specified 

in Section 079200 "Joint Sealants." 

18.  

D. Water Closet Installation: 

1. Install water closets level and plumb in accordance with roughing-in drawings. 

2. Install floor-mounted water closets on bowl-to-drain connecting fitting attachments to piping or 

building substrate. 

3. Install accessible, wall-mounted water closets at mounting height in accordance with 

ICC A117.1. 

4. Install supports, affixed to building substrate, for floor-mounted, back-outlet water closets. 

5. Use carrier supports with waste-fitting assembly and seal. 

6. Install floor-mounted, back-outlet water closets, attached to building floor substrate, onto waste-

fitting seals; and attach to support. 

7. Install wall-mounted, back-outlet water-closet supports with waste-fitting assembly and waste-

fitting seals, and affix to building substrate. 

8. Measure support height installation from finished floor, not structural floor. 

9. Install flushometer-valve, water-supply fitting on each supply to each water closet. 

10. Attach supply piping to supports or substrate within pipe spaces behind fixtures. 

11. Install lever-handle flushometer valves for accessible water closets with handle mounted on open 

side of water closet. 

12. Install actuators in locations easily reachable for people with disabilities. 

13. Install new batteries in battery-powered, electronic-sensor mechanisms. 

14. Install toilet seats on water closets. 

15. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. 

Install deep-pattern escutcheons if required to conceal protruding fittings. Comply with 

escutcheon requirements specified in Section 220500 "Common Work Results for Plumbing." 

16. Seal joints between water closets, walls, and floors using sanitary-type, one-part, mildew-resistant 

silicone sealant. Match sealant color to water-closet color. Comply with sealant requirements 

specified in Section 079200 "Joint Sealants." 

17.  

3.02 INSTALLATION OF PIPING CONNECTIONS 

A. Connect plumbing fixtures with water supplies and soil, waste, and vent piping. Use size 

fittings required to match plumbing fixtures. 

B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping." 

C. Comply with soil, waste, and vent piping requirements specified in Section 221316 "Sanitary 

Waste and Vent Piping." 

D. Install protective-shielding pipe covers and enclosures on exposed supplies and waste piping of 

accessible plumbing fixtures. Comply with requirements in Section 220719 "Plumbing Piping 

Insulation." 

E. Where installing piping adjacent to water closets and urinals, allow space for service and 

maintenance. 
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3.03 INSTALLATION OF ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted in accordance with 

NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and circuit 

number feeding connection. 

 

3.04 INSTALLATION OF CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power 

Cables." 

 

3.05 CLEANING AND PROTECTION 

A. After completing installation of plumbing fixtures, inspect and repair damages finishes. Replace any 

fixtures unable to be repaired to the satisfaction of the Owner. 

B. Clean plumbing fixtures and associated faucets, valves, flushometer valves, and fittings with 

manufacturers' recommended cleaning methods and materials. 

C. Provide protective covering for installed plumbing fixtures and associated faucets, valves, flushometer 

valves, and fittings. 

D. Do not allow use of plumbing fixtures for temporary facilities unless approved in writing by Owner. 

 

 
 

END OF SECTION 22 42 00 
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SECTION 22 45 00 

EMERGENCY PLUMBING FIXTURES 

PART 1 GENERAL 

 
1.01 DESCRIPTION 

 
A. Provide emergency plumbing fixtures installed in place, complete with supports, supply, and 

waste trim as indicated on the Drawings. 

 
B. All fixtures shall have vandal-resistant handles, aerators, escutcheons, nuts, and bolts. 

 
C. All trim and exposed piping shall be chrome-plated, unless noted otherwise. 

 
D. Exposed metal parts shall be nonferrous and chrome-plated, unless otherwise noted. 

 
E. All emergency fixtures shall be of commercial quality and free of defects. 

 
F. Provide trim, fittings, and all accessories required for a complete installation. 

 
G. Fixture connection sizes are shown on Drawings. 
 

1.02 ACTION SUBMITTALS 

A. Product data. 

B. Shop Drawings: 

• Plans, elevations, sections, and mounting details. 

• Details of equipment assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location 

and size of each field connection. 

• Vibration Isolation Base Details: Detail fabrication including anchorages 

and attachments to structure and to supported equipment. Include 

adjustable motor bases, rails, and frames for equipment mounting. 

• Diagrams for power, signal, and control wiring. 

1.03 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Emergency fixture third-party certification documentation. 

1.04 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 
 

 
PART 2 PRODUCTS 
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2.01 PLUMBING FIXTURES AND ACCESSORIES 

 
A. Acceptable Fixture Manufacturers for Emergency Shower and Eye Wash: Guardian, Bradley, 

Encon, Haws, Speakman, Water Saver, or Western. 
 

B. Manufacturer and Model Number listed below under other paragraphs of Part 2 shall be 
considered to be the Design Base Manufacturer and Model Number. Other Acceptable 
Manufacturers listed herein will be permitted, unless specifically excluded. 

 
2.02 EMERGENCY SHOWER/EYE WASH 

 
A. ESEW 1: Guardian GBF1909-GC-FC20-TMV. Floor mounted, ADA-compliant emergency 

shower and eye wash. Green ABS plastic shower head with stay open ball valve with pull rod 
and triangular handle, four ABS plastic soft flow eye/face spray with stay open ball valve with 
push flag, stainless steel bowl and thermostatic mixing valve assembly (set outlet temperature 
for 85 degrees F). Provide 1 1/4 in. water supply and 1 1/2 in. drain. Provide dust cover 
assembly. Install “Emergency Shower/Eye Wash” identification sign on emergency shower 
vertical pipe. Unit shall conform to ANSI Z358.1-2004. Secure unit to floor and wall. 
 

PART 3 EXECUTION 

3.01 INSTALLATION OF EMERGENCY PLUMBING FIXTURES 

A. Assemble emergency plumbing fixture piping, fittings, control valves, and other components. 

B. Install fixtures level and plumb. 

C. Fasten fixtures to substrate. 

D. Install shutoff valves in water-supply piping to fixtures, to facilitate maintenance of equipment. Use ball 

or gate valve if specific type valve is not indicated. Install valves chained or locked in open position if 

permitted. Install valves in locations where they can easily be reached for operation. Comply with 

requirements for valves specified in Section 220523 "General-Duty Valves for Plumbing Piping." 

1. Exceptions: 

a. Omit shutoff valve on supply to group of plumbing fixtures that includes emergency 

equipment. 

b. Omit shutoff valve on supply to emergency equipment if prohibited by authorities having 

jurisdiction. 

E. Install dielectric fitting in supply piping to emergency equipment if piping and equipment connections 

are made of different metals. Comply with requirements for dielectric fittings specified in 

Section 221116 "Domestic Water Piping." 

F. Install thermometers in supply and outlet piping connections to water-tempering equipment. Comply 

with requirements for thermometers specified in Section 220500 "Common Work Results for 

Plumbing." 

G. Install indirect waste piping on drain outlet of emergency equipment receptors that are indicated to be 

indirectly connected to drainage system. Comply with requirements for waste piping specified in 

Section 221316 "Sanitary Waste and Vent Piping." 
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H. Install escutcheons on piping wall and ceiling penetrations in exposed, finished locations. Comply with 

requirements for escutcheons specified in Section 220500 "Common Work Results for Plumbing." 

I. Fill self-contained fixtures with flushing fluid. 

1.2 PIPING CONNECTIONS 

A. Connect hot- and cold-water-supply piping to hot- and cold-water, water-tempering equipment. Connect 

output from water-tempering equipment to emergency plumbing fixtures. Comply with requirements for 

hot- and cold-water piping specified in Section 221116 "Domestic Water Piping." 

B. Indirectly connect emergency plumbing fixture receptors without trapped drain outlet to sanitary waste 

or storm drainage piping. 

C. Where installing piping adjacent to emergency plumbing fixtures, allow space for service and 

maintenance of fixtures. 

1.3 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted in accordance with 

NFPA 70. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and circuit 

number feeding connection. 

1. Nameplate to be laminated acrylic or melamine plastic signs, as specified in Section 260553 

"Identification for Electrical Systems." 

1.4 IDENTIFICATION 

A. Install equipment nameplates or equipment markers on emergency plumbing fixtures and equipment and 

equipment signs on water-tempering equipment. Comply with requirements for identification materials 

specified in Section 220553 "Identification for Plumbing Piping and Equipment." 

1.5 FIELD QUALITY CONTROL 

A. Mechanical-Component Testing: After plumbing connections have been made, test for compliance with 

requirements. Verify ability to achieve indicated capacities. 

B. Tests and Inspections: 

1. Perform each visual and mechanical inspection. 
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2. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no 

leaks exist. 

3. Operational Test: After electrical circuitry has been energized, start units to confirm proper unit 

operation. 

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 

5. Emergency plumbing fixtures and water-tempering equipment will be considered defective if 

they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

1.6 ADJUSTING 

A. Operate and adjust emergency plumbing fixtures and controls. Replace damaged and malfunctioning 

fixtures and controls. 

B. Adjust or replace fixture flow regulators for proper flow. 

C. Adjust equipment temperature settings. 

1.7 CLEANING AND PROTECTION 

A. Clean emergency plumbing fixtures with manufacturers' recommended cleaning methods and materials. 

B. Install protective covering for installed emergency plumbing fixtures and fittings. 

C. Do not allow use of emergency plumbing fixtures for temporary facilities unless approved in writing by 

Owner. 

 

 
 
 

END OF SECTION 22 45 00 
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SECTION 22 47 00 

 

DRINKING FOUNTAINS AND WATER COOLERS 
 

PART 1 GENERAL 
 
1.01 DESCRIPTION 

 
A. Provide electric water coolers and drinking fountains installed in place, complete with supports, 

supply, and waste trim as indicated on the Drawings. 

 
B. All fixtures shall have vandal-resistant handles, escutcheons, carriers, nuts, and bolts. 

 
C. All trim and exposed piping shall be chrome-plated, unless noted otherwise. 

 
D. All electric water coolers and drinking fountains shall be of commercial quality and free of 

defects. 
 

E. Provide trim, fittings, carriers, angle stops, chrome water supply piping, and all accessories 
required for a complete installation. 

 
F. Fixture connection sizes are shown on Drawings. 

 
G. All electric water coolers and drinking fountains resting against a wall shall be caulked with 

silicone sealant of a color to match the fixture. Remove excess material after fixture 
installation. 

 

1.02 ACTION SUBMITTALS 

 

A. Product Data 

B. Product Data submittals. 

C. Shop Drawings 

1.03 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Comply with manufacturer's written instructions for delivery, storage, and handling. 
 

 
PART 2 PRODUCTS 

 
2.01 PLUMBING FIXTURES AND ACCESSORIES 

 
A. Acceptable Fixture Manufacturers: Electric water coolers: Oasis, Aquarius, Elkay, Haws, 

Sunroc, White-Westinghouse, Halsey-Taylor, or Western. 
 

B. Acceptable Accessory Manufacturers for Supplies, Escutcheons, and Traps: Brasscraft, 
Bridgeport, Consolidated, Frost, Waterway, McGuire Mfg. Co., Dearborn, Sanitary-Dash, 
Speedway, Zurn, or Anso-Flex. 
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C. Manufacturer and Model Number listed below under other paragraphs of Part 2 shall be 
considered to be the Design Base Manufacturer and Model Number. Other Acceptable 
Manufacturers listed herein will be permitted, unless specifically excluded. 

 
2.02 CARRIERS 

 
A. All carriers shall be specifically chosen to accommodate the particular brand and style of fixture 

actually installed, the particular type of floor and wall actually present at each fixture location, 
and the piping arrangement at each fixture. Furnish plastic or metal positioning frames to 
isolate carrier bolts from wall construction. 

 
B. Provide a heavy-duty, rectangular vertical support, floor-supported, commercial type fixture 

carrier for each wall-mounted plumbing fixture, unless noted otherwise. 
 

C. Water Cooler: Zurn Model Z1225. 

 
D. Other Acceptable Manufacturers: Approved equal by Jay R. Smith, Wade, or Josam. 
 

 

2.03 ELECTRIC WATER COOLERS 

 
A. EWC 1 (ADA-compliant, Wall-mounted): Oasis Model P8AC. “Flex-Guard” bubbler, lead-free 

waterways, push-and-release push pads, rated at 8 GPH of 50 deg. F. water at 80 deg. F. 
EWT, 90 deg. F. room temperature, 1/4 HP compressor, 120 volts, cord and plug, UL- 
listed/labeled, 1 1/2 in. tailpiece, 5 year compressor warranty, and stainless steel top. Cabinet 
shall be “Sandstone” powder coated paint on galvanized steel. Set outlet thermostat for 50 
deg. F. Chrome cast brass trap with cleanout plug, 17 ga. drain to wall, chrome water supply 
piping with wheel angle stop, and chrome metal supply and waste escutcheon plates. 
PROVIDE CARRIER. 

 
 

PART 3 EXECUTION 

3.01 EXAMINATION 

A. Examine roughing-in for water-supply and sanitary drainage and vent piping systems to verify actual 

locations of piping connections before fixture installation. 

B. Examine walls and floors for suitable conditions where fixtures will be installed. 

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

 

 

3.02 INSTALLATION OF EQUIPMENT 

A. Install fixtures level and plumb in accordance with roughing-in drawings. For fixtures indicated for 

juveniles, install at height required by authorities having jurisdiction. 

B. Set pedestal drinking fountains and bottle filling stations on flat surface in accordance with 

manufacturer's written installation instructions. 

C. Set freestanding water coolers on floor. 
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D. Install recessed drinking fountains and bottle filling stations secured to wood blocking in wall 

construction. 

E. Install off-the-floor carrier supports, affixed to building substrate, for wall-mounted fixtures. 

F. Install mounting frames, affixed to building construction, and attach recessed water coolers and bottle 

filling stations to mounting frames. 

G. Set remote water coolers on floor unless otherwise indicated. 

H. Install water-supply piping with shutoff valve on supply to each fixture to be connected to domestic-

water distribution piping. Use ball valve. Install valves in locations where they can be easily reached 

for operation. Valves are specified in Section 220523 "General-Duty Valves for Plumbing Piping." 

I. Install trap and waste piping on drain outlet of each fixture to be connected to sanitary drainage system. 

J. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-

pattern escutcheons where required to conceal protruding fittings. Comply with escutcheon 

requirements specified in Section 220500 "Common Work Results for Plumbing." 

K. Seal joints between fixtures and walls using sanitary-type, one-part, mildew-resistant, silicone sealant. 

Match sealant color to fixture color. Comply with sealant requirements specified in Section 079200 

"Joint Sealants." 

 

 

 

3.03 PIPING CONNECTIONS 

A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use 

size fittings required to match fixtures. 

B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping." 

C. Install ball shutoff valve on water supply to each fixture. Comply with valve requirements specified in 

Section 220523 "General-Duty Valves for Plumbing Piping." 

D. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste and Vent 

Piping." 

 

3.04 ELECTRICAL CONNECTIONS 

 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems.” 

 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with 

NFPA 70 and NECA 1. 

 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and circuit 

number feeding connection 
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a. Nameplate to be laminated acrylic or melamine plastic signs, as specified in Section 260553 

"Identification for Electrical Systems." 

b. Nameplate to be laminated acrylic or melamine plastic signs with a black background and 

engraved white letters at least 1/2 inch (13 mm) high. 

 

3.05 ADJUSTING 

 

A. Adjust fixture flow regulators for proper flow and stream height. 

B. Adjust electronic-sensor settings. 

 

3.06 CLEANING 

A. After installing fixtures, inspect unit. Remove paint splatters and other spots, dirt, and debris. Repair 

damaged finish to match original finish. 

B. Clean fixtures, on completion of installation, in accordance with manufacturer's written instructions. 

C. Provide protective covering for installed fixtures. 

D. Do not allow use of fixtures for temporary facilities unless approved in writing by Owner. 
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END OF SECTION 22 47 00 
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Pipe hangers and supports - metal. 

2. Pipe hangers - metal, trapeze type. 

3. Thermal-hanger shield inserts. 

4. Fastener systems. 

5. Equipment supports. 

B. Related Requirements: 

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for trapeze 

hangers for pipe and equipment supports. 

2. Section 230500 "Common Work Results for HVAC" for pipe guides and anchors. 

3. Section 230548.13 "Vibration Controls for HVAC" for vibration isolation devices. 

4. Section 233113 "Metal Ducts" for duct hangers and supports. 

1.2 ACTION SUBMITTALS 

A. Product data. 

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

following: 

1. Trapeze pipe hangers. 

2. Pipe stands. 

3. Equipment supports. 

C. Delegated Design Submittals: For trapeze hangers indicated to comply with performance 

requirements and design criteria, including analysis data signed and sealed by the qualified 

professional engineer responsible for their preparation. 

1. Detail fabrication/assembly and design calculations for trapeze hangers. 

2. Detail fabrication/assembly and design calculations for each type of strut support system, 

by the manufacturer's technical representative. 

1.3 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 
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1.4 QUALITY ASSURANCE 

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel in accordance with 

AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications: Qualify procedures and operators in accordance with 2021 ASME 

Boiler and Pressure Vessel Code, Section IX. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design trapeze pipe hangers and equipment supports. 

B. Structural Performance: Hangers and supports for HVAC piping and equipment are to withstand 

the effects of gravity loads and stresses within limits and under conditions indicated in 

accordance with ASCE/SEI 7. 

1. Design supports for multiple pipes, including pipe stands, capable of supporting 

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

2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 

2.2 PIPE HANGERS AND SUPPORTS - METAL 

A. Pipe Hangers and Supports - Carbon Steel: 

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

following: 

a. Anvil; an ASC Engineered Solution. 

b. B. Line Systems, Inc. 

c. Carpenter & Patterson, Inc. 

d. Erico/Michigan Hanger Co. Inc. 

e. Globe Pipe Hanger Products, Inc.  

f. Klo Shure 

g. National Pipe Hanger Corp. 

h. PHD Manufacturing, inc 

2. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 

3. Galvanized Metallic Coatings: Pregalvanized, hot-dip galvanized, or electro-galvanized. 

4. Nonmetallic Coatings: Plastic coated, or epoxy powder coated. 

5. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 

6. Hanger Rods: Continuous-thread rod, nuts, and washers made of carbon steel . 

a. Provide 3/8 inch rod diameter for pipe sizes up to 2 inches. 

b. Provide double nut attachment to the hangar and at the hangar attachment. 
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B. Pipe Hangers and Supports - Stainless Steel: 

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

following: 

a. Anvil; an ASC Engineered Solution. 

b. B. Line Systems, Inc. 

c. Carpenter & Patterson, Inc. 

d. Erico/Michigan Hanger Co. Inc. 

e. Globe Pipe Hanger Products, Inc.  

f. Klo Shure 

g. National Pipe Hanger Corp. 

h. PHD Manufacturing, inc 

2. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 

3. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 

4. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel. 

a. Provide 3/8 inch rod diameter for pipe sizes up to 2 inches. 

b. Provide double nut attachment to the hangar and at the hangar attachment. 

 

2.3 PIPE HANGERS - METAL, TRAPEZE TYPE 

 

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

following: 

a. Anvil; an ASC Engineered Solution. 

b. B. Line Systems, Inc. 

c. Carpenter & Patterson, Inc. 

d. Erico/Michigan Hanger Co. Inc. 

e. Globe Pipe Hanger Products, Inc.  

f. Klo Shure 

g. National Pipe Hanger Corp. 

h. PHD Manufacturing, inc 

B. Description: Unistrut P1000 or Superstrut A1200.  Angle iron, or channel of sufficient length to 

support pipes and insulation on individual hangers, roller supports or saddles with insulation 

protectors, support capacity, support spacing, trapeze hanger rod diameter, and quantity as 

required to support total piping load.  

C. Provide individual piping attachments to each Unistrut hanger, angle, or channel.  

D. Design support system and obtain approval of a Structural Engineer licensed in Ohio.  Submit 

details to the A/E for approval. 

E. Channel Support Systems Manufacturers: Subject to compliance with requirements, provide 

products by one of the following: 

a. B. Line Systems, Inc. 

b. Erico/Michigan Hanger Co. Inc. 
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c. GS Metals Corp. 

d. National Pipe Hanger Corp. 

e. Powerstruct 

f. Unistrut Corp. 

g. Wesanco, Inc. 

2.4 THERMAL-HANGER SHIELD INSERTS 

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

following: 

1. Buckaroos, Inc. 

2. Carpenter & Paterson, Inc. 

3. PHS Industries 

4. Pipe Shields Inc. 

5. Rilco Manufacturing Co., Inc. 

6. Value Engineered Products, Inc. 

B. Insulation-Insert Material for Cold Piping: ASTM C552, Type II cellular glass with 100 psi 

(688 kPa) or ASTM C591, Type VI, Grade 1 polyisocyanurate with 125 psi (862 kPa)  

minimum compressive strength and vapor barrier. 

C. Insulation-Insert Material for Hot Piping: Water-repellent-treated, ASTM C533, Type I 

calcium silicate with 100 psi (688 kPa) or ASTM C552, Type II cellular glass with 100 psi 

(688 kPa) or ASTM C591, Type VI, Grade 1 polyisocyanurate with 125 psi (862 kPa)  

minimum compressive strength. 

D. For Trapeze or Clamped Systems: Insert and shield are to cover entire circumference of pipe. 

E. For Clevis or Band Hangers: Insert and shield are to cover bottom 180 degrees of pipe. 

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

ambient air temperature. 

2.5 FASTENER SYSTEMS 

A. Fastener System - Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland 

cement concrete with pull-out, tension, and shear capacities required for supported loads and 

building materials where used. 

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

following: 

a. Hilti, Inc. 

b. ITW Ramset/Red Head; Illinois Tool Works, Inc. 

c. MKT Fastening, LLC. 

B. Fastener System - Mechanical-Expansion Anchors: Insert-wedge-type anchors for use in 

hardened portland cement concrete; with pull-out, tension, and shear capacities required for 

supported loads and building materials where used. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Cooper B-line; brand of Eaton, Electrical Sector. 

b. Empire Industries, Inc. 

c. Hilti, Inc. 

d. ITW Ramset/Red Head; Illinois Tool Works, Inc. 

e. MKT Fastening, LLC. 

2. Indoor Applications: Zinc-plated or stainless] steel. 

3. Outdoor Applications: Stainless steel. 

2.6 EQUIPMENT SUPPORTS 

A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-

steel shapes. 

2.7 MATERIALS 

A. Aluminum: ASTM B221 (ASTM B221M). 

B. Carbon Steel: ASTM A1011/A1011M. 

C. Structural Steel: ASTM A36/A36M, carbon-steel plates, shapes, and bars; galvanized. 

D. Stainless Steel: ASTM A240/A240M. 

E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor applications 

and stainless steel for outdoor applications. Mating nuts and washers of similar materials as 

rods. 

F. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 

and nonmetallic grout; suitable for interior and exterior applications. 

1. Properties: Nonstaining, noncorrosive, and nongaseous. 

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

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 

materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

B. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 

will be adequate to carry static loads within specified loading limits. Minimum static design 

load used for strength determination is to include weight of supported components plus 200 lb 

(90 kg). 
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3.2 INSTALLATION OF HANGERS AND SUPPORTS 

A. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 

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

B. Install lateral bracing with pipe hangers and supports to prevent swaying. 

C. Install building attachments within concrete slabs or attach to structural steel. Install additional 

attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65) 

and larger and at changes in direction of piping. Coordinate location of concrete inserts 

before concrete is placed. 

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

from movement will not be transmitted to connected equipment. 

E. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 

maximum pipe deflections allowed by ASME B31.9 for building services piping. 

F. Insulated Piping: 

1. Attach clamps and spacers to piping. 

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

insulation. 

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

insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 

piping. 

 

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

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

a. Thermal-hanger shield inserts may be used as an option. Include steel weight-

distribution plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers. 

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

are to span an arc of 180 degrees. 

a. Thermal-hanger shield inserts may be used as an option. Include steel weight-

distribution plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers. 

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

a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90): 12 inches (305 mm) long and 0.048 inch 

(1.22 mm) thick.  

1) Anvil Fig 167. Half round piping shield inside clevis hangar. 

b. NPS 4 (DN 100): 12 inches (305 mm) long and 0.06 inch (1.52 mm) thick. 

c. NPS 5 and NPS 6 (DN 125 and DN 150): 18 inches (457 mm) long and 0.06 inch 

(1.52 mm) thick. 
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d. NPS 8 to NPS 14 (DN 200 to DN 350): 24 inches (610 mm) long and 0.075 inch 

(1.91 mm) thick. 

e. NPS 16 to NPS 24 (DN 400 to DN 600): 24 inches (610 mm) long and 0.105 inch 

(2.67 mm) thick. 

5. Pipes NPS 8 (DN 200) and Larger: Include wood or reinforced calcium-silicate-

insulation inserts of length at least as long as protective shield. 

G. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, 

and attachments as required to properly support piping from the building structure. 

H. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping of 

parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers. 

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

install intermediate supports for smaller diameter pipes as specified for individual pipe 

hangers. 

2. Field fabricate in accordance with ASTM A36/A36M, carbon-steel shapes selected for 

loads being supported. Weld steel in accordance with AWS D1.1/D1.1M. 

I. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping. 

J. Fastener System Installation: 

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches (100 mm) thick after concrete is placed and cured. Use installers that are 

licensed by powder-actuated tool manufacturer. 

2. Install mechanical-expansion anchors after concrete is placed and completely cured. 

3. Install fasteners in accordance with manufacturer's written instructions. 

K. Pipe Stand Installation: 

1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount on 

smooth roof surface. Do not penetrate roof membrane. 

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and 

mount on permanent, stationary roof curb. See Section 077200 "Roof Accessories" for 

curbs. 

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

washers, and other accessories. 

M. Equipment Support Installation: 

1. Fabricate from welded-structural-steel shapes. 

2. Fabricate structural-steel stands to suspend equipment from structure overhead or to 

support equipment above floor. 

3. Grouting: Place grout under supports for floor-mounted equipment, and make bearing 

surface smooth. 

4. Provide lateral bracing, to prevent swaying. 
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3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 

supports. 

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

shop welded. 

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 

appearance and quality of welds; and methods used in correcting welding work; and with the 

following: 

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

resistance of base metals. 

2. Obtain fusion without undercut or overlap. 

3. Remove welding flux immediately. 

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

contours of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

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

indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to [1-1/2 inches (40 mm). 

3.5 PAINTING 

A. Touchup: 

1. Clean field welds and abraded areas of shop paint. 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. 

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

(0.05 mm). 

2. Comply with requirements in Section 099113 "Exterior Painting" and Section 099123 

"Interior Painting" for cleaning and touchup painting of field welds, bolted 

connections, and abraded areas of shop paint on miscellaneous metal. 

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

galvanizing-repair paint to comply with ASTM A780/A780M. 

3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 

equipment. 
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B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 

piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 

not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing. 

E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments 

for general service applications. 

F. Use stainless steel pipe hangers and stainless steel or corrosion-resistant attachments for 

corrosive environment applications. 

G. Use padded hangers for piping that is subject to scratching. 

H. Use thermal-hanger shield inserts for insulated piping and tubing. 

I. Unless otherwise noted, all steel hangars and supports shall be standards black.  

1. Exception: Hangars and supports for exposed exterior applications shall be galvanized. 

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

piping system Sections, install the following types: 

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of non-insulated or 

insulated, stationary pipes; All Sizes.  

a. Insulated: Anvil Fig. 260.  

b. Non-Insulated: Anvil Fig. 69 

 

2. Carbon-Steel Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 

1050 deg F (566 deg C), pipes NPS 4 to NPS 24 (DN 100 to DN 600), requiring up to 

4 inches (100 mm) of insulation. 

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of 

pipes NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring clamp flexibility and up to 

4 inches (100 mm) of insulation. 

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

NPS 24 (DN 15 to DN 600) if little or no insulation is required. 

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4 (DN 15 to 

DN 100), to allow off-center closure for hanger installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 

noninsulated, stationary pipes NPS 3/4 to NPS 8 (DN 20 to DN 200). 

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

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

pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

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

stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 8 (DN 10 to DN 200). 
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11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 3 (DN 10 to DN 80). 

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30 (DN 15 to 

DN 750). 

13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

contraction. 

14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36 (DN 100 to 

DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 

plate. 

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36 (DN 100 

to DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-

steel plate, and with U-bolt to retain pipe. 

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

NPS 2-1/2 to NPS 36 (DN 65 to DN 900) if vertical adjustment is required, with steel-

pipe base stanchion support and cast-iron floor flange. 

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30 (DN 25 to 

DN 750), from two rods if longitudinal movement caused by expansion and contraction 

might occur. 

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to NPS 24 

(DN 65 to DN 600), from single rod if horizontal movement caused by expansion and 

contraction might occur. 

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 (DN 50 to 

DN 1050) if longitudinal movement caused by expansion and contraction might occur but 

vertical adjustment is unnecessary. 

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 (DN 50 

to DN 600) if small horizontal movement caused by expansion and contraction might 

occur and vertical adjustment is unnecessary. 

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

NPS 30 (DN 50 to DN 750) if vertical and lateral adjustment during installation might be 

required in addition to expansion and contraction. 

22. For insulated refrigerant piping use insulated couplings by Klo Shure. 

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

Sections, install the following types: 

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

NPS 24 (DN 24 to DN 600). 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 

to NPS 24 (DN 20 to DN 600) if longer ends are required for riser clamps. 

3. Friction Riser Clamp with 2-point bearing: Use Anvil Fig. CT 121 copper-plated riser 

clamp for copper pipe. Shorten legs as required to conceal riser clamp within pipe chase 

and still provide adequate support. 

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

Sections, install the following types: 

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

loads. 

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

installations. 

3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings. 
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4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of 

building attachments. 

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

installations. 

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

Sections, install the following types: 

 

1. Beam Clamp and Wall Bracket Manufacturers: Subject to compliance with requirements, 

provide products by one of the following: 

a. Anvil; an ASC Engineered Solution. 

b. B. Line Systems, Inc. 

c. Carpenter & Patterson, Inc. 

d. Erico/Michigan Hanger Co. Inc. 

e. Globe Pipe Hanger Products, Inc.  

f. Klo Shure 

g. National Pipe Hanger Corp. 

h. PHD Manufacturing, inc 

 

2. Beam Clamps (up to 8 inch diameter pipe): 

a. Anvil Fig. 227.  

1) Top beam clamp, steel jaw, hook rod with nut, and spring washer steel eye-

bolt, with Anvil Fig. 157 for appropriate rod diameter.  

 

b. Option: Anvil Fig. 86.  

1) Malleable iron clamp, hardened steel cup point set screw with Fig. 89 steel 

retaining clip.  

2) C CLAMPS WITHOUT RETAINING CLIPS ARE EXPRESSELY 

PROHIBITED. 

 

3. Purlin Clamps: 

a. PHD Fig. 290 Purlin Clamp.  

1) Malleable iron with jam nut, and pointed steel set screw. 

4. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend 

pipe hangers from concrete ceiling. 

5. In Pre-cast Concrete: Anvil Fig. 117. Malleable iron, expansion case, interior standard 

pipe threads, external helical wedge. Hilti or Philips. 

6. For Pre-Cast Flexicore Concrete: Provide concrete inserts, toggle bolts, etc., as required 

for HVAC Workd. 

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

construction, to attach to top flange of structural shape. 

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

channels, or angles. 

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

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

considerable and rod sizes are large. 

11. C-Clamps (MSS Type 23): For structural shapes. 
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12. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to 

flange edge. 

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

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

beams for heavy loads. 

15. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 

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

structural steel. 

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

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

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

b. Medium (MSS Type 32): 1500 lb (680 kg). 

c. Heavy (MSS Type 33): 3000 lb (1360 kg). 

18. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 

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

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

horizontal movement where headroom is limited. 

 

21. Wall Brackets: Carbon steel, black plates, and bolts.  

 

a. Anvil Fig. 194. Lightweight 750 lb. load. 

b. Anvil Fig. 195. Medium-weight 1,500 lb. load.  

c. Option: Unistrut Superstrut A1200. 

N. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

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

insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer 

to prevent crushing insulation. 

3. Thermal-Hanger Shield Inserts: For supporting insulated pipe. 

O. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping 

system Sections, install the following types: 

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping movement. 

2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-

1/4 inches (32 mm). 

3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with 

springs. 

4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal 

expansion in piping systems. 

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from hanger. 

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

base support. 
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7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

trapeze support. 

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress 

from one support to another support, critical terminal, or connected equipment. Include 

auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These 

supports include the following types: 

a. Horizontal (MSS Type 54): Mounted horizontally. 

b. Vertical (MSS Type 55): Mounted vertically. 

c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze member. 

P. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not 

specified in piping system Sections. 

Q. Use powder-actuated fasteners or mechanical-expansion anchors] instead of building 

attachments where required in concrete construction. 

3.7 MISCELLANEOUS MATERIALS 

A. Structural Steel: ASTM A36 / ASTM A36 M, steel plates, shapes, and bars, black and 

galvanized. 

END OF SECTION 230529 
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

2. Warning signs and labels. 

3. Pipe labels. 

4. Duct labels. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

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

material and device. 

C. Equipment-Label Schedule: Include a listing of all equipment to be labeled with the proposed 

content for each label. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Equipment: 

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

following: 

a. Brady Corporation. 

b. Carlton Industries, LP. 

c. Champion America. 

d. Craftmark Pipe Markers. 

e. Kolbi Pipe Marker Co. 

f. LEM Products Inc. 

g. Marking Services Inc. 

h. Pipemarker.com; Brimar Industries, Inc. 

i. Seton Identification Products; a Brady Corporation company. 

j. emedco. 

2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 

1/8 inch (3.2 mm) thick, with predrilled holes for attachment hardware. 

3. Letter and Background Color: As indicated for specific application under Part 3. 
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4. Maximum Temperature: Able to withstand temperatures of up to 160 deg F (71 deg C). 

5. Minimum Label Size: Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch (64 by 19 mm). 

6. Minimum Letter Size: 3/4 inch (19 mm), gothic style text. 

7. Fasteners: Stainless steel rivets or self-tapping screws. 

8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

B. Label Content: Include equipment's Drawing designation or unique equipment number, 

Drawing numbers where equipment is indicated (plans, details, and schedules), and the 

Specification Section number and title where equipment is specified. 

2.2 WARNING SIGNS AND LABELS 

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

following: 

1. Brady Corporation. 

2. Carlton Industries, LP. 

3. Champion America. 

4. Craftmark Pipe Markers. 

5. LEM Products Inc. 

6. Marking Services Inc. 

7. National Marker Company. 

8. Pipemarker.com; Brimar Industries, Inc. 

9. Seton Identification Products; a Brady Corporation company. 

10. Stranco, Inc. 

11. emedco. 

B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 

inch (3.2 mm) thick, with predrilled holes for attachment hardware. 

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Maximum Temperature: Able to withstand temperatures of up to 160 deg F (71 deg C). 

E. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 

by 3/4 inch (64 by 19 mm). 

F. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 

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

proportionately larger lettering for greater viewing distances. Include secondary lettering two-

thirds to three-fourths the size of principal lettering. 

G. Fasteners: Stainless steel rivets or self-taping screws. 

H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

I. Arc-Flash Warning Signs: Provide arc-flash warning signs in locations and with content in 

accordance with requirements of OSHA and NFPA70E and other applicable codes and 

standards. 
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J. Label Content: Include caution and warning information plus emergency notification 

instructions. 

2.3 PIPE LABELS 

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

following: 

1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc. 

2. Brady Corporation. 

3. Carlton Industries, LP. 

4. Champion America. 

5. Craftmark Pipe Markers. 

6. Kolbi Pipe Marker Co. 

7. LEM Products Inc. 

8. Marking Services Inc. 

9. Pipemarker.com; Brimar Industries, Inc. 

10. Seton Identification Products; a Brady Corporation company. 

11. emedco. 

B. General Requirements for Manufactured Pipe Labels: Preprinted, color coded, with lettering 

indicating service and showing flow direction in accordance with ASME A13.1. 

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover circumference 

of pipe and to attach to pipe without fasteners or adhesive. 

E. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing. 

F. Pipe Label Contents: Include identification of piping service using same designations or 

abbreviations as used on Drawings. Also include: 

1. Pipe size. 

2. Flow-Direction Arrows: Include flow-direction arrows on distribution piping. Arrows 

may be either integral with label or applied separately. 

3. Lettering Size: 1/2 inch (13 mm) high for pipe/insulation sizes up to and including 1-

1/4 inch diameter and 3/4 inch (19 mm) high for pipe/insulation sizes 1-1/2” to 2 inch 

diameter. 

2.4 DUCT LABELS 

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

following: 

1. Brady Corporation. 

2. Carlton Industries, LP. 

3. Champion America. 

4. Craftmark Pipe Markers. 
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5. Kolbi Pipe Marker Co. 

6. LEM Products Inc. 

7. Marking Services Inc. 

8. Pipemarker.com; Brimar Industries, Inc. 

9. Seton Identification Products; a Brady Corporation company. 

10. emedco. 

B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 

inch (3.2 mm) thick, and having predrilled holes for attachment hardware. 

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71 deg C). 

E. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 

by 3/4 inch (64 by 19 mm). 

F. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 

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

proportionately larger lettering for greater viewing distances. Include secondary lettering two-

thirds to three-fourths the size of principal lettering. 

G. Fasteners: Stainless steel rivets or self-tapping screws. 

H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

I. Duct Label Contents: Include identification of duct service using same designations or 

abbreviations as used on Drawings. Also include the following: 

1. Duct size. 

2. Flow-Direction Arrows: Include flow-direction arrows on distribution ducts. Arrows may 

be either integral with label or may be applied separately. 

3. Lettering Size: Size letters in accordance with ASME A13.1 for piping and At least 

1/2 inch (13 mm) for viewing distances of up to 72 inches (1830 mm) and 

proportionately larger lettering for greater viewing distance. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of incompatible primers, paints, and encapsulants, as well 

as dirt, oil, grease, release agents, and other substances that could impair bond of identification 

devices. 

3.2 INSTALLATION, GENERAL REQUIREMENTS 

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

surfaces where devices are to be applied. 
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B. Coordinate installation of identifying devices with locations of access panels and doors. 

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

D. Locate identifying devices so that they are readily visible from the point of normal approach. 

3.3 INSTALLATION OF EQUIPMENT LABELS, WARNING SIGNS, AND LABELS 

A. Permanently fasten labels on each item of mechanical equipment. 

B. Sign and Label Colors: 

1. White letters on an ANSI Z535.1 safety-blue background. 

C. Locate equipment labels where accessible and visible. 

D. Arc-Flash Warning Signs: Provide arc-flash warning signs on electrical disconnects and other 

equipment where arc-flash hazard exists, as indicated on Drawings, and in accordance with 

requirements of OSHA and NFPA 70E, and other applicable codes and standards. 

3.4 INSTALLATION OF PIPE LABELS 

A. Piping Color Coding: Painting of piping is specified in Section 099123 "Interior Painting." 

B. Install pipe labels showing service and flow direction with permanent adhesive on pipes. 

C. Pipe-Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings 

in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 

plenums; and exterior exposed locations as follows: 

1. Within 3 ft. (1 m) of each valve and control device. 

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

piping. 

3. Within 3 ft. (1 m) of equipment items and other points of origination and termination. 

4. Spaced at maximum intervals of 25 ft. (8 m) along each run. Reduce intervals to 10 ft. 

(3.0 m) in areas of congested piping, ductwork, and equipment. 

D. Do not apply plastic pipe labels or plastic tapes directly to bare pipes conveying fluids at 

temperatures of 125 deg F (52 deg C) or higher. Where these pipes are to remain uninsulated, 

use a short section of insulation or use stenciled labels. 

E. Flow-Direction Arrows: Use arrows to indicate direction of flow in pipes, including pipes where 

flow is allowed in both directions. 

F. Pipe-Label Color Schedule: 

1. Refrigerant Liquid Piping: Black letters on an ANSI Z535.1 safety-yellow background 

with designation “L”. 

2. Refrigerant Suction Piping: Black letters on an ANSI Z535.1 safety-yellow 

background with designation “S”. 
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3. Air Conditioner Condensate: Black letters on an ANSI Z535.1 safety-green background 

with designation “COND”. 

4. All others per ASME 13.1 and ANSI Z535.1 Standards. 

3.5 INSTALLATION OF DUCT LABELS 

A. Install self-adhesive duct labels showing service and flow direction with permanent adhesive on 

air ducts. 

1. Provide labels in the following color codes: 

a. For low pressure air supply ducts: White letters on green background with 

designation “SUPPLY”. 

b. For low pressure air return ducts: White letters on green background with 

designation “RETURN”. 

c. For low pressure outside air ducts: White letters on green background with 

designation “O.A.”. 

d. For exhaust air ducts: White letters on green background with designation 

“EXH.”. 

e. All others: White letters on green background with service designation. 

END OF SECTION 230553 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 1 

SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Testing, Adjusting, and Balancing of Air Systems: 

a. Constant-volume air systems. 

b. Variable-air-volume systems. 

2. Testing, adjusting, and balancing of equipment. 

3. Procedures for exhaust hoods. 

4. Duct leakage tests verification. 

5. Pipe leakage tests verification. 

6. HVAC-control system verification. 

1.2 DEFINITIONS 

A. AABC: Associated Air Balance Council. 

B. NEBB: National Environmental Balancing Bureau. 

C. TAB: Testing, adjusting, and balancing. 

D. TABB: Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 

F. TDH: Total dynamic head. 

1.3 ACTION SUBMITTALS 

A. TAB Report: Documentation indicating that work complies with ASHRAE/IES 90.1. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit documentation 

that the TAB specialist and this Project's TAB team members meet the qualifications specified 

in "Quality Assurance" Article. 

B. Contract Documents Examination Report: Within 60 days of Contractor's Notice to Proceed, 

submit the Contract Documents review report, as specified in Part 3. 
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C. Strategies and Procedures Plan: Within 60 days of Contractor's Notice to Proceed, submit TAB 

strategies and step-by-step procedures, as specified in "Preparation" Article. 

D. System Readiness Checklists: Within 60 days of Contractor's Notice to Proceed, submit system 

readiness checklists, as specified in "Preparation" Article. 

E. Examination Report: Submit a summary report of the examination review required in 

"Examination" Article. 

F. Certified TAB reports. 

G. Sample report forms. 

H. Instrument calibration reports, to include the following: 

1. Instrument type and make. 

2. Serial number. 

3. Application. 

4. Dates of use. 

5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Specialists Qualifications, Certified by AABC: 

1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC. 

2. TAB Technician: Employee of the TAB specialist and certified by AABC. 

B. TAB Specialists Qualifications, Certified by NEBB or TABB: 

1. TAB Field Supervisor: Employee of the TAB specialist and certified by NEBB or 

TABB. 

2. TAB Technician: Employee of the TAB specialist and certified by NEBB or TABB. 

C. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 

ASHRAE 111, Section 4, "Instrumentation." 

D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, 

Section 6.7.2.3 - "System Balancing." 

E. Code and AHJ Compliance: TAB is required to comply with governing codes and requirements 

of authorities having jurisdiction. 

1.6 FIELD CONDITIONS 

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB 

period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's 

operations. 
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PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover 

conditions in systems designs that may preclude proper TAB of systems and equipment. 

B. Examine installed systems for balancing devices, such as test ports, gauge cocks, thermometer 

wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify 

that locations of these balancing devices are applicable for intended purpose and are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data, including HVAC system descriptions, statements of design assumptions 

for environmental conditions and systems output, and statements of philosophies and 

assumptions about HVAC system and equipment controls. 

E. Examine ceiling plenums used for HVAC to verify that they are properly separated from 

adjacent areas and sealed. 

F. Examine equipment performance data, including fan curves. 

1. 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. 

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 

installed under conditions different from the conditions used to rate equipment 

performance. To calculate system effects for air systems, use tables and charts found in 

AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design." 

Compare results with the design data and installed conditions. 

G. Examine system and equipment installations and verify that field quality-control testing, 

cleaning, and adjusting specified in individual Sections have been performed. 

H. Examine test reports specified in individual system and equipment Sections. 

I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, 

filters are clean, and equipment with functioning controls is ready for operation. 

J. Examine temporary and permanent strainers. Verify that temporary strainer screens used during 

system cleaning and flushing have been removed and permanent strainer baskets are installed 

and clean. 

K. Examine control valves for proper installation for their intended function of isolating, throttling, 

diverting, or mixing fluid flows. 

L. Examine operating safety interlocks and controls on HVAC equipment. 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 4 

M. Examine control dampers for proper installation for their intended function of isolating, 

throttling, diverting, or mixing air flows. 

N. Report deficiencies discovered before and during performance of TAB procedures. Observe and 

record system reactions to changes in conditions. Record default set points if different from 

indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes the following: 

1. Equipment and systems to be tested. 

2. Strategies and step-by-step procedures for balancing the systems. 

3. Instrumentation to be used. 

4. Sample forms with specific identification for all equipment. 

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 

for TAB work. Include, at a minimum, the following: 

1. Airside: 

a. Verify that leakage and pressure tests on air distribution systems have been 

satisfactorily completed. 

b. Duct systems are complete with terminals installed. 

c. Volume, smoke, and fire dampers are open and functional. 

d. Clean filters are installed. 

e. Fans are operating, free of vibration, and rotating in correct direction. 

f. Variable-frequency controllers' startup is complete and safeties are verified. 

g. Automatic temperature-control systems are operational. 

h. Ceilings are installed. 

i. Windows and doors are installed. 

j. Suitable access to balancing devices and equipment is provided. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system in accordance with the procedures 

contained in AABC's "National Standards for Total System Balance" or NEBB's 

"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" 

and in this Section. 

B. Cut insulation, ducts, pipes, and equipment casings for installation of test probes to the 

minimum extent necessary for TAB procedures. 

1. After testing and balancing, patch probe holes in ducts with same material and thickness 

as used to construct ducts. 

2. After testing and balancing, install test ports and duct access doors that comply with 

requirements in Section 233300 "Air Duct Accessories." 

3. Install and join new insulation that matches removed materials. Restore insulation, 

coverings, vapor barrier, and finish in accordance with Section 230713 "Duct Insulation," 
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Section 230716 "HVAC Equipment Insulation," and Section 230719 "HVAC Piping 

Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve position 

indicators, fan-speed-control levers, and similar controls and devices, with paint or other 

suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 TESTING, ADJUSTING, AND BALANCING OF HVAC EQUIPMENT 

A. Test, adjust, and balance HVAC equipment indicated on Drawings, including, but not limited 

to, the following: 

1. Motors. 

2. Fans and ventilators. 

3. Furnaces. 

4. Radiant heaters. 

5. Unit heaters. 

6. Condensing units. 

7. Energy-recovery units. 

8. Air-handling units. 

9. Heating and ventilating units. 

10. Heating-only makeup air units. 

11. Dedicated outdoor-air units. 

12. Packaged air conditioners. 

13. Self-contained air conditioners. 

14. Split-system air conditioners. 

15. Heat pumps. 

16. Valance heating and cooling units. 

17. Coils. 

18. Fan coil units. 

19. Unit ventilators. 

20. Radiators. 

21. Convectors. 

22. Finned-tube radiation heaters. 

23. Radiant-heating cables, piping, and panels. 

24. Humidifiers. 

3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

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' Record drawings duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 
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D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements. 

E. Check airflow patterns from the outdoor-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. 

3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 

fan manufacturer. 

1. Measure total airflow. 

a. Set outside-air, return-air, and relief-air dampers for proper position that simulates 

minimum outdoor-air conditions. 

b. Where duct conditions allow, measure airflow by main Pitot-tube traverse. If 

necessary, perform multiple Pitot-tube traverses close to the fan and prior to any 

outlets, to obtain total airflow. 

c. Where duct conditions are unsuitable for Pitot-tube traverse measurements, a coil 

traverse may be acceptable. 

2. Measure fan static pressures as follows: 

a. Measure static pressure directly at the fan outlet or through the flexible connection. 

b. Measure static pressure directly at the fan inlet or through the flexible connection. 

c. Measure static pressure across each component that makes up the air-handling 

system. 

d. Report artificial loading of filters at the time static pressures are measured. 

3. Review Contractor-prepared shop drawings and Record drawings to determine variations 

in design static pressures versus actual static pressures. Calculate actual system-effect 

factors. Recommend adjustments to accommodate actual conditions. 

4. Obtain approval from Engineer for adjustment of fan speed higher or lower than 

indicated speed. Comply with requirements in HVAC Sections for air-handling units for 

adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit 

performance. 

5. Do not make fan-speed adjustments that result in motor overload. Consult equipment 

manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor 

amperage to ensure that no overload occurs. Measure amperage in full-cooling, full-
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heating, economizer, and any other operating mode to determine the maximum required 

brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 

airflows. 

1. Measure airflow of submain and branch ducts. 

2. Adjust submain and branch duct volume dampers for specified airflow. 

3. Re-measure each submain and branch duct after all have been adjusted. 

C. Adjust air inlets and outlets for each space to indicated airflows. 

1. Set airflow patterns of adjustable outlets for proper distribution without drafts. 

2. Measure inlets and outlets airflow. 

3. Adjust each inlet and outlet for specified airflow. 

4. Re-measure each inlet and outlet after they have been adjusted. 

D. Verify final system conditions. 

1. Re-measure and confirm that minimum outdoor, return, and relief airflows are within 

design. Readjust to design if necessary. 

2. Re-measure and confirm that total airflow is within design. 

3. Re-measure all final fan operating data, speed, volts, amps, and static profile. 

4. Mark all final settings. 

5. Test system in economizer mode. Verify proper operation and adjust if necessary. 

6. Measure and record all operating data. 

7. Record final fan-performance data. 

3.7 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Adjust the variable-air-volume systems as follows: 

1. Verify that the system static pressure sensor is located two-thirds of the distance down 

the duct from the fan discharge. 

2. Verify that the system is under static pressure control. 

3. Select the terminal unit that is most critical to the supply-fan airflow. Measure inlet static 

pressure, and adjust system static pressure control set point 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 system losses. 

4. Calibrate and balance each terminal unit for maximum and minimum design airflow as 

follows: 

a. Adjust controls so that terminal is calling for maximum airflow. Some controllers 

require starting with minimum airflow. Verify calibration procedure for specific 

project. 

b. Measure airflow and adjust calibration factor as required for design maximum 

airflow. Record calibration factor. 

c. When maximum airflow is correct, balance the air outlets downstream from 

terminal units. 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 8 

d. Adjust controls so that terminal is calling for minimum airflow. 

e. Measure airflow and adjust calibration factor as required for design minimum 

airflow. Record calibration factor. If no minimum calibration is available, note any 

deviation from design airflow. 

f. On constant volume terminals, in critical areas where room pressure is to be 

maintained, verify that the airflow remains constant over the full range of full 

cooling to full heating. Note any deviation from design airflow or room pressure. 

5. After terminals have been calibrated and balanced, test and adjust system for total 

airflow. Adjust fans to deliver total design airflows within the maximum allowable fan 

speed listed by fan manufacturer. 

a. Set outside-air, return-air, and relief-air dampers for proper position that simulates 

minimum outdoor-air conditions. 

b. Set terminals for maximum airflow. If system design includes diversity, adjust 

terminals for maximum and minimum airflow, so that connected total matches fan 

selection and simulates actual load in the building. 

c. Where duct conditions allow, measure airflow by main Pitot-tube traverse. If 

necessary, perform multiple Pitot-tube traverses close to the fan and prior to any 

outlets, to obtain total airflow. 

d. Where duct conditions are unsuitable for Pitot-tube traverse measurements, a coil 

traverse may be acceptable. 

6. Measure fan static pressures as follows: 

a. Measure static pressure directly at the fan outlet or through the flexible connection. 

b. Measure static pressure directly at the fan inlet or through the flexible connection. 

c. Measure static pressure across each component that makes up the air-handling 

system. 

d. Report any artificial loading of filters at the time static pressures are measured. 

7. Set final return and outside airflow to the fan while operating at maximum return airflow 

and minimum outdoor airflow. 

a. Balance the return-air ducts and inlets. 

b. Verify that terminal units are meeting design airflow under system maximum flow. 

8. Re-measure the inlet static pressure at the most critical terminal unit, and adjust the 

system static pressure set point to the most energy-efficient set point to maintain the 

optimum system static pressure. Record set point and give to controls Contractor. 

9. Verify final system conditions as follows: 

a. Re-measure and confirm that minimum outdoor, return, and relief airflows are 

within design. Readjust to match design if necessary. 

b. Re-measure and confirm that total airflow is within design. 

c. Re-measure final fan operating data, speed, volts, amps, and static profile. 

d. Mark final settings. 

e. Test system in economizer mode. Verify proper operation and adjust if necessary. 

Measure and record all operating data. 

f. Verify tracking between supply and return fans. 
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3.8 PROCEDURES FOR AIR-COOLED CONDENSING UNITS 

A. Verify proper rotation of fan(s). 

B. Measure and record entering- and leaving-air temperatures. 

C. Measure and record entering and leaving refrigerant pressures. 

D. Measure and record operating data of compressor(s), fan(s), and motors. 

3.9 PROCEDURES FOR AIR-COOLED CONDENSERS 

A. Verify proper rotation of fan(s). 

B. Measure and record entering- and leaving-air temperatures. 

C. Measure and record entering and leaving refrigerant pressures. 

D. Measure and record operating data of fan(s) and motor(s). 

 

3.10 PROCEDURES FOR EXHAUST HOODS 

1. Welding Hoods: 

a. Measure and record airflow by duct traverse. 

b. Retain "Capture and Containment" Subparagraph below for assurance hood is 

operating as intended by design. 

c. Capture and Containment: Check each hood for proper capture and containment 

using a smoke-emitting device. Observe and report performance. Make 

adjustments to achieve optimum results. 

d. AHJ Tests: Conduct additional tests required by authorities having jurisdiction. 

3.11 DUCT LEAKAGE TESTS 

A. Witness the duct leakage testing performed by Installer. 

B. Verify that proper test methods are used and that leakage rates are within specified limits. 

C. Report deficiencies observed. 

3.12 HVAC CONTROLS VERIFICATION 

A. In conjunction with system balancing, perform the following: 

1. Verify HVAC control system is operating within the design limitations. 

2. Confirm that the sequences of operation are in compliance with Contract Documents. 

3. Verify that controllers are calibrated and function as intended. 

4. Verify that controller set points are as indicated. 

5. Verify the operation of lockout or interlock systems. 

6. Verify the operation of valve and damper actuators. 
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7. Verify that controlled devices are properly installed and connected to correct controller. 

8. Verify that controlled devices travel freely and are in position indicated by controller: 

open, closed, or modulating. 

9. Verify location and installation of sensors to ensure that they sense only intended 

temperature, humidity, or pressure. 

B. Reporting: Include a summary of verifications performed, remaining deficiencies, and 

variations from indicated conditions. 

3.13 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS 

A. Perform a preconstruction inspection of existing equipment that is to remain and be reused. 

1. Measure and record the operating speed, airflow, and static pressure of each fan and 

equipment with fan(s). 

2. Measure motor voltage and amperage. Compare the values to motor nameplate 

information. 

3. Check the refrigerant charge. 

4. Check the condition of filters. 

5. Check the condition of coils. 

6. Check the operation of the drain pan and condensate-drain trap. 

7. Check bearings and other lubricated parts for proper lubrication. 

8. Report on the operating condition of the equipment and the results of the measurements 

taken. Report deficiencies. 

B. TAB After Construction: Before performing testing and balancing of renovated existing 

systems, inspect existing equipment that is to remain and be reused to verify that existing 

equipment has been cleaned and refurbished in accordance with renovation scope indicated by 

Contract Documents. Verify the following: 

1. New filters are installed. 

2. Coils are clean and fins combed. 

3. Drain pans are clean. 

4. Fans are clean. 

5. Bearings and other parts are properly lubricated. 

6. Deficiencies noted in the preconstruction report are corrected. 

C. Perform testing and balancing of existing systems to the extent that existing systems are 

affected by the renovation work. 

1. Compare the indicated airflow of the renovated work to the measured fan airflows, and 

determine the new fan speed and the face velocity of filters and coils. 

2. Verify that the indicated airflows of the renovated work result in filter and coil face 

velocities and fan speeds that are within the acceptable limits defined by equipment 

manufacturer. 

3. If calculations increase or decrease the airflow rates and water flow rates by more than 5 

percent, make equipment adjustments to achieve the calculated rates. If increase or 

decrease is 5 percent or less, equipment adjustments are not required. 

4. Balance each air outlet. 
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3.14 TOLERANCES 

A. Set HVAC system's airflow rates and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 5 percent If 

design value is less than 100 cfm (47 L/s), within 10 cfm (4.7 L/s). 

2. Air Outlets and Inlets: Plus or minus 5 percent<Insert value. If design value is less 

than 100 cfm (47 L/s), within 10 cfm (4.7 L/s). 

B. Maintaining pressure relationships as designed shall have priority over the tolerances specified 

above. 

3.15 PROGRESS REPORTING 

A. Initial Construction-Phase Report: Based on examination of the Contract Documents as 

specified in "Examination" Article, prepare a report on the adequacy of design for system-

balancing devices. Recommend changes and additions to system-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: Prepare biweekly progress 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. 

3.16 FINAL REPORT 

A. General: Prepare a certified written report; tabulate and divide the report into separate sections 

for tested systems and balanced systems. 

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer. 

2. Include a list of instruments used for procedures, along with proof of calibration. 

3. Certify validity and accuracy of field data. 

B. Final Report Contents: In addition to certified field-report data, include the following: 

1. Fan curves. 

2. Manufacturers' test data. 

3. Field test reports prepared by system and equipment installers. 

4. Other information relative to equipment performance; do not include Shop Drawings and 

Product Data. 

C. General Report Data: In addition to form titles and entries, include the following data: 

1. Title page. 

2. Name and address of the TAB specialist. 

3. Project name. 

4. Project location. 
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5. Architect's name and address. 

6. Engineer's name and address. 

7. Contractor's name and address. 

8. Report date. 

9. Signature of TAB supervisor who certifies the report. 

10. Table of Contents with the total number of pages defined for each section of the report. 

Number each page in the report. 

11. Summary of contents, including the following: 

a. Indicated versus final performance. 

b. Notable characteristics of systems. 

c. Description of system operation sequence if it varies from the Contract 

Documents. 

12. Nomenclature sheets for each item of equipment. 

13. Data for terminal units, including manufacturer's name, type, size, and fittings. 

14. Notes to explain why certain final data in the body of reports vary from indicated values. 

15. Test conditions for fans performance forms, including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 

b. Conditions of filters. 

c. Cooling coil, wet- and dry-bulb conditions. 

d. Heating coil, dry-bulb conditions. 

e. Face and bypass damper settings at coils. 

f. Fan drive settings, including settings and percentage of maximum pitch diameter. 

g. Variable-frequency controller settings for variable-air-volume systems. 

h. Settings for pressure controller(s). 

i. Other system operating conditions that affect performance. 

D. System Diagrams: Include schematic layouts of air distribution systems. Present each system 

with single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust airflows. 

2. Duct, outlet, and inlet sizes. 

3. Balancing stations. 

4. Position of balancing devices. 

E. Air-Handling-Unit Test Reports: For air-handling units, include the following: 

1. Unit Data: 

a. Unit identification. 

b. Location. 

c. Make and type. 

d. Model number and unit size. 

e. Manufacturer's serial number. 

f. Unit arrangement and class. 

g. Discharge arrangement. 

h. Sheave make, size in inches (mm), and bore. 

i. Center-to-center dimensions of sheave and amount of adjustments in inches (mm). 

j. Number, make, and size of belts. 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 13 

k. Number, type, and size of filters. 

2. Motor Data: 

a. Motor make, and frame type and size. 

b. Horsepower and speed. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches (mm), and bore. 

f. Center-to-center dimensions of sheave and amount of adjustments in inches (mm). 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm (L/s). 

b. Total system static pressure in inches wg (Pa). 

c. Fan speed. 

d. Inlet and discharge static pressure in inches wg (Pa). 

e. For each filter bank, filter static-pressure differential in inches wg (Pa). 

f. Preheat-coil static-pressure differential in inches wg (Pa). 

g. Cooling-coil static-pressure differential in inches wg (Pa). 

h. Heating-coil static-pressure differential in inches wg (Pa). 

i. List for each internal component with pressure-drop, static-pressure differential in 

inches wg (Pa). 

j. Outdoor airflow in cfm (L/s). 

k. Return airflow in cfm (L/s). 

l. Outdoor-air damper position. 

m. Return-air damper position. 

n. Vortex damper position. 

F. Apparatus-Coil Test Reports: 

1. Coil Data: 

a. System identification. 

b. Location. 

c. Coil type. 

d. Number of rows. 

e. Fin spacing in fins per inch (mm) o.c. 

f. Make and model number. 

g. Face area in sq. ft. (sq. m). 

h. Tube size in NPS (DN). 

i. Tube and fin materials. 

j. Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 

a. Airflow rate in cfm (L/s). 

b. Average face velocity in fpm (m/s). 

c. Air pressure drop in inches wg (Pa). 

d. Outdoor-air, wet- and dry-bulb temperatures in deg F (deg C). 

e. Return-air, wet- and dry-bulb temperatures in deg F (deg C). 
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f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C). 

g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C). 

h. Water flow rate in gpm (L/s). 

i. Water pressure differential in feet of head or psig (kPa). 

j. Entering-water temperature in deg F (deg C). 

k. Leaving-water temperature in deg F (deg C). 

l. Refrigerant expansion valve and refrigerant types. 

m. Refrigerant suction pressure in psig (kPa). 

n. Refrigerant suction temperature in deg F (deg C). 

o. Inlet steam pressure in psig (kPa). 

G. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup 

equipment reports, include the following: 

1. Unit Data: 

a. System identification. 

b. Location. 

c. Make and type. 

d. Model number and unit size. 

e. Manufacturer's serial number. 

f. Fuel type in input data. 

g. Output capacity in Btu/h (kW). 

h. Ignition type. 

i. Burner-control types. 

j. Motor horsepower and speed. 

k. Motor volts, phase, and hertz. 

l. Motor full-load amperage and service factor. 

m. Sheave make, size in inches (mm), and bore. 

n. Center-to-center dimensions of sheave and amount of adjustments in inches (mm). 

2. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm (L/s). 

b. Entering-air temperature in deg F (deg C). 

c. Leaving-air temperature in deg F (deg C). 

d. Air temperature differential in deg F (deg C). 

e. Entering-air static pressure in inches wg (Pa). 

f. Leaving-air static pressure in inches wg (Pa). 

g. Air static-pressure differential in inches wg (Pa). 

h. Low-fire fuel input in Btu/h (kW). 

i. High-fire fuel input in Btu/h (kW). 

j. Manifold pressure in psig (kPa). 

k. High-temperature-limit setting in deg F (deg C). 

l. Operating set point in Btu/h (kW). 

m. Motor voltage at each connection. 

n. Motor amperage for each phase. 

o. Heating value of fuel in Btu/h (kW). 

H. Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coils installed in 

central-station air-handling units, include the following: 
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1. Unit Data: 

a. System identification. 

b. Location. 

c. Coil identification. 

d. Capacity in Btu/h (kW). 

e. Number of stages. 

f. Connected volts, phase, and hertz. 

g. Rated amperage. 

h. Airflow rate in cfm (L/s). 

i. Face area in sq. ft. (sq. m). 

j. Minimum face velocity in fpm (m/s). 

2. Test Data (Indicated and Actual Values): 

a. Heat output in Btu/h (kW). 

b. Airflow rate in cfm (L/s). 

c. Air velocity in fpm (m/s). 

d. Entering-air temperature in deg F (deg C). 

e. Leaving-air temperature in deg F (deg C). 

f. Voltage at each connection. 

g. Amperage for each phase. 

I. Fan Test Reports: For supply, return, and exhaust fans, include the following: 

1. Fan Data: 

a. System identification. 

b. Location. 

c. Make and type. 

d. Model number and size. 

e. Manufacturer's serial number. 

f. Arrangement and class. 

g. Sheave make, size in inches (mm), and bore. 

h. Center-to-center dimensions of sheave and amount of adjustments in inches (mm). 

2. Motor Data: 

a. Motor make, and frame type and size. 

b. Horsepower and speed. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches (mm), and bore. 

f. Center-to-center dimensions of sheave and amount of adjustments in inches (mm). 

g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm (L/s). 

b. Total system static pressure in inches wg (Pa). 

c. Fan speed. 
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d. Discharge static pressure in inches wg (Pa). 

e. Suction static pressure in inches wg (Pa). 

J. Round, and Rectangular Duct Traverse Reports: Include a diagram with a grid representing the 

duct cross-section and record the following: 

1. Report Data: 

a. System fan and air-handling-unit number. 

b. Location and zone. 

c. Traverse air temperature in deg F (deg C). 

d. Duct static pressure in inches wg (Pa). 

e. Duct size in inches (mm). 

f. Duct area in sq. ft. (sq. m). 

g. Indicated airflow rate in cfm (L/s). 

h. Indicated velocity in fpm (m/s). 

i. Actual airflow rate in cfm (L/s). 

j. Actual average velocity in fpm (m/s). 

k. Barometric pressure in psig (Pa). 

K. Air-Terminal-Device Reports: 

1. Unit Data: 

a. System and air-handling unit identification. 

b. Location and zone. 

c. Apparatus used for test. 

d. Area served. 

e. Make. 

f. Number from system diagram. 

g. Type and model number. 

h. Size. 

i. Effective area in sq. ft. (sq. m). 

2. Test Data (Indicated and Actual Values): 

a. Airflow rate in cfm (L/s). 

b. Air velocity in fpm (m/s). 

c. Preliminary airflow rate as needed in cfm (L/s). 

d. Preliminary velocity as needed in fpm (m/s). 

e. Final airflow rate in cfm (L/s). 

f. Final velocity in fpm (m/s). 

g. Space temperature in deg F (deg C). 

L. System-Coil Reports: For reheat coils and water coils of terminal units, include the following: 

1. Unit Data: 

a. System and air-handling-unit identification. 

b. Location and zone. 

c. Room or riser served. 
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d. Coil make and size. 

e. Flowmeter type. 

2. Test Data (Indicated and Actual Values): 

a. Airflow rate in cfm (L/s). 

b. Entering-water temperature in deg F (deg C). 

c. Leaving-water temperature in deg F (deg C). 

d. Water pressure drop in feet of head or psig (kPa). 

e. Entering-air temperature in deg F (deg C). 

f. Leaving-air temperature in deg F (deg C). 

M. Instrument Calibration Reports: 

1. Report Data: 

a. Instrument type and make. 

b. Serial number. 

c. Application. 

d. Dates of use. 

e. Dates of calibration. 

3.17 VERIFICATION OF TAB REPORT 

A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of 

Construction Manager. 

B. Construction Manager shall randomly select measurements, documented in the final report, to 

be rechecked. Rechecking shall be limited to the lesser of either 10 percent of the total 

measurements recorded or the extent of measurements that can be accomplished in a normal 8-

hour business day. 

C. If rechecks yield measurements that differ from the measurements documented in the final 

report by more than the tolerances allowed, the measurements shall be noted as "FAILED." 

D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements 

checked during the final inspection, the TAB shall be considered incomplete and shall be 

rejected. 

E. If recheck measurements find the number of failed measurements noncompliant with 

requirements indicated, proceed as follows: 

1. TAB specialists shall recheck all measurements and make adjustments. Revise the final 

report and balancing device settings to include all changes; resubmit the final report and 

request a second final inspection. All changes shall be tracked to show changes made to 

previous report. 

2. If the second final inspection also fails, Owner may pursue others Contract options to 

complete TAB work. 

F. Prepare test and inspection reports. 
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3.18 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions 

are being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and 

winter conditions, perform additional TAB during near-peak summer and winter conditions. 

END OF SECTION 230593 
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SECTION 230713 - DUCT INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulating the following duct services: 

1. Indoor, concealed supply and outdoor air. 

2. Indoor, exposed supply and outdoor air. 

3. Indoor, concealed return located in unconditioned space. 

4. Indoor, exposed return located in unconditioned space. 

5. Indoor, concealed oven and warewash exhaust. 

6. Indoor, exposed oven and warewash exhaust. 

7. Indoor, concealed exhaust between isolation damper and penetration of building exterior. 

8. Indoor, exposed exhaust between isolation damper and penetration of building exterior. 

9. Outdoor, concealed supply and return. 

10. Outdoor, exposed supply and return. 

B. Related Requirements: 

1. Section 230716 "HVAC Equipment Insulation." 

2. Section 230719 "HVAC Piping Insulation." 

3. Section 233113 "Metal Ducts" for duct liners. 

1.2 ACTION SUBMITTALS 

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

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

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 

insulation and hanger. 

2. Detail insulation application at elbows, fittings, dampers, specialties and flanges for each 

type of insulation. 

3. Detail application of field-applied jackets. 

4. Detail application at linkages of control devices. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing 

identical products in accordance with ASTM E84, by a testing agency acceptable to authorities 

having jurisdiction. Factory label insulation, jacket materials, adhesive, mastic, tapes, and 

cement material containers with appropriate markings of applicable testing agency. 

1. All Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 

 

2.2 INSULATION MATERIALS 

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum 

Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" 

articles for where insulating materials are applied. 

B. Products do not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel have a leachable chloride content of less than 

50 ppm when tested in accordance with ASTM C871. 

D. Insulation materials for use on austenitic stainless steel are qualified as acceptable in accordance 

with ASTM C795. 

E. Foam insulation materials do not use CFC or HCFC blowing agents in the manufacturing 

process. 

F. Glass-Fiber Blanket: Mineral or Glass fibers bonded with a thermosetting resin; suitable for 

maximum use temperature up to 450 deg F (232 deg C) in accordance with ASTM C411. 

Comply with ASTM C553, Type II, and ASTM C1290, Type II with factory-applied vinyl 

jacket and Type III with factory-applied FSK jacket . Factory-applied jacket requirements 

are specified in "Factory-Applied Jackets" Article. 

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

following: 

a. Armstrong 

b. CertainTeed; SAINT-GOBAIN. 

c. Imcoa 

d. Johns Manville; a Berkshire Hathaway company. 

e. Knauf Insulation. 

f. Manson Insulation Inc. 

g. Owens Corning. 

h. Rubatex 

i. Schuller 
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G. Mineral Wool Blanket: Basalt volcanic rock-derived fibers bonded with a thermosetting resin, 

unfaced; suitable for maximum use temperature up to 1200 deg F (650 deg C) in accordance 

with ASTM C447. Comply with ASTM C553. 

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

following: 

a. Johns Manville; a Berkshire Hathaway company. 

b. Owens Corning. 

c. ROCKWOOL. 

H. Glass-Fiber Board Insulation: Mineral or Glass fibers bonded with a thermosetting resin; 

suitable for maximum use temperature between 35 deg F (1.7 deg C) and 250 deg F (121 deg C) 

for jacketed and between 35 deg F (1.7 deg C) and 450 deg F (232 deg C) for unfaced in 

accordance with ASTM C411. Comply with ASTM C612, Type IA or Type IB. For duct and 

plenum applications, provide insulation with factory-applied ASJ or with factory-applied 

FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 

Article. 

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

following: 

a. CertainTeed; SAINT-GOBAIN. 

b. Johns Manville; a Berkshire Hathaway company. 

c. Knauf Insulation. 

d. Manson Insulation Inc. 

e. Owens Corning. 

I. Mineral Wool Board: Basalt volcanic rock-derived fibers bonded with a thermosetting resin; 

suitable for maximum use temperature up to 1100 deg F (600 deg C) in accordance with 

ASTM C411. Comply with ASTM C612, Type III, unfaced. 

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

following: 

a. Johns Manville; a Berkshire Hathaway company. 

b. Owens Corning. 

c. ROCKWOOL. 

2.3 ADHESIVES 

A. Materials are compatible with insulation materials, jackets, and substrates and for bonding 

insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Glass-Fiber and Mineral Wool Adhesive: Comply with MIL-A-3316C, Class 2, Grade A. 

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

following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Eagle Bridges - Marathon Industries. 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

DUCT INSULATION 230713 - 4 

c. Foster Brand; H. B. Fuller. 

d. Mon-Eco Industries, Inc. 

2. Adhesives shall have a VOC content of 80 g/L or less. 

C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for 

bonding insulation jacket lap seams and joints. 

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

following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Eagle Bridges - Marathon Industries. 

c. Foster Brand; H. B. Fuller. 

d. Mon-Eco Industries, Inc. 

2. Adhesives shall have a VOC content of 80 g/L or less. 

 

D. PVC Jacket Adhesive: Compatible with PVC jacket. 

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

following: 

a. Dow Consumer Solutions. 

b. Johns Manville; a Berkshire Hathaway company. 

c. P.I.C. Plastics, Inc. 

d. Proto Corporation. 

e. Sekisui Voltek, LLC. 

f. Speedline Corporation. 

2. Adhesives shall have a VOC content of 80 g/L or less. 

2.4 MASTICS AND COATINGS 

A. Materials shall be compatible with insulation materials, jackets, and substrates. 

1. VOC content of 300 g/L or less. 

B. Vapor-Retarder Mastic, Water Based, Interior Use: Suitable for indoor use on below ambient 

services. 

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

following: 

a. Aeroflex USA. 

b. Childers Brand; H. B. Fuller Construction Products. 

c. Foster Brand; H. B. Fuller. 

d. Knauf Insulation. 

e. Vimasco Corporation. 

2. Water-Vapor Permeance: Comply with ASTM C755, Section 7.2.2, Table 2, for 

insulation type and service conditions. 

3. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 
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4. Comply with MIL-PRF-19565C, Type II, for permeance requirements. 

5. Color: White. 

C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services. 

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

following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Eagle Bridges - Marathon Industries. 

c. Foster Brand; H. B. Fuller. 

d. Knauf Insulation. 

e. Mon-Eco Industries, Inc. 

f. Vimasco Corporation. 

2. Water-Vapor Permeance: ASTM E96/E96M, greater than 1.0 perm (0.66 metric perm) at 

manufacturer's recommended dry film thickness. 

3. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 

4. Color: White. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

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

following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Eagle Bridges - Marathon Industries. 

c. Foster Brand; H. B. Fuller. 

d. Mon-Eco Industries, Inc. 

2. Materials are compatible with insulation materials, jackets, and substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 

4. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

5. Color: Aluminum. 

6. Sealants shall have a VOC content of 420 g/L or less. 

B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants: 

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

following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Foster Brand; H. B. Fuller. 

2. Materials are compatible with insulation materials, jackets, and substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 

4. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

5. Color: White. 
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6. Sealants shall have a VOC content of 420 g/L or less. 

2.6 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications. When 

factory-applied jackets are indicated, comply with the following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C1136, Type I. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C1136, Type I. 

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C1136, Type II. 

4. FSP Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; 

complying with ASTM C1136, Type II. 

5. Vinyl Jacket: White vinyl with a permeance of 1.3 perms (0.86 metric perm) when tested 

in accordance with ASTM E96/E96M, Procedure A, and complying with NFPA 90A and 

NFPA 90B. 

6. ASJ+: All-service jacket composed of aluminum foil reinforced with glass scrim bonded 

to a kraft paper interleaving with an outer film leaving no paper exposed; complying with 

ASTM C1136, Types I, II, III, IV, and VII 

7. PSK Jacket: Aluminum foil, fiberglass-reinforced scrim with polyethylene backing; 

complying with ASTM C 1136, Type II. 

2.7 FIELD-APPLIED JACKETS 

A. Field-applied jackets comply with ASTM C921, Type I, unless otherwise indicated. 

B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 

C. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D1784, 

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. 

Thickness is indicated in field-applied jacket schedules. 

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

following: 

a. Johns Manville; a Berkshire Hathaway company. 

b. P.I.C. Plastics, Inc. 

c. Proto Corporation. 

d. Speedline Corporation. 

2. Adhesive: As recommended by jacket material manufacturer. 

3. Color: White. 

D. Aluminum Jacket: Comply with ASTM B209 (ASTM B209M), Alloy 3003, 3005, 3105, or 

5005, Temper H-14. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Johns Manville; a Berkshire Hathaway company. 

b. RPR Products, Inc. 

2. Sheet and roll stock ready for shop or field sizing. 

3. Finish and thickness are indicated in field-applied jacket schedules. 

4. Moisture Barrier for Indoor Applications: 1-mil- (0.025-mm-) thick, heat-bonded 

polyethylene and kraft paper. 

5. Moisture Barrier for Outdoor Applications: 3-mil- (0.075-mm-) thick, heat-bonded 

polyethylene and kraft paper. 

E. Self-Adhesive Outdoor Jacket (Asphaltic): 60-mil- (1.5-mm-) thick, laminated vapor barrier and 

waterproofing membrane for installation over insulation located aboveground outdoors; 

consisting of a rubberized bituminous resin on a crosslaminated polyethylene film covered with 

stucco-embossed aluminum-foil facing. 

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

following: 

a. Foster Brand; H. B. Fuller. 

b. MFM Building Products Corp. 

c. Polyguard Products, Inc. 

F. Self-Adhesive Indoor/Outdoor Jacket (Non-Asphaltic): Vapor barrier and waterproofing jacket 

for installation over insulation located aboveground outdoors or indoors. Specialized jacket has 

five layers of laminated aluminum and polyester film with low-temperature acrylic pressure-

sensitive adhesive. Outer aluminum surface is coated with UV-resistant coating for protection 

from environmental contaminants. 

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

following: 

a. 3M. 

b. 3M Building and Construction. 

c. Foster Brand; H. B. Fuller. 

d. Ideal Tape Co., Inc., an American Biltrite Company. 

2. Permeance: 0.00 perm as tested in accordance with ASTM F1249. 

3. Flamespread/Smoke Developed: 25/50 as tested in accordance with ASTM E84. 

4. Aluminum Finish: Embossed. 

2.8 FIELD-APPLIED FABRIC-REINFORCING MESH 

A. Woven Polyester Mesh: Approximately 1 oz./sq. yd. (34 g/sq. m) with a thread count of 

10 strands by 10 strands/sq. in. (4 strands by 4 strands/sq. mm), in a Leno weave, for ducts. 

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

following: 
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a. Childers Brand; H. B. Fuller Construction Products. 

b. Foster Brand; H. B. Fuller. 

2.9 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 

complying with ASTM C1136. 

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

following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Aeroflex USA. 

c. Avery Dennison Corporation, Specialty Tapes Division. 

d. Ideal Tape Co., Inc., an American Biltrite Company. 

e. Knauf Insulation. 

2. Width: 3 inches (75 mm). 

3. Thickness: 11.5 mils (0.29 mm). 

4. Adhesion: 90 ounces force/inch (1.0 N/mm) in width. 

5. Elongation: 2 percent. 

6. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width. 

7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 

complying with ASTM C1136. 

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

following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Avery Dennison Corporation, Specialty Tapes Division. 

c. Ideal Tape Co., Inc., an American Biltrite Company. 

d. Knauf Insulation. 

2. Width: 3 inches (75 mm). 

3. Thickness: 6.5 mils (0.16 mm). 

4. Adhesion: 90 ounces force/inch (1.0 N/mm) in width. 

5. Elongation: 2 percent. 

6. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width. 

7. FSK Tape Disks and Squares: Precut disks or squares of FSK tape. 

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 

suitable for indoor and outdoor applications. 

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

following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Ideal Tape Co., Inc., an American Biltrite Company. 
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2. Width: 2 inches (50 mm). 

3. Thickness: 6 mils (0.15 mm). 

4. Adhesion: 64 ounces force/inch (0.7 N/mm) in width. 

5. Elongation: 500 percent. 

6. Tensile Strength: 18 lbf/inch (3.3 N/mm) in width. 

D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive. 

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

following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Avery Dennison Corporation, Specialty Tapes Division. 

c. Ideal Tape Co., Inc., an American Biltrite Company. 

d. Knauf Insulation. 

e. Sekisui Voltek, LLC. 

2. Width: 2 inches (50 mm). 

3. Thickness: 3.7 mils (0.093 mm). 

4. Adhesion: 100 ounces force/inch (1.1 N/mm) in width. 

5. Elongation: 5 percent. 

6. Tensile Strength: 34 lbf/inch (6.2 N/mm) in width. 

2.10 SECUREMENTS 

A. Aluminum Bands: ASTM B209 (ASTM B209M), Alloy 3003, 3005, 3105, or 5005; Temper H-

14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide with wing seal or closed seal. 

B. Stainless steel: ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015 inch (0.38 mm) thick, 

1/2 inch (13 mm) wide with wing seal or closed seal. 

C. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept metal 

bands. Spring size determined by manufacturer application. 

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

following: 

a. Johns Manville; a Berkshire Hathaway company. 

b. RPR Products, Inc. 

D. Insulation Pins and Hangers: 

1. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate welded to 

projecting spindle that is capable of holding insulation, of thickness indicated, securely in 

position indicated when self-locking washer is in place. Comply with the following 

requirements: 

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

of the following: 
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1) AGM Industries, Inc. 

2) Gemco. 

3) Midwest Fasteners, Inc. 

4) Nelson Stud Welding. 

b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick 

by 2 inches (50 mm) square. 

c. Spindle: Copper- or zinc-coated, low-carbon steel, or Aluminum or Stainless 

steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank, length to suit depth of 

insulation indicated. 

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated 

capability to bond insulation hanger securely to substrates indicated without 

damaging insulation, hangers, and substrates. 

2. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate fastened 

to projecting spindle that is capable of holding insulation, of thickness indicated, securely 

in position indicated when self-locking washer is in place. Comply with the following 

requirements: 

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

of the following: 

1) Gemco. 

2) Midwest Fasteners, Inc. 

b. Baseplate: Perforated, nylon sheet, 0.030 inch (0.76 mm) thick by 1-1/2 inches (38 

mm) in diameter. 

c. Spindle: Nylon, 0.106-inch- (2.6-mm-) diameter shank, length to suit depth of 

insulation indicated, up to 2-1/2 inches (63 mm). 

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated 

capability to bond insulation hanger securely to substrates indicated without 

damaging insulation, hangers, and substrates. 

3. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- (0.41-mm-) 

thick, galvanized-steel or aluminum] or stainless steel sheet, with beveled edge sized as 

required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in 

diameter. 

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

of the following: 

1) AGM Industries, Inc. 

2) Gemco. 

3) Midwest Fasteners, Inc. 

4) Nelson Stud Welding. 

b. Protect ends with capped self-locking washers incorporating a spring steel insert to 

ensure permanent retention of cap in exposed locations. 
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4. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- 

(0.41-mm-) thick nylon sheet, with beveled edge sized as required to hold insulation 

securely in place but not less than 1-1/2 inches (38 mm) in diameter. 

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

of the following: 

1) Gemco. 

2) Midwest Fasteners, Inc. 

E. Staples: Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel 

or Monel. 

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

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

following: 

a. C & F Wire Products. 

b. Johns Manville; a Berkshire Hathaway company. 

c. RPR Products, Inc. 

2.11 CORNER ANGLES 

A. PVC Corner Angles: 30 mils (0.8 mm) thick, minimum 1 by 1 inch (25 by 25 mm), PVC in 

accordance with ASTM D1784, Class 16354-C. White or color-coded to match adjacent 

surface. 

B. Aluminum Corner Angles:[0.040 inch (1.0 mm) thick, minimum 1 by 1 inch (25 by 25 mm), 

aluminum in accordance with ASTM B209 (ASTM B209M), Alloy 3003, 3005, 3105, or 5005; 

Temper H-14. 

PART 3 - EXECUTION 

3.1 PREPARATION 

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

adversely affect insulation application. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 

free of voids throughout the length of ducts and fittings. 

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for 

each item of duct system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. Install 

accessories that do not corrode, compress, or otherwise damage insulation or jacket. 
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D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Keep insulation materials dry during application and finishing. Replace insulation materials that 

get wet during storage or in the installation process before being properly covered and sealed in 

accordance with the Contract Documents. 

G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with 

adhesive recommended by insulation material manufacturer. 

H. Install insulation with least number of joints practical. 

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 

2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure. Taper 

and seal ends at attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to 

insulation inserts with adhesive or sealing compound recommended by insulation 

material manufacturer. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 

and dry film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth, but not to the extent of creating wrinkles or areas of 

compression in the insulation. 

2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as 

insulation jacket. Secure strips with adhesive and outward clinching staples along both 

edges of strip, spaced 4 inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm). Clean and dry surface to 

receive self-sealing lap. Staple laps with outward clinching staples along edge at 4 inches 

(100 mm) o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's written 

instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 

ends adjacent to duct flanges and fittings. 

L. Cut insulation in a manner to avoid compressing insulation. 

M. Finish installation with systems at operating conditions. Repair joint separations and cracking 

due to thermal movement. 
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N. Repair damaged insulation facings by applying same facing material over damaged areas. 

Extend patches at least 4 inches (100 mm) beyond damaged areas. Adhere, staple, and seal 

patches similar to butt joints. 

3.3 PENETRATIONS 

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof 

penetrations. 

1. Seal penetrations with flashing sealant. 

2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant. For applications requiring indoor and outdoor insulation, 

install insulation for outdoor applications tightly joined to indoor insulation ends. Seal 

joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches (50 mm) below 

top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation 

continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 

2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant. For applications requiring indoor and outdoor insulation, 

install insulation for outdoor applications tightly joined to indoor insulation ends. Seal 

joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at 

least 2 inches (50 mm). 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): 

Install insulation continuously through walls and partitions. 

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire 

damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper sleeves 

to match adjacent insulation and overlap duct insulation at least 2 inches (50 mm). 

1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 

and fire-resistive joint sealers. 

E. Insulation Installation at Floor Penetrations: 

1. Duct: For penetrations through fire-rated assemblies, terminate insulation at fire damper 

sleeves and externally insulate damper sleeve beyond floor to match adjacent duct 

insulation. Overlap damper sleeve and duct insulation at least 2 inches (50 mm). 

2. Seal penetrations through fire-rated assemblies. Comply with requirements in 

Section 078413 "Penetration Firestopping." 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

DUCT INSULATION 230713 - 14 

3.4 INSTALLATION OF GLASS-FIBER AND MINERAL-WOOL INSULATION 

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins. 

B. Comply with manufacturer's written installation instructions. 

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 

for 100 percent coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 

transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-

discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as 

follows: 

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

longitudinal centerline of duct. Space 3 inches (75 mm) maximum from insulation 

end joints, and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm), place pins 

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

insulation joints. Install additional pins to hold insulation tightly against surface at 

cross bracing. 

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

d. Do not overcompress insulation during installation. 

e. Impale insulation over pins and attach speed washers. 

f. Cut excess portion of pins extending beyond speed washers or bend parallel with 

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

facing. 

4. For ducts and plenums with surface temperatures below ambient, install a continuous 

unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with 

insulation by removing 2 inches (50 mm) from one edge and one end of insulation 

segment. Secure laps to adjacent insulation section with 1/2-inch (13-mm) outward-

clinching staples, 1 inch (25 mm) o.c. Install vapor barrier consisting of factory- or field-

applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, and 

protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-

barrier seal. 

b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C) 

at 18-foot (5.5-m) intervals. Vapor stops consist of vapor-barrier mastic applied in 

a Z-shaped pattern over insulation face, along butt end of insulation, and over the 

surface. Cover insulation face and surface to be insulated a width equal to two 

times the insulation thickness, but not less than 3 inches (75 mm). 

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

joints. At end joints, secure with steel bands spaced a maximum of 18 inches (450 mm) 

o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation section 

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

mitered gores cut to fit the elbow. 
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7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 

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

alternating sides of stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c. 

C. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins. 

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 

for 100 percent coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 

transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-

discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as 

follows: 

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

longitudinal centerline of duct. Space 3 inches (75 mm) maximum from insulation 

end joints, and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm), space pins 

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

insulation joints. Install additional pins to hold insulation tightly against surface at 

cross bracing. 

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

d. Do not overcompress insulation during installation. 

e. Cut excess portion of pins extending beyond speed washers or bend parallel with 

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

facing. 

4. For ducts and plenums with surface temperatures below ambient, install a continuous 

unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with 

insulation by removing 2 inches (50 mm) from one edge and one end of insulation 

segment. Secure laps to adjacent insulation section with 1/2-inch (13-mm) outward-

clinching staples, 1 inch (25 mm) o.c. Install vapor barrier consisting of factory- or field-

applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, and 

protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-

barrier seal. 

b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C) 

at 18-foot (5.5-m) intervals. Vapor stops consist of vapor-barrier mastic applied in 

a Z-shaped pattern over insulation face, along butt end of insulation, and over the 

surface. Cover insulation face and surface to be insulated a width equal to two 

times the insulation thickness, but not less than 3 inches (75 mm). 

5. Install insulation on rectangular duct elbows and transitions with a full insulation section 

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

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

individually mitered gores cut to fit the elbow. 

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

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

alternating sides of stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c. 
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3.5 FIELD-APPLIED JACKET INSTALLATION 

A. Where FSK jackets are indicated, install as follows: 

1. Draw jacket material smooth and tight. 

2. Install lap or joint strips with same material as jacket. 

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

4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-inch- (75-mm-) 

wide joint strips at end joints. 

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

with vapor-barrier mastic. 

B. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and 

end joints; for horizontal applications, install with longitudinal seams along top and bottom of 

tanks and vessels. Seal with manufacturer's recommended adhesive. 

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

finish bead along seam and joint edge. 

C. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams 

and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with 

weatherproof sealant recommended by insulation manufacturer. Secure jacket with stainless 

steel bands 12 inches (300 mm) o.c. and at end joints. 

3.6 FIRE-RATED INSULATION SYSTEM INSTALLATION 

A. Comply with manufacturer's written installation instructions. 

B. Where fire-rated insulation system is indicated, secure system to ducts and duct hangers and 

supports to maintain a continuous fire rating. 

C. Insulate duct access panels and doors to achieve same fire rating as duct. 

D. Install firestopping at penetrations through fire-rated assemblies. Fire-stop systems are specified 

in Section 078413 "Penetration Firestopping." 

3.7 FINISHES 

A. Insulation with ASJ or Other Paintable Jacket Material: Paint jacket with paint system identified 

below and as specified in Section 099113 "Exterior Painting" and Section 099123 "Interior 

Painting." 

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket material 

and finish coat paint. Add fungicidal agent to render fabric mildew proof. 

a. Finish Coat Material: Interior, flat, latex-emulsion size. 

B. Color: Final color as selected by Architect. Vary first and second coats to allow visual 

inspection of the completed Work. 
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C. Do not field paint aluminum or stainless steel jackets. 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and 

insulation in layers in reverse order of their installation. Extent of inspection is limited to 

one location(s) for each duct system defined in the "Duct Insulation Schedule, General" 

Article. 

C. All insulation applications will be considered defective Work if sample inspection reveals 

noncompliance with requirements. 

3.9 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 

1. Indoor, concealed supply and outdoor air. 

2. Indoor, exposed supply and outdoor air. 

3. Indoor, concealed return located in unconditioned space. 

4. Indoor, exposed return located in unconditioned space. 

5. Indoor, concealed oven and warewash exhaust. 

6. Indoor, exposed oven and warewash exhaust. 

7. Indoor, concealed exhaust between isolation damper and penetration of building exterior. 

8. Indoor, exposed exhaust between isolation damper and penetration of building exterior. 

9. Outdoor, concealed supply and return. 

10. Outdoor, exposed supply and return. 

B. Items Not Insulated: 

1. Fibrous-glass ducts. 

2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1. 

3. Factory-insulated flexible ducts. 

4. Factory-insulated plenums and casings. 

5. Flexible connectors. 

6. Vibration-control devices. 

7. Factory-insulated access panels and doors. 

3.10 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Concealed, Supply-Air Duct and Plenum Insulation: Mineral Fiber blanket, 1-1/2 inches (38 

mm) thick and 0.75 lb/cu. ft. (12 kg/cu. m) nominal density. 
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B. Concealed, Return-Air Duct and Plenum Insulation: Mineral-Fiber blanket, 1-1/2 inches (38 

mm) thick and 0.75 lb/cu. ft. (12 kg/cu. m) nominal density. 

C. Concealed, Outdoor-Air Duct and Plenum Insulation: Mineral-fiber blanket, 2 inches (38 

mm) thick and 0.75 lb/cu. ft. (12 kg/cu. m) nominal density. 

D. Concealed, Exhaust-Air Duct and Plenum Insulation: Mineral-fiber blanket, 1-1/2 inches (38 

mm) thick and 0.75 lb/cu. ft. (12 kg/cu. m) nominal density. 

E. Exposed, Supply-Air Duct and Plenum Insulation: Mineral-fiber blanket, 1-1/2 inches (38 

mm) thick and 1.5 lb/cu. ft. (24 kg/cu. m) nominal density. 

F. Exposed, Return-Air Duct and Plenum Insulation: Mineral-fiber blanket, 1-1/2 inches (38 

mm)  thick and 1.5 lb/cu. ft. (24 kg/cu. m) nominal density. 

G. Exposed, Outdoor-Air Duct and Plenum Insulation: Mineral-fiber blanket, /2 inches (38 mm)  

thick and 1.5 lb/cu. ft. (24 kg/cu. m)nominal density. 

H. Exposed, Exhaust-Air Duct and Plenum Insulation: Mineral-fiber blanket, 1-1/2 inches (38 

mm) thick and 1.5 lb/cu. ft. (24 kg/cu. m) nominal density. 

3.11 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install the 

field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Ducts and Plenums, Concealed: 

1. None. 

2. Aluminum, Stucco Embossed: 0.024 inch (0.61 mm) thick. 

D. Ducts and Plenums, Exposed, up to 48 Inches (1200 mm) in Diameter or with Flat Surfaces up 

to 72 Inches (1800 mm): 

1. Aluminum, Stucco Embossed: 0.024 inch (0.61 mm)thick. 

2. <Insert jacket type>. 

E. Ducts and Plenums, Exposed, Larger Than 48 Inches (1200 mm) in Diameter or with Flat 

Surfaces Larger Than 72 Inches (1800 mm): 

1. Aluminum, Stucco Embossed with 1-1/4-Inch- (32-mm-) Deep Corrugations thick. 

2. <Insert jacket type>. 

END OF SECTION 230713 
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SECTION 232300 - REFRIGERANT PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Copper tube and fittings. 

2. Valves and specialties. 

3. Refrigerants. 

1.2 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Solenoid valves. 

2. Thermostatic expansion valves. 

3. Strainers. 

4. Filter dryers. 

5. Pressure-regulating valves. 

B. Product Data Submittals: For each product. 

1. Submit data for each type of refrigerant piping, fitting, valve, piping specialty, and 

refrigerant. 

C. Delegated Design Submittals: For refrigerant piping size and layout, including oil traps, double 

risers, specialties, and pipe and tube sizes to accommodate, as a minimum, equipment provided, 

elevation difference between compressor and evaporator, and length of piping to ensure proper 

operation and compliance with warranties of connected equipment. 

D. Shop Drawings: 

1. Show piping size and piping layout, including oil traps, double risers, specialties, and 

pipe and tube sizes to accommodate, as a minimum, equipment provided, elevation 

difference between compressor and evaporator, and length of piping to ensure proper 

operation and compliance with warranties of connected equipment. 

2. Show interface and spatial relationships between piping and equipment. 

3. Shop Drawing Scale: 1/4 inch equals 1 foot (1:50). 

1.3 INFORMATIONAL SUBMITTALS 

A. Welding Certificates: For each welder performing shop or field welding on Project. 

B. Field Quality-Control Reports: For each field quality control test and inspection. 
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1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel in accordance with ASME Boiler 

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

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," for refrigerant piping size and layout, including oil traps, double risers, 

specialties, and pipe and tube sizes to accommodate, as a minimum, equipment provided, 

elevation difference between compressor and evaporator, and length of piping to ensure proper 

operation and compliance with warranties of connected equipment. 

B. Comply with ASHRAE 15. 

C. Comply with ASME B31.5. 

D. Line Test Pressure for Refrigerant R-32 or 454B: 

1. Suction Lines for Refrigeration and Air-Conditioning Applications Other than Heat 

Pumps: 300 psig (2068 kPa). 

2. Suction Lines for Heat-Pump Applications: 535 psig (3689 kPa). 

3. Hot-Gas and Liquid Lines: 535 psig (3689 kPa). 

2.2 COPPER TUBE AND FITTINGS 

A. Copper Tube: ASTM B280, Type ACR. 

B. Wrought-Copper Fittings, Solder Joint: ASME B16.22. 

C. Wrought-Copper Fittings, Brazed Joint: ASME B16.50. 

D. Wrought-Copper Unions: ASME B16.22. 

E. Solder Filler Metals: ASTM B32. Use 95-5 tin antimony or alloy HB solder to join copper 

socket fittings on copper pipe. 

F. Brazing Filler Metals: AWS A5.8M/A5.8. 

G. Brazing Alloy 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Handy Harmon; Sil-Fos 

b. Airco Welding Products; Aircosil 

c. ESAB Allstate 

 

2. 45% silver/phosphorous or silver/zinc allow with a melting point greater than 1,000 deg 

F. 

H. Flexible Connectors: 

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

following: 

a. Metraflex 

b. Flexonics 

c. Flexicraft 

d. Hyspan Precision Products 

2. Corrugated stainless steel inner tube with braided outer shield, sweat connections. 

3. Offset Performance: Capable of minimum 3/4-inch (20-mm) misalignment in minimum 

7-inch- (180-mm-) long assembly. 

4. Working Pressure Rating: Factory test at minimum 500 psig (3450 kPa). 

5. Maximum Operating Temperature: 250 deg F (121 deg C). 

2.3 VALVES AND SPECIALTIES 

A. Diaphragm Packless Valves: 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body and Bonnet: Forged brass or cast bronze; globe design with straight-through or 

angle pattern. 

3. Diaphragm: Phosphor bronze and stainless steel with stainless steel spring. 

4. Operator: Rising stem and hand wheel. 

5. Seat: Nylon. 

6. End Connections: Socket, union, or flanged. 

7. Working Pressure Rating: 500 psig (3450 kPa). 

8. Maximum Operating Temperature: 240 deg F (116 deg C). 

B. Packed-Angle Valves: 

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

following: 

a. Danfoss, Inc. 
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b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body and Bonnet: Forged brass or cast bronze. 

3. Packing: Molded stem, back seating, and replaceable under pressure. 

4. Operator: Rising stem. 

5. Seat: Nonrotating, self-aligning polytetrafluoroethylene. 

6. Seal Cap: Forged-brass or valox hex cap. 

7. End Connections: Socket, union, threaded, or flanged. 

8. Working Pressure Rating: 500 psig (3450 kPa). 

9. Maximum Operating Temperature: 275 deg F (135 deg C). 

C. Check Valves: 

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

following: 

a. Apollo Valves; a part of Aalberts Integrated Piping Systems. 

b. Danfoss, Inc. 

c. Henry Technologies Inc.; The Henry Group. 

d. Parker (Parker Hannifin). 

2. Body: Ductile iron, forged brass, or cast bronze; globe pattern. 

3. Bonnet: Bolted ductile iron, forged brass, or cast bronze; or brass hex plug. 

4. Piston: Removable polytetrafluoroethylene seat. 

5. Closing Spring: Stainless steel. 

6. Manual Opening Stem: Seal cap, plated-steel stem, and graphite seal. 

7. End Connections: Socket, union, threaded, or flanged. 

8. Maximum Opening Pressure: 0.50 psig (3.4 kPa). 

9. Working Pressure Rating: 500 psig (3450 kPa). 

10. Maximum Operating Temperature: 275 deg F (135 deg C)>. 

D. Service Valves: 

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

following: 

a. Henry Technologies Inc.; The Henry Group.; Type 203 

2. Body: Forged brass with brass cap, including key end to remove core. 

3. Core: Removable ball-type check valve with stainless steel spring. 

4. Seat: Polytetrafluoroethylene. 

5. End Connections: Copper spring. 

6. Working Pressure Rating: 500 psig (3450 kPa). 

7. Maximum Operating Temperature: 275 deg F (135 deg C). 

E. Refrigerant Locking Caps: 

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

following: 

a. C & D Valve, LLC. 
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b. JB Industries. 

c. RectorSeal HVAC; a CSW Industrials Company. 

d. Refrigeration Sales, Inc. 

2. Description: Locking-type, tamper-resistant, threaded caps to protect refrigerant-charging 

ports from unauthorized refrigerant access and leakage. 

3. Material: Brass, with protective shroud or sleeve. 

4. Refrigerant Identification: Color-coded, refrigerant specific based on 

AHRI Guideline N or Universal design. 

5. Special Tool: For installing and unlocking. 

F. Solenoid Valves: Comply with AHRI 760 I-P (AHRI 761 SI) and UL 429; listed and labeled by 

an NRTL. 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body and Bonnet: Plated steel. 

3. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice: Stainless steel. 

4. Seat: Polytetrafluoroethylene. 

5. End Connections: Threaded. 

6. Electrical: Molded, watertight coil in NEMA 250 enclosure of type required by location 

with 1/2-inch (16-mm) conduit adapter, and 24, 115 or 208 V ac coil. 

7. Working Pressure Rating: 400 psig (2760 kPa). 

8. Maximum Operating Temperature: 240 deg F (116 deg C). 

G. Safety Relief Valves: Comply with ASME Boiler and Pressure Vessel Code; listed and labeled 

by an NRTL. 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body and Bonnet: Ductile iron and steel, with neoprene O-ring seal. 

3. Piston, Closing Spring, and Seat Insert: Stainless steel. 

4. Seat: Polytetrafluoroethylene. 

5. End Connections: Threaded. 

6. Working Pressure Rating: 400 psig (2760 kPa). 

7. Maximum Operating Temperature: 240 deg F (116 deg C). 

H. Thermostatic Expansion Valves: Comply with AHRI 750 I-P (AHRI 751 SI). 

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

following: 
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a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker Hannifin; Sporlan Division (Zoomlock). 

2. Body, Bonnet, and Seal Cap: Forged brass or steel. 

3. Diaphragm, Piston, Closing Spring, and Seat Insert: Stainless steel. 

4. Packing and Gaskets: Non-asbestos. 

5. Capillary and Bulb: Copper tubing filled with refrigerant charge. 

6. Suction Temperature: 40 deg F (4.4 deg C). 

7. Superheat: Adjustable. 

8. Reverse-flow option (for heat-pump applications). 

9. End Connections: Socket, flare, or threaded union. 

10. Working Pressure Rating:450 psig (3100 kPa). 

I. Straight-Type Strainers: 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body: Welded steel with corrosion-resistant coating. 

3. Screen: 100-mesh stainless steel. 

4. End Connections: Socket or flare. 

5. Working Pressure Rating: 500 psig (3450 kPa). 

6. Maximum Operating Temperature: 275 deg F (135 deg C). 

J. Angle-Type Strainers: 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body: Forged brass or cast bronze. 

3. Drain Plug: Brass hex plug. 

4. Screen: 100-mesh monel. 

5. End Connections: Socket or flare. 

6. Working Pressure Rating: 500 psig (3450 kPa). 

7. Maximum Operating Temperature: 275 deg F (135 deg C). 

K. Moisture/Liquid Indicators: 

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

following: 

a. Danfoss, Inc. 
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b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

d. RLS LLC. 

2. Body: Forged brass. 

3. Window: Replaceable, clear, fused glass window with indicating element protected by 

filter screen. 

4. Indicator: Color-coded to show moisture content in parts per million (ppm). 

5. Minimum Moisture Indicator Sensitivity: Indicate moisture above 60 ppm. 

6. End Connections: Socket or flare. 

7. Working Pressure Rating: 500 psig (3450 kPa). 

8. Maximum Operating Temperature: 240 deg F (116 deg C). 

L. Replaceable-Core Filter Dryers: Comply with AHRI 730 I-P (AHRI 731 SI). 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

2. Body and Cover: Painted-steel shell with ductile-iron cover, stainless steel screws, and 

neoprene gaskets. 

3. Filter Media: 10 micron, pleated with integral end rings; stainless steel support. 

4. Desiccant Media: Activated alumina or charcoal. 

5. Design: Reverse flow (for heat-pump applications). 

6. End Connections: Socket. 

7. Access Ports: NPS 1/4 (DN 8) connections at entering and leaving sides for pressure 

differential measurement. 

8. Maximum Pressure Loss: 2 psig (14 kPa). 

9. Working Pressure Rating: 500 psig (3450 kPa). 

10. Maximum Operating Temperature: 240 deg F (116 deg C). 

M. Permanent Filter Dryers: Comply with AHRI 730 I-P (AHRI 731 SI). 

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

following: 

a. Danfoss, Inc. 

b. Henry Technologies Inc.; The Henry Group. 

c. Parker (Parker Hannifin). 

d. RLS LLC. 

2. Body and Cover: Painted-steel shell. 

3. Filter Media: 10 micron, pleated with integral end rings; stainless steel support. 

4. Desiccant Media: Activated alumina or charcoal. 

5. Design: Reverse flow (for heat-pump applications). 

6. End Connections: Socket. 

7. Access Ports: NPS 1/4 (DN 8) connections at entering and leaving sides for pressure 

differential measurement. 
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8. Maximum Pressure Loss: 2 psig (14 kPa). 

9. Working Pressure Rating: 500 psig (3450 kPa). 

10. Maximum Operating Temperature: 240 deg F (116 deg C). 

2.4 REFRIGERANTS 

A. R-32 or 454B, ASHRAE 34: Hydrofluoroolefin/Difluoromethane. 

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

following: 

a. Arkema Inc. 

b. DuPont Fluorochemicals Div. 

c. Genetron Refrigerants; Honeywell International Inc. 

d. Mexichem Fluor, Inc. (Koura). 

PART 3 - EXECUTION 

3.1 PIPING APPLICATION SCHEDULES R-32 or R-454B 

A. Suction, Hot-Gas, and Liquid Tubing for Conventional Air-Conditioning (Cooling-Only) 

Applications, NPS 1-1/2 (DN 40) and Smaller: Copper, Type ACR, annealed-temper tubing and 

wrought-copper fittings with brazed or soldered joints. 

B. Suction, Hot-Gas, and Liquid Tubing for Conventional Air-Conditioning (Cooling-Only) 

Applications, NPS 4 (DN 100) and Smaller: Copper, Type ACR, drawn-temper tubing and 

wrought-copper fittings with brazed or soldered joints. 

C. Suction, Hot-Gas, and Liquid Tubing for Conventional Air-Conditioning (Cooling-Only) 

Applications, NPS 2 to NPS 4 (DN 50 to DN 100): Copper, Type ACR, drawn-temper tubing 

and wrought-copper fittings with brazed or soldered joints. 

D. Safety-Relief-Valve Discharge Tubing for Conventional Air-Conditioning (Cooling-Only) 

Applications, Copper: Type ACR drawn-temper tubing and wrought-copper fittings with 

brazed or soldered joints. 

E. Safety-Relief-Valve Discharge Piping for Conventional Air-Conditioning (Cooling-Only) 

Applications, Steel: Schedule 40, black steel and wrought-steel fittings with welded joints. 

F. Suction, Hot-Gas, and Liquid Tubing for Heat-Pump Applications, NPS 1-1/2 (DN 40) and 

Smaller: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed 

or soldered joints. 

G. Suction, Hot-Gas, and Liquid Tubing for Heat-Pump Applications, NPS 4 (DN 100) and 

Smaller: Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with brazed or 

soldered joints. 
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H. Suction, Hot-Gas, and Liquid Tubing for Heat-Pump Applications, NPS 2 to NPS 4 (DN 50 to 

DN 100): Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with brazed 

or soldered joints. 

I. Safety-Relief-Valve Discharge Tubing for Heat-Pump Applications, Copper: Type ACR, 

drawn-temper tubing and wrought-copper fittings with brazed or soldered joints. 

J. Safety-Relief-Valve Discharge Piping for Heat-Pump Applications, Steel: Schedule 40, black 

steel and wrought-steel fittings with welded joints. 

3.2 VALVE AND SPECIALTY APPLICATIONS 

A. Install diaphragm packless or packed-angle valves in suction and discharge lines of 

compressor. 

B. Install service valves for gauge taps at inlet and outlet of hot-gas bypass valves and strainers if 

they are not an integral part of valves and strainers. 

C. Install a check valve at the compressor discharge and a liquid accumulator at the compressor 

suction connection. 

D. Except as otherwise indicated, install diaphragm packless or packed-angle valves on inlet and 

outlet side of filter dryers. 

E. Install a full-size, three-valve bypass around filter dryers. 

F. Install solenoid valves upstream from each expansion valve and hot-gas bypass valve. Install 

solenoid valves in horizontal lines with coil at top. 

G. Install thermostatic expansion valves as close as possible to distributors on evaporators. 

1. Install valve so diaphragm case is warmer than bulb. 

2. Secure bulb to clean, straight, horizontal section of suction line using two bulb straps. Do 

not mount bulb in a trap or at bottom of the line. 

3. If external equalizer lines are required, make connection where it will reflect suction-line 

pressure at bulb location. 

H. Install safety-relief valves where required by ASME Boiler and Pressure Vessel Code. Pipe 

safety-relief-valve discharge line to outside in accordance with ASHRAE 15. 

I. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or 

at the inlet of the evaporator coil capillary tube. 

J. Install strainers upstream from and adjacent to the following unless they are furnished as an 

integral assembly for the device being protected: 

1. Solenoid valves. 

2. Thermostatic expansion valves. 

3. Compressor. 
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K. Install filter dryers in liquid line between compressor and thermostatic expansion valve, and in 

the suction line at the compressor. 

L. Install flexible connectors at compressors. 

M. Provide refrigerant locking caps on refrigerant charging ports that are located outdoors unless 

otherwise protected from unauthorized access by a means acceptable to authority having 

jurisdiction. 

3.3 INSTALLATION OF PIPING, GENERAL 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems; indicated locations and arrangements were used to size pipe and calculate friction loss, 

expansion, pump sizing, and other design considerations. Install piping as indicated unless 

deviations to layout are approved on Shop Drawings. 

B. Install refrigerant piping in accordance with ASHRAE 15. 

C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 

and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 

angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 

otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping adjacent to machines to allow service and maintenance. 

G. Install piping free of sags and bends. 

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

I. Select system components with pressure rating equal to or greater than system operating 

pressure. 

J. Install piping as short and direct as possible, with a minimum number of joints, elbows, and 

fittings. 

K. Arrange piping to allow inspection and service of refrigeration equipment. Install valves and 

specialties in accessible locations to allow for service and inspection. Install access doors or 

panels as specified in Section 083113 "Access Doors and Frames" if valves or equipment 

requiring maintenance is concealed behind finished surfaces. 

L. Install refrigerant piping in protective conduit where installed belowground. 

M. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical 

injury. 

N. Slope refrigerant piping as follows: 
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1. Install horizontal hot-gas discharge piping with a uniform slope downward away from 

compressor. 

2. Install horizontal suction lines with a uniform slope downward to compressor. 

3. Install traps and double risers to entrain oil in vertical runs. 

4. Liquid lines may be installed level. 

O. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve 

stems, seats, packing, and accessible internal parts of refrigerant specialties. Do not apply heat 

near expansion-valve bulb. 

P. Install piping with adequate clearance between pipe and adjacent walls and hangers or between 

pipes for insulation installation. Refer to section 23 07 19 “HVAC Piping Insulation”. 

Q. Identify refrigerant piping and valves in accordance with Section 230553 "Identification for 

HVAC Piping and Equipment." 

R. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements 

for sleeves specified in Section 230500 "Common Work Results for HVAC." 

S. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 

requirements for sleeve seals specified in Section 230500 "Common Work Results for HVAC." 

T. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 

requirements for escutcheons specified in Section 230500 "Common Work Results for HVAC." 

3.4 PIPE JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 

C. Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during brazing or welding, 

to prevent scale formation. 

D. Soldered Joints: Construct joints in accordance with ASTM B828 or CDA's "Copper Tube 

Handbook." 

E. Brazed Joints: Construct joints in accordance with AWS BRH, "Brazing Handbook," Ch. 35, 

"Pipe and Tubing." 

1. Use Type BCuP (copper-phosphorus) alloy for joining copper socket fittings with copper 

pipe. 

2. Use Type BAg (cadmium-free silver) alloy for joining copper with bronze or steel. 

F. Threaded Joints: Thread steel pipe with tapered pipe threads in accordance with ASME B1.20.1. 

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

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



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

REFRIGERANT PIPING 232300 - 12 

1. Apply appropriate tape or thread compound to external pipe threads unless dry-seal 

threading is specified. 

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

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

3.5 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements for seismic restraints in Section 230548.13 "Vibration Controls for 

HVAC." 

B. Comply with Section 230529 "Hangers and Supports for HVAC Piping and Equipment" for 

hangers, supports, and anchor devices. 

C. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal runs less than 20 ft. (6 m) long. 

2. Roller hangers and spring hangers for individual horizontal runs 20 ft. (6 m) or longer. 

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 ft. (6 m) or longer, 

supported on a trapeze. 

4. Spring hangers to support vertical runs. 

5. Copper-clad hangers and supports for hangers and supports in direct contact with copper 

pipe. 

D. Install hangers for copper tubing with maximum horizontal spacing and minimum rod 

diameters, to comply with MSS SP-58, locally enforced codes, and authorities having 

jurisdiction requirements, whichever are most stringent. 

E. Support horizontal piping within 12 inches (300 mm) of each fitting. 

F. Support vertical runs of copper tubing to comply with MSS SP-58, locally enforced codes, and 

authorities having jurisdiction requirements, whichever are most stringent. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Tests and Inspections: 

1. Comply with ASME B31.5, Chapter VI. 

2. Test refrigerant piping, specialties, and receivers. Isolate compressor, condenser, 

evaporator, and safety devices from test pressure if they are not rated above the test 

pressure. 

3. Test high- and low-pressure side piping of each system separately at not less than the 

pressures indicated in "Performance Requirements" Article. 

a. Fill system with nitrogen to the required test pressure. 

b. System must maintain test pressure at the manifold gauge throughout duration of 

test. 
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c. Test joints and fittings with electronic leak detector or by brushing a small amount 

of soap and glycerin solution over joints. 

d. Remake leaking joints using new materials, and retest until satisfactory results are 

achieved. 

C. Prepare test and inspection reports. 

3.7 SYSTEM CHARGING 

A. Charge system using the following procedures: 

1. Install core in filter dryers after leak test but before evacuation. 

2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers (67 Pa). If 

vacuum holds for 12 hours, system is ready for charging. 

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig (14 kPa). 

4. Charge system with a new filter-dryer core in charging line. 

B. Option: Pre-Charged, pre-insulated line set. 

3.8 ADJUSTING 

A. Adjust thermostatic expansion valve to obtain proper evaporator superheat. 

B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating 

suction pressure. 

C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the system 

design temperature. 

D. Perform the following adjustments before operating the refrigeration system, in accordance with 

manufacturer's written instructions: 

1. Open shutoff valves in condenser water circuit. 

2. Verify that compressor oil level is correct. 

3. Open compressor suction and discharge valves. 

4. Open refrigerant valves but not bypass valves that are used for other purposes. 

5. Check open compressor-motor alignment and verify lubrication for motors and bearings. 

E. Replace core of replaceable filter dryer after system has been adjusted and after design flow 

rates and pressures are established. 

END OF SECTION 232300 
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SECTION 233346 - FLEXIBLE DUCTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Flexible ducts, insulated. 

2. Flexible duct connectors. 

1.2 ACTION SUBMITTALS 

A. Product data. 

B. Product Data Submittals: For each type of product. 

PART 2 - PRODUCTS 

2.1 ASSEMBLY DESCRIPTION 

A. Comply with NFPA 90A and NFPA 90B. 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 

acceptable materials, material thicknesses, and duct construction methods unless otherwise 

indicated. Sheet metal materials must be free of pitting, seam marks, roller marks, stains, 

discolorations, and other imperfections. 

C. Comply with the Air Duct Council's (formerly, Air Diffusion Council) "ADC Flexible Air Duct 

Test Code - FD 72-R1" and "Flexible Duct Performance & Installation Standards." 

D. Comply with ASTM E96/E96M. 

2.2 FLEXIBLE DUCTS, INSULATED 

A. Standard: Product is to be UL 181 listed and bearing the UL label. Shall not exceed 25 Flame 

Spread and 50 Smoke Developed. 

B. Flexible Ducts, Insulated - Class 1, Two-Ply Vinyl Film Supported by Helically Wound, 

Spring-Steel Wire; Fibrous-Glass Insulation: 

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

following: 

a. Flexmaster U.S.A., Inc. Type 3M or TL V 
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2. Pressure Rating: 10 inch wg (2500 Pa) positive and 1.0 inch wg (250 Pa) negative. 

3. Maximum Air Velocity: 4000 fpm (20 m/s). 

4. Temperature Range: Minus 10 to plus 160 deg F (Minus 23 to plus 71 deg C). 

5. Insulation R-Value: Comply with ASHRAE/IES 90.1. 

6. Vapor-Barrier Film: Polyethylene or Aluminized. 

C. Flexible Ducts, Insulated - Class 1, Multiple Layers of Aluminum Laminate Supported by 

Helically Wound, Spring-Steel Wire; Fibrous-Glass Insulation: 

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

following: 

a. Flexmaster U.S.A., Inc. Type 3M 

2. Pressure Rating: 10 inch wg (2500 Pa) positive and 1.0 inch wg (250 Pa) negative. 

3. Maximum Air Velocity: 4000 fpm (20 m/s). 

4. Temperature Range: Minus 20 to plus 210 deg F (Minus 29 to plus 99 deg C). 

5. Insulation R-Value: Comply with ASHRAE/IES 90.1. 

6. Vapor-Barrier Film: Polyethylene or Aluminized. 

D. Option to insulated rigid round ductwork:  

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

following: 

a. Flexmaster Type TL-V.  

 

2. Pre-insulated, semi-rigid, triple-lock, aluminum, flexible, round ductwork for branch 

runouts and connections to diffusers.  

3. Maximum Air Velocity: 4000 fpm (20 m/s). 

4. Temperature Range: Minus 20 to plus 210 deg F (Minus 29 to plus 99 deg C). 

5. Insulation R-Value: Comply with ASHRAE/IES 90.1. 

6. Pressure Rating: 6 inch wg positive at 4.0 inch wg negative.  

2.3 FLEXIBLE DUCT CONNECTORS 

A. Clamps: Stainless steel band with stainless steel or zinc-plated hex screw to tighten band 

with a worm-gear action or Nylon strap in sizes 3 through 18 inches (75 through 460 mm), to 

suit duct size. 

B. Flexible Duct Connections Option: Ventfabrics “Ventglas.” 30 oz. neoprene-coated glass fabric. 

2.4 ADHESIVES 

A. Adhesives shall have a VOC content of 50g/L or less. 
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PART 3 - EXECUTION 

3.1 INSTALLATION OF FLEXIBLE DUCTS 

A. Install flexible ducts in accordance with applicable details in the following publications: 

1. ADC's "Flexible Duct Performance & Installation Standards" for flexible ducts. 

2. NAIMA AH116. 

3. SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts. 

4. SMACNA's "Fibrous Glass Duct Construction Standards" for fibrous-glass ducts. 

B. Install in indoor applications only. Do not install flexible duct in locations where it will be 

exposed to UV lighting. 

C. Connect diffusers ducts directly with maximum 60-inch (1500-mm) lengths of flexible duct 

clamped or strapped in place. 

D. Connect flexible ducts to metal ducts with draw bands and adhesive plus sheet metal screws. 

E. Install duct test holes where required for testing and balancing purposes. 

F. Installation: 

1. Install ducts fully extended. 

2. Do not bend ducts across sharp corners. 

3. Bends of flexible ducting must not exceed a minimum of one-duct diameter. 

4. Avoid contact with metal fixtures, water lines, pipes, or conduits. 

5. Install flexible ducts in a direct line, without sags, twists, or turns. 

6. Install in accordance with ADC instructions. 

G. Supporting Flexible Ducts: 

1. Support flexible duct at manufacturer's recommended intervals, but at no greater distance 

than 4 ft. (1.2 m). Provide sufficient support so that maximum centerline sag is 1/2 in. per 

ft. (42 mm per meter) between supports. A connection to rigid duct or equipment may be 

considered a support joint. 

2. Install extra supports at bends placed approximately one-duct diameter from center line 

of the bend. 

3. Ducts may rest on ceiling joists or truss supports. Spacing between supports must not 

exceed the maximum spacing in accordance with manufacturer's written installation 

instructions. 

4. Vertically installed ducts must be stabilized by support straps at a maximum of 72 inches 

(1800 mm) o.c. 

END OF SECTION 233346 
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SECTION 233400 - HVAC FANS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Fans, centrifugal, inline - square. 

2. Ventilators, centrifugal - ceiling mounted. 

3. Ventilators, centrifugal - sidewall mounted. 

4. Fans, propeller - sidewall mounted. 

1.2 ACTION SUBMITTALS 

A. Product data. 

B. Shop Drawings: 

1. Plans, elevations, sections, and attachment details. 

2. Details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Diagrams for power, signal, and control wiring. 

4. Design Calculations: Calculate requirements for selecting vibration isolators and for 

designing vibration isolation bases. 

5. Vibration Isolation Base Details: Detail fabrication, including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor bases, 

rails, and frames for equipment mounting. 

C. Delegated Design Submittal: For vibration isolation, supports, indicated to comply with 

performance requirements and design criteria, including analysis data signed and sealed by the 

qualified professional engineer responsible for their preparation. 

1. Design Calculations: Calculate requirements for selecting vibration isolators, supports, 

and for designing vibration isolation bases. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Floor plans showing fan rooms and fan system layouts, reflected 

ceiling plans, and other drawings required to illustrate 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. 

B. Startup service reports. 

C. Field quality-control reports. 
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1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1. Operation in normal and emergency modes. 

2. Operation and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

an NRTL, and marked for intended location and application. 

B. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of unit 

components. 

C. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems 

and Equipment" and Section 7 - "Construction and Startup." 

D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6 - 

"Heating, Ventilating, and Air-Conditioning." 

E. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design vibration isolation, supports, including comprehensive 

engineering analysis by a qualified professional engineer, using performance requirements and 

design criteria indicated. 

F. Capacities and Characteristics: 

1. Refer to mechanical schedules on drawings. 

G. Service Conditions: 

1. Refert to mechanical drawings. 

2.2 FANS, CENTRIFUGAL, INLINE - SQUARE 

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

following: 

a. Carnes 

b. Jenn Fan 

c. Loren Cook Company 

d. PennBarry Fan Co. 

e. Greenheck 

B. Description: Square-housing in-line centrifugal fans. 

C. Standards: Comply with UL 705. 

D. Housing: 
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1. Housing Material: Galvanized steel. 

2. Housing Coating: Powder-baked enamel. 

3. Housing Construction: Side panels are to be easily removable for service. Include inlet 

and outlet flanges, and support bracket adaptable to floor, side wall, or ceiling mounting. 

E. Direct-Drive Units: Motor mounted in airstream, factory wired to disconnect switch located on 

outside of fan housing. 

F. Belt-Driven Units: Motor mounted on adjustable base, with adjustable sheaves, enclosures 

around belts within fan housing, and lubricating tubes from fan bearings extended to outside of 

fan housing. 

G. Fan Wheels: Aluminum airfoil blades welded to aluminum hub. 

H. Motor Enclosure: Open, dripproof. 

I. Accessories: 

1. Access for Inspection, Cleaning, and Maintenance: Comply with requirements in 

ASHRAE 62.1. 

2. Variable-Speed Controller: Solid-state control to reduce speed from 100 to less than 50 

percent. 

3. Volume-Control Damper: Manually operated with quadrant lock, located in fan outlet. 

4. Companion Flanges: For inlet and outlet duct connections. 

5. Fan Guards: 1/2- by 1-inch (13- by 25-mm) mesh of galvanized steel in removable frame. 

Provide guard for inlet or outlet for units not connected to ductwork. 

6. Motor: Epoxy-coated steel. 

7. Belt Guards: Fabricate of prime-coated steel to comply with OSHA and SMACNA 

requirements for motors with exposed drive belt. Include provisions for adjustment of 

belt tension, lubrication, and use of tachometer with guard in place. 

8. Side Discharge: Flange connector and attachment hardware to provide right-angle 

discharge on side of unit. 

2.3 VENTILATORS, CENTRIFUGAL - CEILING MOUNTED 

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

following: 

a. Carnes 

b. Jenn Fan 

c. Loren Cook Company 

d. PennBarry Fan Co. 

e. Greenheck 

B. Standards: Comply with UL 705. 

C. Housing: Steel, lined with acoustical insulation. 

D. Fan Wheel: Centrifugal wheels directly mounted on motor shaft. Fan shrouds, motor, and fan 

wheel are removable for service. 
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E. Back-draft damper: Integral. 

F. Grille: Plastic, white, louvered grille with flange on intake and thumbscrew or spring retainer 

attachment to fan housing. 

G. Electrical Requirements: Junction box for electrical connection on housing and receptacle for 

motor plug-in. 

H. Accessories: 

1. Variable-Frequency Motor Controller: Solid-state control to reduce speed from 100 to 

less than 50 percent. 

2. Manual Starter Switch: Single-pole rocker switch assembly with cover and pilot light. 

3. Time-Delay Switch: Assembly with single-pole rocker switch, timer, and cover plate. 

4. Motion Sensor: Motion detector with adjustable shutoff timer. 

5. Ceiling Radiation Damper: Fire-rated assembly with ceramic blanket, stainless steel 

springs, and fusible link. 

6. Filter: Washable aluminum to fit between fan and grille. 

7. Isolation: Rubber-in-shear vibration isolators. 

8. Manufacturer's standard roof jack or wall cap, and transition fittings. 

2.4 VENTILATORS, CENTRIFUGAL - SIDEWALL MOUNTED 

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

following: 

a. Carnes 

b. Jenn Fan 

c. Loren Cook Company 

d. PennBarry Fan Co. 

e. Greenheck 

B. Standards: 

1. Comply with UL 705. 

2. Power ventilators for use with restaurant kitchen exhaust are to comply with UL 762. 

C. Configuration: Centrifugal sidewall ventilator. 

D. Housing: Removable spun aluminum; square, one-piece aluminum base with venturi inlet 

cone. 

1. Upblast Units: Provide spun-aluminum discharge baffle to direct discharge air upward, 

with rain and snow drains. 

E. Fan Wheels: Aluminum hub and wheel with backward-inclined blades . 

F. Belt Drives: 

1. Resiliently mounted to housing. 

2. Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub. 
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3. Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball bearings; 

minimum ABMA 9, L10 of 100,000 hours. 

4. Fan Pulleys: Cast iron or cast steel with split, tapered bushing; dynamically balanced at 

factory. 

5. Motor Pulleys: Adjustable pitch for use with motors through 5  hp. Select pulley so pitch 

adjustment is at the middle of adjustment range at fan design conditions. Provide fixed 

pitch for use with motors larger than 5 hp. 

6. Fan and motor are isolated from exhaust airstream. 

G. Accessories: 

1. Variable-Frequency Motor Controller: Solid-state control to reduce speed from 100 to 

less than 50 percent. 

2. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted outside 

fan housing, factory wired through an internal aluminum conduit. 

3. Bird Screens: Removable, 1/2-inch (13-mm) mesh, aluminum or brass wire. 

4. Dampers: Counterbalanced, parallel-blade, backdraft dampers mounted in curb base; 

factory set to close when fan stops. 

5. Motorized Dampers: Parallel-blade dampers mounted in curb base with electric actuator; 

wired to close when fan stops. 

6. Mounting Pedestal: Galvanized steel with removable access panel. 

7. Wall Mount Adapter: Attach wall-mounted fan to wall. 

2.5 FANS, PROPELLER - SIDEWALL MOUNTED 

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

following: 

a. Loren Cook Company 

b. PennBarry Fan Co. 

c. Greenheck 

B. Standards: Comply with UL 705. 

C. Housing: Galvanized-steel sheet with flanged edges and integral orifice ring, with baked-enamel 

finish coat applied after assembly. 

D. Fan Wheels: Formed-steel blades riveted to heavy-gauge steel spider bolted to cast-iron hub. 

E. Fan Wheel: Replaceable, cast-aluminum, airfoil blades fastened to cast-aluminum hub; factory 

set pitch angle of blades. 

F. Fan Drive, Direct: Direct-drive motor mounted in airstream, factory wired to disconnect switch 

located on outside of fan housing. 

G. Fan Drive, Belt: 

1. Belt drive. 

2. Resiliently mounted to housing. 

3. Statically and dynamically balanced. 
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4. Selected for continuous operation at maximum-rated fan speed and motor horsepower, 

with final alignment and belt adjustment made after installation. 

5. Extend grease fitting to accessible location outside of unit. 

6. Service Factor Based on Fan Motor Size: 1.4. 

7. Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub. 

8. Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball bearings. 

a. Ball-Bearing Rating Life: ABMA 9, L10 of 100,000 hours. 

9. Pulleys: Cast iron with split, tapered bushing; dynamically balanced at factory. 

10. Motor Pulleys: Adjustable pitch for use with motors through 5 hp; fixed pitch for use 

with larger motors. Select pulley so pitch adjustment is at the middle of adjustment range 

at fan design conditions. 

11. Belts: Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives. 

H. Accessories: 

1. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted inside 

fan housing, factory wired through an internal aluminum conduit. 

2. Dampers: Counterbalanced, parallel-blade, backdraft dampers factory set to close when 

fan stops. 

3. Motorized Dampers: Parallel-blade dampers with electric actuator wired to close when 

fan stops. 

4. Motor-Side Back Guard: Galvanized steel, complying with OSHA specifications, 

removable for maintenance. 

5. Wall Sleeve: Galvanized steel to match fan and accessory size. 

6. Weathershield Hood: Galvanized steel to match fan and accessory size. 

7. Weathershield Front Guard: Galvanized steel with expanded metal screen. 

8. Belt Guard: For motor mounted on outside of fan cabinet. Comply with OSHA and 

fabricate in accordance with SMACNA's "HVAC Duct Construction Standards - Metal 

and Flexible"; 0.146-inch- (2.7-mm-) thick, 3/4-inch (20-mm) diamond-mesh wire 

screen, welded to steel angle frame or equivalent, prime coated. Secure to fan or fan 

supports without short-circuiting vibration isolation. Include provisions for adjustment of 

belt tension, lubrication, and use of tachometer with guard in place. 

2.6 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, and efficiency 

requirements for motors specified in Section 230500 "Common Work Results for HVAC." 

B. Where variable-frequency drives are indicated or scheduled, provide fan motor compatible with 

variable-frequency drive. 

2.7 SOURCE QUALITY CONTROL 

A. AMCA Certification for Fan Sound Performance Rating: Test, rate, and label in 

accordance with AMCA 311. 
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B. AMCA Certification for Fan Aerodynamic Performance Ratings: Test, rate, and label in 

accordance with AMCA 211. 

C. AMCA Certification for Fan Energy Index (FEI): Test, rate, and label in accordance with 

AMCA 211. 

D. Fan Operating Limits: Classify fans in accordance with AMCA 99, Section 14. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Install fans level and plumb. 

B. Disassemble and reassemble units, as required for moving to the final location, in accordance 

with manufacturer's written instructions. 

C. Lift and support units with manufacturer's designated lifting or supporting points. 

D. Equipment Mounting: 

1. Install floor-mounted fans on cast-in-place concrete equipment bases. Comply with 

requirements for equipment bases and foundations specified in Section 033000 "Cast-in-

Place Concrete." 

2. Unit Support: Install fans level on structural curbs. Coordinate with duct connections. 

Coordinate wall penetrations and flashing with wall construction. Secure units to 

structural support with anchor bolts. 

3. Support duct-mounted and other hanging fans directly from the building structure, using 

suitable hanging systems as specified in Section 230529 "Hangers and Supports for 

HVAC Piping and Equipment." 

4. Comply with requirements for vibration isolation devices specified in Section 230548.13 

"Vibration Controls for HVAC." 

E. Curb Support, Prefabricated: Rail-type wood support provided by fan manufacturer. 

F. Unit Support: Install centrifugal fans level on structural curbs. Coordinate with duct 

connections. Coordinate wall penetrations and flashing with wall construction.  Secure 

units to structural support with anchor bolts. 

G. Isolation Curb Support: Install centrifugal fans on isolation curbs, and install flexible duct 

connectors and vibration-isolation devices. 

1. Comply with requirements in Section 230548.13 "Vibration Controls for HVAC." 

H. Install units with adequate clearances for service and maintenance. 

I. Label fans in accordance with requirements specified in Section 230553 "Identification for 

HVAC Piping and Equipment." 
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3.2 DUCTWORK CONNECTIONS 

A. Drawings indicate general arrangement of ducts and duct accessories. Make final duct 

connections with flexible connectors. Flexible connectors are specified in Section 233300 "Air 

Duct Accessories." 

B. Where installing ducts adjacent to fans, allow space for service and maintenance. 

3.3 PIPING CONNECTIONS 

A. Install piping from scroll drain connection, with trap with seal equal to 1.5 times specified static 

pressure, to nearest floor drain with pipe sizes matching the drain connection. 

B. Install heat tracing on all drain piping subject to freezing temperature and as indicated on 

Drawings. Furnish and install heat tracing in accordance with Section 230533 "Heat Tracing for 

HVAC Piping." 

3.4 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance 

with NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and 

circuit number feeding connection. 

1. Nameplate is to be laminated acrylic or melamine plastic signs, as specified in 

Section 260553 "Identification for Electrical Systems." 

2. Nameplate is to be laminated acrylic or melamine plastic signs with a black background 

and engraved white letters at least 1/2 inch (13 mm) high. 

3.5 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." 

3.6 STARTUP SERVICE: 

A. Perform startup service. 
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1. Complete installation and startup checks in accordance with manufacturer's written 

instructions. 

2. Verify that shipping, blocking, and bracing are removed. 

3. Verify that unit is secure on mountings and supporting devices and that connections to 

ducts and electrical components are complete. Verify that proper thermal-overload 

protection is installed in motors, starters, and disconnect switches. 

4. Verify that cleaning and adjusting are complete. 

5. For direct-drive fans, verify proper motor rotation direction and verify fan wheel free 

rotation and smooth bearing operation. 

6. For belt-drive fans, disconnect fan drive from motor, verify proper motor rotation 

direction, and verify fan wheel free rotation and smooth bearing operation. Reconnect fan 

drive system, align and adjust belts, and install belt guards. 

7. Adjust belt tension. 

8. Adjust damper linkages for proper damper operation. 

9. Verify lubrication for bearings and other moving parts. 

10. Verify that manual and automatic volume control and fire and smoke dampers in 

connected ductwork systems are in fully open position. 

11. Disable automatic temperature-control operators, energize motor and confirm proper 

motor rotation and unit operation, adjust fan to indicated rpm, and measure and record 

motor voltage and amperage. 

12. Shut unit down and reconnect automatic temperature-control operators. 

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

3.7 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 

C. Lubricate bearings. 

D. Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC." 

3.8 CLEANING 

A. After completing system installation and testing, adjusting, and balancing and after completing 

startup service, clean fans internally to remove foreign material and construction dirt and dust. 

3.9 FIELD QUALITY CONTROL 

A. Testing Agency: Contractor will engage a qualified testing agency to perform tests and 

inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 

inspect components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 
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1. Fan Operational Test: After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 

2. Test and adjust controls and safeties. 

3. Fans and components will be considered defective if they do not pass tests and 

inspections. 

4. Prepare test and inspection reports. 

3.10 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain HVAC fans. 

END OF SECTION 233400 
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SECTION 233713.13 - AIR DIFFUSERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Ceiling diffusers - rectangular and square face. 

B. Related Requirements: 

1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-control 

dampers not integral to diffusers. 

2. Section 233713.23 "Air Registers and Grilles" for adjustable-bar register and grilles, 

fixed-face registers and grilles, and linear bar grilles. 

1.2 ACTION SUBMITTALS 

A. Product data. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following items 

are shown and coordinated with each other, using input from installers of the items involved: 

1. Ceiling suspension assembly members. 

2. Method of attaching hangers to building structure. 

3. Size and location of initial access modules for acoustical tile. 

4. Ceiling-mounted items, including lighting fixtures, diffusers, grilles, speakers, sprinklers, 

access panels, and special moldings. 

5. Duct access panels. 

B. Source quality-control reports. 

PART 2 - PRODUCTS 

2.1 CEILING DIFFUSERS - SQUARE FACE 

A. Ceiling Diffuser - Square : 

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

the following: 

a. A-J Manufacturing Co., Inc. 

b. Anemostat Air Distribution; Anemostat, Inc.; Mestek, Inc. 
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c. Carnes Company. 

d. Hart & Cooley, LLC. 

e. Kees, Inc. 

f. Krueger-HVAC; brand of Johnson Controls International plc, Global Products. 

g. METALAIRE, Inc. 

h. Price Industries Limited. 

i. Raymon Company. 

j. Shoemaker Mfg. Co. 

k. Titus; brand of Johnson Controls International plc, Global Products. 

l. Tuttle & Bailey; brand of Johnson Controls International plc, Global Products. 

2. Description: Square ceiling diffuser with round or rectangular duct collar and a series of 

curved louvers to provide discharge parallel to ceiling surface. 

3. Source Limitations: Obtain from single source from single manufacturer. 

4. Material: Steel. 

5. Finish: Baked enamel, white. 

6. Face Size: 24 by 24 inches (600 by 600 mm) or 12 by 12 inches (300 by 300 mm). 

7. Face Style: Three cone. 

8. Mounting: Surface, T-bar, or Mounting panel. 

9. Pattern: Adjustable. 

10. Dampers: Radial opposed blade, heavy-gauge, steel control. 

11. Accessories: 

a. Equalizing grid. 

b. Plaster ring. 

c. Safety chain. 

d. Wire guard. 

e. Sectorizing baffles. 

2.2 SOURCE QUALITY CONTROL 

A. Verification of Performance: Rate diffusers in accordance with ASHRAE 70. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF AIR DIFFUSERS 

A. Install diffusers level and plumb. 

B. Ceiling-Mounted Outlets and Inlets: For units installed in lay-in ceiling panels, locate units in 

the center of panel. Where architectural features or other items conflict with installation, notify 

Architect for a determination of final location. 

C. Install diffusers with airtight connections to ducts and to allow service and maintenance of 

dampers, air extractors, and fire dampers. 
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3.2 ADJUSTING 

A. After installation, adjust diffusers to air patterns indicated, or as directed, before starting air 

balancing. 

END OF SECTION 233713.13 
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SECTION 233713.23 - REGISTERS AND GRILLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Grilles - fixed-blade face. 

B. Related Requirements: 

1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-control 

dampers not integral to registers and grilles. 

2. Section 233713.13 "Air Diffusers" for various types of air diffusers. 

1.2 ACTION SUBMITTALS 

A. Product data. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following items 

are shown and coordinated with each other, using input from installers of the items involved: 

1. Ceiling suspension assembly members. 

2. Method of attaching hangers to building structure. 

3. Size and location of initial access modules for acoustical tile. 

4. Ceiling-mounted items, including lighting fixtures, diffusers, grilles, speakers, sprinklers, 

access panels, and special moldings. 

5. Duct access panels. 

B. Source quality-control reports. 

PART 2 - PRODUCTS 

2.1 GRILLES 

A. Grilles – Fixed-Blade Face, Eggcrate Type (EG- and RG-): 

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

the following: 

a. A-J Manufacturing Co., Inc. 

b. Anemostat Air Distribution; Anemostat, Inc.; Mestek, Inc. 

c. Carnes Company. 
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d. Dayus Register & Grille Inc. 

e. Hart & Cooley, LLC. 

f. Kees, Inc. 

g. Krueger-HVAC; brand of Johnson Controls International plc, Global Products. 

h. METALAIRE, Inc. 

i. Price Industries Limited. 

j. Raymon Company. 

k. Shoemaker Mfg. Co. 

l. Titus; brand of Johnson Controls International plc, Global Products. 

m. Tuttle & Bailey; brand of Johnson Controls International plc, Global Products. 

2. Material: Aluminum. 

3. Finish: Baked enamel, white. 

4. Face-Blade Arrangement: Fixed-face blade position, ½” x ½” x ½” egg-crated aluminum 

grid. 

5. Frame: 1-1/4 inches (32 mm) wide. Heavy extruded aluminum with thickness of 0.040-

0.050 inch.  

6. Mounting: Lay in. 

7. Free Area: Minimum 90%. 

B. Grilles - Fixed-Blade Face, 35 Deg Deflection (TG-): 

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

the following: 

a. A-J Manufacturing Co., Inc. 

b. Anemostat Air Distribution; Anemostat, Inc.; Mestek, Inc. 

c. Carnes Company. 

d. Dayus Register & Grille Inc. 

e. Hart & Cooley, LLC. 

f. Kees, Inc. 

g. Krueger-HVAC; brand of Johnson Controls International plc, Global Products. 

h. METALAIRE, Inc. 

i. Price Industries Limited. 

j. Raymon Company. 

k. Shoemaker Mfg. Co. 

l. Titus; brand of Johnson Controls International plc, Global Products. 

m. Tuttle & Bailey; brand of Johnson Controls International plc, Global Products. 

2. Material: Stainless Steel. 

3. Finish: Baked enamel, white. 

4. Face-Blade Arrangement: Fixed-face blade position, horizontally spaced 3/4 inch (19 

mm) apart, 35 deg blade deflection angle. 

5. Frame: 1-1/4 inches (32 mm) wide. Stainless steel. Countersunk screw holes. 

6. Mounting: As shown on drawings. 

7. Free Area: Minimum 90%. 

8. Damper: Opposed-blade, heavy gauge, steel control. 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

REGISTERS AND GRILLES 233713.23 - 3 

2.2 SOURCE QUALITY CONTROL 

A. Verification of Performance: Rate registers and grilles in accordance with ASHRAE 70. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF REGISTERS AND GRILLES 

A. Install registers and grilles level and plumb. 

B. Outlets and Inlets Locations: Drawings indicate general arrangement of ducts, fittings, and 

accessories. Air outlet and inlet locations have been indicated to achieve design requirements 

for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make final locations 

where indicated. For units installed in lay-in ceiling panels, locate units in the center of panel. 

Where architectural features or other items conflict with installation, notify Architect for a 

determination of final location. 

C. Install registers and grilles with airtight connections to ducts and to allow service and 

maintenance of dampers, air extractors, and fire dampers. 

3.2 ADJUSTING 

A. After installation, adjust registers and grilles to air patterns indicated, or as directed, before 

starting air balancing. 

END OF SECTION 233713.23 
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SECTION 235113.11 - DRAFT CONTROL FANS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Draft inducer fans. 

B. Related Requirements: 

1. Section 235113.16 "Vent Dampers" for barometric dampers and vent dampers. 

2. Section 235123 "Gas Vents" for Type B and BW vents, Type L vents, and listed special 

gas vents. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For each type of product. 

1. Include plans, elevations, sections, and attachment details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Detail fabrication and assembly of hangers and seismic restraints. 

4. Include diagrams for power, signal, and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Sample Warranty: For special warranty. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of draft inducer fans  

that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Two years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 DRAFT INDUCER FANS 

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

following: 

1. Barry Blower 

2. Buffalo Forge 

3. Combustion Equipment 

4. Tjernlund Products, Inc. 

5. Wing Draft Inducers. 

B. Fan Construction: Galvanized-steel housing and radial-blade centrifugal fan. 

1. Fan Motor: Permanent-split-capacitor type. 

2. Counter clockwise fan rotation with bottom horizontal discharge.  

C. Controls: 

1. Draft-proving switch. 

2. Control kit to cycle fan with gas flow to a single burner. 

3. Universal interlock electrical burner circuit interlock. 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

2.2 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, and efficiency 

requirements for motors specified in Section 230500 "Common Work Results for HVAC." 

B. Provide open drop-proof type motor. 

2.3 CAPACITIES AND CHARACTERISTICS 

A. Refer to mechanical drawings. 

B. Verify that the fan will be suitable for the application which it is used.  

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install listed components in a manner complying with the listing. 

B. Install draft inducer fans in single-wall vent section that is designed to couple with other vent 

materials. 

C. Secure draft inducer fans to appliances, breechings, or stacks with hardware compatible with 

connected materials. 

D. Install draft inducer fans with clearances for service and maintenance. 
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E. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

F. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

END OF SECTION 235113.11 
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SECTION 235113.16 - VENT DAMPERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Barometric dampers. 

2. Vent dampers. 

B. Related Requirements: 

1. Section 235113.11 "Draft Control Fans" for draft inducer fans, venturi-draft inducer fans, 

mechanical-draft vent fans, vent exhaust fans, and combustion-air fans. 

2. Section 235123 "Gas Vents" for Type B and BW vents, Type L vents, and listed special 

gas vents. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For each type of product. 

1. Include plans, elevations, sections, and attachment details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Detail fabrication and assembly of hangers and seismic restraints. 

4. Include diagrams for power, signal, and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Sample Warranty: For special warranty. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of barometric 

dampers and vent dampers that fail in materials or workmanship within specified warranty 

period. 
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1. Warranty Period: Two years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 BAROMETRIC DAMPERS 

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

following: 

1. ENERVEX Inc. 

2. Effikal International Inc. 

3. FAMCO. 

4. Field Controls L.L.C. 

5. Quickdraft. 

6. Snappy Air Distribution Products. 

7. Tec-Air Inc. 

8. Tjernlund Products, Inc. 

B. Damper Construction: High-temperature-enamel-painted steel damper and housing with 

galvanized-steel breeching connection. Adjustable counterweight with lock. Include knife-edge 

bearings that do not require lubrication. 

2.2 VENT DAMPERS 

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

following: 

1. Effikal International Inc. 

2. Field Controls L.L.C. 

3. Johnson Controls, Inc. 

B. Damper Construction: Stainless steel damper blade, shaft, and vent pipe with metal, 

prelubricated bearings. 

1. Electric motor sized to power damper open and closed in approximately 15 seconds in 

each direction. Power is off when damper is at rest. 

2. Comply with ANSI Z21.66. 

C. Controls: 

1. Control transformer. 

2. Keyed wiring harness. 

3. Damper end switch to prove damper is open. 

4. Interlock with boiler to permit burner operation when damper is open. 

5. Hold-open switch for troubleshooting boiler controls. 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

VENT DAMPERS 235113.16 - 3 

2.3 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, and efficiency 

requirements for motors specified in Section 230500 "Common Work Results for HVAC." 

2.4 CAPACITIES AND CHARACTERISTICS 

A. Damper: 

1. Refer to mechanical drawings. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install listed components in a manner complying with the listing. 

B. Secure barometric dampers to breechings with hardware compatible with connected materials. 

C. Locate barometric and motorized vent dampers as close to draft hood collar as possible. 

D. Secure barometric and motorized vent dampers to appliances, breechings, or chimneys with 

hardware compatible with connected materials. 

E. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

F. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

END OF SECTION 235113.16 
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SECTION 235116 - FABRICATED BREECHINGS AND ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Field-fabricated metal breechings. 

2. Guying and bracing materials. 

B. Related Requirements: 

1. Section 235113.11 "Draft Control Fans" for draft inducer fans, venturi-draft inducer fans, 

mechanical-draft vent fans, vent exhaust fans, and combustion-air fans. 

2. Section 235113.16 "Vent Dampers" for motorized and barometric dampers. 

3. Section 235123 "Gas Vents" for Type B and BW vents, Type L vents, and listed special 

gas vents. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For breechings. 

1. Include plans, elevations, sections, and attachment details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Detail fabrication and assembly of hangers and seismic restraints. 

1.3 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Sample Warranty: For special warranty. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 

2. AWS D9.1/D9.1M, "Sheet Metal Welding Code," for shop and field welding of joints 

and seams in breechings. 

B. Certified Sizing Calculations: Manufacturer shall certify venting system sizing calculations. 
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PART 2 - PRODUCTS 

2.1 FIELD-FABRICATED METAL BREECHINGS 

A. Fabricate breechings from ASTM A1011/A1011M hot-rolled steel with continuously welded 

joints, complying with NFPA 211 for minimum metal thickness. 

1. Equal to or Less Than 1.069 Sq. Ft. (0.099 Sq. m.) or 14 Inches (356 mm) in Diameter: 

0.053 inch (1.35 mm). 

2. Up to 1.396 Sq. Ft. (0.129 Sq. m) or 16 Inches (406 mm) in Diameter: 0.067 inch (1.7 

mm). 

3. Up to 1.764 Sq. Ft. (0.164 Sq. m.) or 18 Inches (457 mm) in Diameter: 0.093 inch (2.36 

mm). 

4. Larger Than 1.764 Sq. Ft. (0.164 Sq. m.) or 18 Inches (457 mm) in Diameter: 0.123 inch 

(3.12 mm). 

B. Fabricate cleanout doors from compatible material, same thickness as breeching, bolted and 

gasketed. 

2.2 GUYING AND BRACING MATERIALS 

A. Cable: Four galvanized, stranded wires of the following thickness: 

1. Minimum Size: 1/4 inch (6 mm) in diameter. 

2. For ID Sizes 4 to 15 Inches (100 to 381 mm): 5/16 inch (8 mm). 

3. For ID Sizes 18 to 24 Inches (457 to 610 mm): 3/8 inch (9.5 mm). 

4. For ID Sizes 27 to 30 Inches (685 to 762 mm): 7/16 inch (11 mm). 

5. For ID Sizes 33 to 36 Inches (838 to 915 mm): 1/2 inch (13 mm). 

6. For ID Sizes 39 to 48 Inches (990 to 1220 mm): 9/16 inch (14.3 mm). 

7. For ID Sizes 51 to 60 Inches (1295 to 1524 mm): 5/8 inch (16 mm). 

B. Pipe: Three galvanized steel, NPS 1-1/4 (DN 32). 

C. Angle Iron: Three galvanized steel, 2 by 2 by 0.25 inch (50 by 50 by 6 mm). 

PART 3 - EXECUTION 

3.1 INSTALLATION OF UNLISTED, FIELD-FABRICATED BREECHINGS 

A. Install breechings on dual-fuel boilers, oven vents, water heaters, fireplaces, and other solid-

fuel-burning appliances. 

B. Suspend breechings independent of their appliance connections. 

C. Align breechings at connections, with smooth internal surface and a maximum 1/8-inch (3-mm) 

misalignment tolerance. 
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D. Slope breechings down in direction of appliance, with condensate drain connection at lowest 

point piped to nearest drain. 

E. Lap joints in direction of flow. 

F. Support breechings from building structure with bolts, concrete inserts, steel expansion anchors, 

welded studs, C clamps, or beam clamps. 

G. Clean breechings internally, during and after installation, to remove dust and debris. Clean 

external surfaces to remove welding slag and mill film. Grind welds smooth and apply touchup 

finish to match factory or shop finish. 

H. After completing system installation, remove burrs, dirt, and construction debris, and repair 

damaged finishes. 

I. Provide temporary closures at ends of breechings that are not completed or connected to 

equipment. 

END OF SECTION 235116 
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SECTION 235123 - GAS VENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Listed double-wall vents. 

B. Related Requirements: 

1. Section 235113.11 "Draft Control Fans" for draft inducer fans, venturi-draft inducer fans, 

mechanical-draft vent fans, vent exhaust fans, and combustion-air fans. 

2. Section 235113.16 "Vent Dampers" for motorized and barometric dampers. 

3. Section 235116 "Fabricated Breechings and Accessories" for listed, refractory-lined 

metal breechings and field-fabricated metal breechings. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For vents. 

1. Include plans, elevations, sections, and attachment details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Detail fabrication and assembly of hangers and seismic restraints. 

1.3 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Sample Warranty: For special warranty. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 

2. AWS D9.1/D9.1M, "Sheet Metal Welding Code," for shop and field welding of joints 

and seams in vents. 

B. Certified Sizing Calculations: Manufacturer shall certify venting system sizing calculations. 
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PART 2 - PRODUCTS 

2.1 LISTED TYPE B (FOR PRESSURE WASHER AND INFRARED RADIANT HEATERS) 

AND BW VENTS  

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

following: 

1. Amerivent 

2. AMPCO 

3. DuraVent. 

4. Metal-Fab, Inc. 

5. Schebler Co. 

6. Van-Packer 

B. Description: Double-wall metal vents tested according to UL 441 and rated for 480 deg F (248 

deg C) continuously for Type B or 550 deg F (288 deg C) continuously for Type BW; with 

neutral or negative flue pressure complying with NFPA 211. 

C. Construction: Inner shell and outer jacket separated by at least a 1/4-inch (6-mm) airspace. 

D. Inner Shell: ASTM B209 (ASTM B209M), Type 3105 aluminum. 

E. Outer Jacket: Galvanized steel. 

F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof 

flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated 

from similar materials and designs as vent-pipe straight sections; all listed for same assembly. 

1. Termination: Stack cap designed to exclude minimum 90 percent of rainfall. 

2. Termination: Round chimney top designed to exclude minimum 98 percent of rainfall. 

3. Termination: Exit cone with drain section incorporated into riser. 

4. Termination: Antibackdraft. 

2.2 LISTED TYPE L VENTS 

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

following: 

1. Amerivent 

2. AMPCO 

3. DuraVent. 

4. Metal-Fab, Inc. 

5. Schebler Co. 

6. Van-Packer 

B. Description: Double-wall metal vents tested according to UL 641 and rated for 570 deg F (300 

deg C) continuously or 1700 deg F (926 deg C) for 10 minutes; with neutral or negative flue 

pressure complying with NFPA 211. 
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C. Construction: Inner shell and outer jacket separated by at least a 1/4-inch (6-mm) airspace filled 

with high-temperature, mineral-wool insulation. 

D. Inner Shell: ASTM A666, Type 304 stainless steel. 

E. Outer Jacket: Galvanized steel. 

F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof 

flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated 

from similar materials and designs as vent-pipe straight sections; all listed for same assembly. 

1. Termination: Stack cap designed to exclude 90 percent of rainfall. 

2. Termination: Round chimney top designed to exclude 98 percent of rainfall. 

3. Termination: Exit cone with drain section incorporated into riser. 

2.3 LISTED SPECIAL GAS VENTS 

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

following: 

1. Amerivent 

2. AMPCO 

3. DuraVent. 

4. Metal-Fab, Inc. 

5. Schebler Co. 

6. Van-Packer 

 

B. Description: Double-wall metal vents tested according to UL 1738 and rated for 480 deg F (248 

deg C) continuously, with positive or negative flue pressure complying with NFPA 211. 

C. Construction: Inner shell and outer jacket separated by at least a 1/2-inch (13-mm) airspace. 

D. Inner Shell: ASTM A959, Type 29-4C stainless steel. 

E. Outer Jacket: Aluminized steel. 

F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof 

flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated 

from similar materials and designs as vent-pipe straight sections; all listed for same assembly. 

1. Termination: Stack cap designed to exclude minimum 90 percent of rainfall. 

2. Termination: Round chimney top designed to exclude minimum 98 percent of rainfall. 

3. Termination: Exit cone with drain section incorporated into riser. 

2.4 PVC VENTS (FURNACES) 

A. Schedule 40 PVC, 5 inch, as recommended by the manufacturer. Pitch all horizontal runs 

upward from equipment at a minimum of 1/4 inch per foot. 
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PART 3 - EXECUTION 

3.1 APPLICATION 

A. Listed Type B and BW Vents: Vents for certified gas appliances. 

B. Listed Type L Vent: Vents for low-heat appliances. 

C. Listed Special Gas Vent: Condensing gas appliances. 

3.2 INSTALLATION OF LISTED VENTS 

A. Comply with minimum clearances from combustibles and minimum termination heights 

according to product listing or NFPA 211, whichever is most stringent. 

B. Seal between sections of positive-pressure vents according to manufacturer's written installation 

instructions, using sealants recommended by manufacturer. 

C. Support vents at intervals recommended by manufacturer to support weight of vents and all 

accessories, without exceeding appliance loading. 

D. Lap joints in direction of flow. 

E. After completing system installation, including outlet fittings and devices, inspect exposed 

finish. Remove burrs, dirt, and construction debris, and repair damaged finishes. 

END OF SECTION 235123 
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SECTION 235416.13 - GAS-FIRED FURNACES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Gas-fired furnaces, condensing. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

2. Include diagrams for power, signal, and control wiring. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.4 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace the following components of 

furnaces that fail in materials or workmanship within specified warranty period: 

1. Warranty Period, Commencing on Date of Substantial Completion: 

a. Furnace Heat Exchanger: 10 years. 

b. Integrated Ignition and Blower Control Circuit Board: Five years. 

c. Draft-Inducer Motor: Five years. 

d. <Insert components requiring extended warranty>. 

PART 2 - PRODUCTS 

2.1 ASSEMBLY DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

Article 100, by a qualified testing agency, and marked for intended location and application. 
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B. General Requirements for Noncondensing Gas-Fired Furnaces: Factory assembled, piped, 

wired, and tested; complying with ANSI Z21.47/CSA 2.3 and NFPA 54. 

2.2 GAS-FIRED FURNACES, CONDENSING 

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

following: 

1. Bryant; Carrier Global Corporation. 

2. Carrier Global Corporation. 

3. Lennox. 

4. Trane. 

B. Cabinet: Steel or Galvanized steel 

1. Cabinet interior around heat exchanger shall be factory-installed insulation. 

2. Lift-out panels shall expose burners and all other items requiring access for maintenance. 

3. Factory paint external cabinets in manufacturer's standard color. 

4. Airstream Surfaces: Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 

C. Fan: Centrifugal, factory balanced, resilient mounted, direct drive. 

1. Fan Motors: Comply with requirements in Section 230500 "Common Work Results for 

HVAC." 

2. Special Motor Features, Single Speed: Single speed, premium efficiency, as defined in 

Section 230500 "Common Work Results for HVAC," and with internal thermal 

protection and permanent lubrication. 

3. Special Motor Features, Multispeed: Multitapped, multispeed with internal thermal 

protection and permanent lubrication. 

4. Special Motor Features, ECM: Electronically controlled motor (ECM) controlled by 

integrated furnace/blower control. 

D. Type of Gas: Natural. 

E. Heat Exchanger: 

1. Primary: Aluminized steel. 

2. Secondary: Stainless steel. 

F. Burner: 

1. Gas Valve: 100 percent safety two-stage main gas valve, main shutoff valve, pressure 

regulator, safety pilot with electronic flame sensor, limit control, transformer, and 

combination ignition/fan timer control board. 

2. Ignition: Electric pilot ignition, with hot-surface igniter or electric spark ignition. 

G. Gas-Burner Safety Controls: 

1. Electronic Flame Sensor: Prevents gas valve from opening until pilot flame is proven; 

stops gas flow on ignition failure. 
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2. Flame Rollout Switch: Installed on burner box; prevents burner operation. 

3. Limit Control: Fixed stop at maximum permissible setting; de-energizes burner on 

excessive bonnet temperature; automatic reset. 

H. Combustion-Air Inducer: Centrifugal fan with thermally protected motor and sleeve bearings 

prepurges heat exchanger and vents combustion products; pressure switch prevents furnace 

operation if combustion-air inlet or flue outlet is blocked. 

I. Furnace Controls: Solid-state board integrates ignition, heat, cooling, and fan speeds; adjustable 

fan-on and fan-off timing; terminals for connection to accessories. 

J. Accessories: 

1. Combination Combustion-Air Intake and Vent: PVC plastic fitting to combine 

combustion-air inlet and vent through outside wall or roof. 

2. CPVC Plastic Vent Materials: 

a. CPVC Plastic Pipe: Schedule 40, complying with ASTM F441/F441M. 

b. CPVC Plastic Fittings: Schedule 40, complying with ASTM F438, socket type. 

c. CPVC Solvent Cement: ASTM F493. 

3. PVC Plastic Vent Materials: 

a. PVC Plastic Pipe: Schedule 40, complying with ASTM D1785. 

b. PVC Plastic Fittings: Schedule 40, complying with ASTM D2466, socket type. 

c. PVC Solvent Cement: ASTM D2564. 

K. Capacities and Characteristics: 

1. Refer to mechanical schedules on drawings. 

2.3 THERMOSTATS AND HUMIDISTATS 

A. Controls shall comply with requirements in ASHRAE/IES 90.1, Section 6 - "Heating, 

Ventilating, and Air Conditioning." 

B. Solid-State Thermostat: Wall-mounted, programmable, microprocessor-based unit with 

automatic switching from heating to cooling, preferential rate control, seven-day 

programmability with minimum of four temperature presets per day, and battery backup 

protection against power failure for program settings. 

C. Single-Stage, Heating-Cooling Thermostat: Adjustable, heating-cooling, wall-mounted unit 

with fan on-automatic selector. 

D. Two-Stage, Heating-Cooling Thermostat: Adjustable, heating-cooling, wall-mounted unit with 

fan on-automatic selector. 

E. Control Wiring: Balanced twisted-pair cabling complying with requirements for Category 5e in 

Section 260523 "Control-Voltage Electrical Power Cables." 



Burgess & Niple / KZF Design JV 
Issued For: Construction Documents Submission 

OFCC/ODOT - District 8 - Preble FSMF 
West Alexandria, Ohio 

 

GAS-FIRED FURNACES 235416.13 - 4 

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

following: 

a. AMP NETCONNECT; a TE Connectivity Ltd. company. 

b. Belden Inc. 

c. Berk-Tek, a Leviton Company. 

d. CommScope, Inc. 

e. General Cable; Prysmian Group North America. 

f. Hitachi Cable America Inc. 

g. Mohawk; a division of Belden Networking, Inc. 

h. West Penn Wire; brand of Belden, Inc. 

2. Description: Shielded twisted pairs (FTP) , No. 24 AWG, 100 ohms, four pair. 

3. Cable Jacket Color: Blue. 

2.4 AIR FILTERS 

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

following: 

1. Aprilaire; Research Products Corp. 

2. Filtrete Home Filtration Products; a 3M brand. 

3. General Filters, Inc. 

4. Permatron Corporation. 

B. Disposable Filters: 1-inch- (25-mm-)thick fiberglass media  with ASHRAE 52.2 MERV 

rating of 8 or higher, in sheet metal frame. 

C. Charged Media Air Filters: Sheet metal housing arranged to be ducted in return-air duct 

connection to furnace; generates electrostatic charge; MERV 10 rating. 

D. HEPA Air Filter Units: Sheet metal housing with fan arranged to be ducted to return-air duct 

connection to furnace, with activated carbon prefilter, and high-efficiency particulate air 

(HEPA) disposable filter. HEPA shall be as follows: 

1. Standard: UL 586. 

2. Rating: ASHRAE 52.2, 99.97 percent efficiency to 0.30-micrometer particle size. 

2.5 HUMIDIFIERS 

A. Minimum capacity rating indicated according to AHRI 610. 

B. Media-wheel bypass type with bypass damper and motor-driven media wheel in reservoir with 

float-valve level control; arranged for mounting on return duct or plenum with bypass 

connection to supply duct. 

C. Wetted-pad, continuous-drain, bypass type with bypass damper and water-flow control orifice; 

arranged for mounting on return duct or plenum with bypass connection to supply duct. 
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D. Fan-powered, wetted-pad, continuous-drain type with water-flow control orifice and motor; 

arranged for mounting on duct or plenum. 

E. Pumped, fan-powered, wetted-pad type with reservoir-level control and pump and fan motors; 

arranged for mounting on duct or plenum. 

F. Comply with applicable requirements in ASHRAE 62.1. 

G. Capacities and Characteristics: 

1. Refer to mechanical schedules on drawings. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install gas-fired furnaces and associated fuel and vent features and systems according to 

NFPA 54. 

B. Suspended Units: Suspend from structure using threaded rods, spring hangers, and building 

attachments. Secure rods to unit hanger attachments. Adjust hangers so unit is level and plumb. 

C. Base-Mounted Units: Secure units to substrate. Provide optional bottom closure base if required 

by installation conditions. 

D. Controls: Install thermostats and humidistats at mounting height of 60 inches (1500 mm) above 

floor. 

E. Wiring Method: Install control wiring in accessible ceiling spaces and in gypsum board 

partitions where unenclosed wiring method may be used. Conceal control wiring except in 

unfinished spaces. 

3.2 PIPING CONNECTIONS 

A. Gas piping installation requirements are specified in Section 221124 "Facility Natural-Gas 

Piping." Drawings indicate general arrangement of piping, fittings, and specialties. Connect gas 

piping with union or flange and appliance connector valve. 

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

C. Water piping installation requirements are specified in Section 221116 "Domestic Water 

Piping." Drawings indicate general arrangement of piping, fittings, and specialties. Connect 

water piping with union and ball valve. 

D. Vent Connection, Noncondensing, Gas-Fired Furnaces: Connect Type B vents to furnace vent 

connection and extend outdoors. Type B vents and their installation requirements are specified 

in Section 235123 "Gas Vents." 
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E. Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces: Connect plastic piping 

vent material to furnace connections and extend outdoors. Terminate vent outdoors with a cap 

and in an arrangement that will protect against entry of birds, insects, and dirt. 

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

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

assembly. 

3. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and 

fittings according to the following: 

a. Comply with ASTM F402 for safe-handling practice of cleaners, primers, and 

solvent cements. 

b. CPVC Piping: Join according to ASTM D2846/D2846M, Appendix. 

c. PVC Pressure Piping: Join schedule number ASTM D1785PVC pipe and PVC 

socket fittings according to ASTM D2672. Join other-than-schedule-number PVC 

pipe and socket fittings according to ASTM D2855. 

4. Slope pipe vent back to furnace or to outside terminal. 

3.3 DUCTWORK CONNECTIONS 

A. Connect ducts to furnace with flexible connector. Comply with requirements in Section 233300 

"Air Duct Accessories." 

3.4 ELECTRICAL CONNECTIONS 

A. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, according to 

NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and 

circuit number feeding connection. 

1. Nameplate shall be laminated acrylic or melamine plastic signs, as specified in 

Section 260553 "Identification for Electrical Systems." 

2. Nameplate shall be laminated acrylic or melamine plastic signs with a black background 

and engraved white letters at least 1/2 inch (13 mm) high. 

3.5 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 
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B. Connect control wiring according to Section 260523 "Control-Voltage Electrical Power 

Cables." 

3.6 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Perform electrical test and visual and mechanical inspection. 

2. Leak Test: After installation, charge systems with refrigerant and test for leaks. Repair 

leaks, replace lost refrigerant, and retest until no leaks exist. 

3. Operational Test: After electrical circuitry has been energized, start units to confirm 

proper operation, product capability, and compliance with requirements. 

4. Verify that fan wheel is rotating in the correct direction and is not vibrating or binding. 

5. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 

B. Verify that vibration isolation and flexible connections properly dampen vibration transmission 

to structure. 

END OF SECTION 235416.13 
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SECTION 235523.13 - LOW-INTENSITY, GAS-FIRED, RADIANT HEATERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Forced-draft heaters. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, electrical characteristics, and furnished 

specialties and accessories. 

B. Shop Drawings: 

1. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

2. Include diagrams for power, signal, and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 WARRANTY 

A. Manufacturer's Special Warranty: Manufacturer agrees to repair or replace components of 

radiant heaters that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: All warranty periods listed below are from date of Substantial 

Completion. 

a. Burner Assembly: 10 years. 

b. Combustion and Emitter Tubes: 10 years. 

c. Heater Controls: Two year(s). 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. CSA certified, with CSA Seal and certification number clearly visible on units indicating 

compliance with ANSI Z83.20/CSA 2.34. 

B. UL listed and labeled, with UL label clearly visible on units indicating compliance with 

ANSI Z83.20/CSA 2.34. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

2.2 FORCED-DRAFT HEATERS 

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

following: 

1. Detroit Radiant Products Company. 

2. Reznor 

3. Roberts-Gordon, Inc. 

4. Solaronics, Inc. 

B. Description: Factory-assembled, indoor, overhead-mounted, electrically controlled, low-

intensity, infrared radiant heating units using gas combustion. Heater to have all necessary 

factory-installed wiring and piping required prior to field installation and startup. 

C. Fuel Type: Design burner for natural gas having characteristics same as those of gas available 

at Project site. 

D. Burner Assembly: 

1. Combustion-Air Inlet: 

a. Non-ducted, unvented. 

b. Ducted horizontal to outdoors through sidewall with vent caps. 

2. Ignition System: Direct spark with flame rod sensing capabilities and self-diagnostic 

control module. 

E. Combustion Chamber: 4-inch- (100-mm-) diameter, 16-gage, heat treated titanium-coated 

aluminized- steel tubing with high-emissivity, high-temperature, corrosion-resistant external 

finish. 

1. Combustion Tubing to meet MIL 500 hour salt spray test. 

F. Emitter Tube: 4-inch- (100-mm-) diameter, 12-gage, hot-rolled- steel tubing with high-

emissivity, high-temperature, corrosion-resistant external finish. Emitter tubing shall be 

equipped with baffles to maximize heating efficiency. 

1. Tubing Connections: Compression couplings made from aluminized or stainless steel. 
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2. 90-degree-bend emitter steel tubing with high-emissivity, high-temperature, corrosion-

resistant external finish. 

G. Reflector: Polished aluminum or Polished stainless steel, with end caps. Shape to control 

radiation from tubing for uniform intensity at floor level with 100 percent cutoff above 

centerline of tubing. Reflectors or entire heater shall accommodate rotational adjustment from 

horizontal to a minimum 45-degree tilt from vertical. 

1. Reflector geometrically shaped for not less than 91.7% reflectional efficiency. 

H. Capacities and Characteristics: 

1. Refer to mechanical schedules on drawings. 

2.3 CONTROLS AND SAFETIES 

A. Gas Control Valve: Two-stage, regulated redundant 24-V ac gas valve that contains pilot 

solenoid valve, electric gas valve, pilot filter, pressure regulator, pilot shutoff, and manual 

shutoff all in one body. 

B. Failure Safeguards: 100 percent shutoff of gas flow in the event of flame or power failure. 

C. Pre-purge of 30 seconds of air control system prior to burner ignition. 120 seconds of post-

purge to remove products of combustion. 

D. Safety lockout of burner after three consecutive ignition failures. 

E. Blocked Vent Safety: Differential pressure switch in burner safety circuit to stop burner 

operation with high discharge or suction pressure. 

F. Control Panel Interlock: Stops burner if panel is open. 

G. Indicator Lights: "Burner-on" indicator lights. 

H. Thermostat: 

1. Single-stage, wall-mounted type with 50 to 90 deg F (10 to 32 deg C) operating range 

and fan on switch. 

a. Control transformer, integrally mounted. 

2. Two-stage, wall-mounted type with 50 to 90 deg F (10 to 32 deg C) operating range and 

fan on switch. 

a. Control transformer, integrally mounted. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Equipment Installation: Install gas-fired, radiant heaters and associated gas features and systems 

according to NFPA 54. 

B. Suspended Units: Suspend from substrate using rigid hanger kits and building attachments 

or Mount to substrate using manufacturer's rigid mounting kits or custom fabricated 

brackets. 

1. Restrain the unit to resist seismic acceleration. Comply with requirements for seismic-

restraint devices specified in Section 230548.13 "Vibration Controls for HVAC." 

2. Comply with requirements for hangers and supports specified in Section 230529 

"Hangers and Supports for HVAC Piping and Equipment." 

C. Maintain manufacturers' recommended clearances for combustibles. 

D. Gas Piping: Comply with Section 221124 "Facility Natural-Gas Piping." Connect gas piping 

to gas train inlet; provide union with enough clearance for burner removal and service. 

1. Gas Connections: Connect gas piping to radiant heaters according to NFPA 54. 

E. Where installing piping adjacent to gas-fired, radiant heaters, allow space for service and 

maintenance. 

F. Vent Connections: Comply with Section 233113 "Metal Ducts" and with Section 235123 "Gas 

Vents." 

G. Electrical Connections: Comply with applicable requirements in Section 260519 "Low-Voltage 

Electrical Power Conductors and Cables." 

1. Install electrical devices furnished with heaters but not specified to be factory mounted. 

3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 

2. Verify bearing lubrication. 

3. Verify proper motor rotation. 

4. Test Reports: Prepare a written report to record the following: 

a. Test procedures used. 

b. Test results that comply with requirements. 

c. Test results that do not comply with requirements and corrective action taken to 

achieve compliance with requirements. 
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B. Gas-fired, radiant heaters will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.3 ADJUSTING 

A. Adjust initial-temperature set points. 

B. Adjust burner and other unit components for optimum heating performance and efficiency. 

END OF SECTION 235523.13 
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SECTION 236200 - PACKAGED COMPRESSOR AND CONDENSER UNITS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Compressor and condenser units, air cooled, 1 to 5 tons (3.5 to 17.6 kW). 

1.2 ACTION SUBMITTALS 

A. Product Data: For each compressor and condenser unit. 

B. Shop Drawings: For compressor and condenser units. 

C. Delegated Design Submittal: For compressor and condenser units indicated to comply with 

performance requirements and design criteria, including analysis data signed and sealed by 

qualified professional engineer responsible for their preparation. 

1. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments 

to structure and to supported equipment. Include adjustable motor bases, rails, and frames 

for equipment mounting. 

2. Design Calculations: Calculate requirements for selecting vibration isolators and for 

designing vibration isolation bases. 

3. Calculate requirements for selecting vibration isolators and for designing vibration 

isolation bases. 

4. Indicate compliance with "Performance Requirements" Article. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans, or BIM model, drawn to scale, showing the items described in 

this Section, and coordinated with all building trades. 

B. Seismic Qualification Data: Certificates for compressor and condenser units, accessories, and 

components, from manufacturer. 

C. Startup service reports. 

D. Field quality-control reports. 

E. Warranty. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 
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1.5 COORDINATION 

A. Coordinate sizes and locations of concrete bases. Cast anchor-bolt inserts into bases. Concrete, 

reinforcement, and formwork requirements are specified in Section 033000 "Cast-In-Place 

Concrete." 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items 

are specified in Section 077200 "Roof Accessories." 

C. Coordinate installation of steel dunnage and metal work platforms. These items are specified in 

Section 051200 "Structural Steel Framing," and Section 055000 "Metal Fabrications." 

D. Coordinate location of piping and electrical rough-ins. 

1.6 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of compressor and 

condenser units that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: 10 years from date of Substantial Completion. 

2. Warranty Period (Compressor Only): Five years from date of Substantial Completion. 

3. Warranty Period (Components Other Than Compressor): Five years from date of 

Substantial Completion. 

4. Warranty Period (Condenser Coil Only): Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design vibration isolation. 

B. Fabricate and label refrigeration system in accordance with ASHRAE 15 and ASHRAE 34. 

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6, 

"Heating, Ventilating, and Air-Conditioning." 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

2.2 COMPRESSOR AND CONDENSER UNITS, AIR COOLED, 1 TO 5 TONS (3.5 TO 17.6 

kW) 

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

following: 

1. Carrier Global Corporation. 

2. Lennox. 
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3. Trane. 

B. Description: Factory assembled and tested; consisting of compressor, condenser coil, fan, 

motors, refrigerant reservoir, and operating controls. 

C. Compressor Type: Scroll, hermetically sealed, with rubber vibration isolators. 

1. Motor: Variable speed, and includes thermal- and current-sensitive overload devices, 

start capacitor, relay, and contactor. 

2. Two-Speed Compressor: Include manual-reset, high-pressure switch and automatic-reset, 

low-pressure switch. 

3. Accumulator: Suction tube. 

D. Condenser Coil: Seamless copper-tube, aluminum-fin coil; with removable drain pan and brass 

service valves with service ports. 

E. Condenser Fan: Direct-drive, metal propeller fan; with permanently lubricated, totally enclosed 

fan motor with thermal-overload protection . 

F. Accessories: 

1. Crankcase heater. 

2. Cycle Protector: Automatic-reset timer to prevent rapid compressor cycling. 

3. Electronic programmable thermostat to control compressor and condenser unit and 

evaporator fan. 

4. Evaporator Freeze Thermostat: Temperature-actuated switch that stops unit when 

evaporator reaches freezing temperature. 

5. Filter-dryer. 

6. High-Pressure Switch: Automatic-reset switch cycles compressor off on high refrigerant 

pressure. 

7. Liquid-line solenoid. 

8. Low-Ambient Controller. 

9. Low-Pressure Switch: Automatic-reset switch cycles compressor off on low refrigerant 

pressure. 

10. Plastic mounting base. 

11. Precharged and preinsulated suction and liquid tubing. 

12. Sound Hood: Wraps around sound attenuation cover for compressor. 

13. Thermostatic expansion valve for installation at evaporator coil. 

14. Fixed orifice for installation at evaporator coil. 

15. Time-Delay Relay: Continues operation of evaporator fan after compressor shuts off. 

16. Reversing valve. 

G. Unit Casing: Galvanized steel, finished with baked enamel; with removable panels for access 

to controls, weep holes for water drainage, and mounting holes in base. Mount service valves, 

fittings, and gauge ports on exterior of casing. 

H. Capacities and Characteristics: 

1. Refer to mechanical schedules on drawings. 
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2.3 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, enclosure type, and 

efficiency requirements for motors specified in Section 230500 "Common Work Results for 

HVAC." 

1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load 

will not require motor to operate in service factor range above 1.0. 

2.4 SOURCE QUALITY CONTROL 

A. Performance Ratings: Certify capacity performance ratings of compressor and condenser units 

in accordance with AHRI 210/240 and AHRI 340/360. 

B. Sound-Power Level Ratings: Factory test sound-power-level ratings in accordance with 

AHRI 270 and AHRI 370. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 

requirements for installation tolerances and other conditions affecting performance of 

compressor and condenser units. 

B. Examine roughing-in for refrigerant piping systems to verify actual locations of piping 

connections before equipment installation. 

C. Examine walls, floors, and roofs for suitable conditions where compressor and condenser units 

will be installed. 

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

3.2 INSTALLATION 

A. Install units level and plumb, firmly anchored in locations indicated. 

B. Install roof-mounting units on equipment supports specified in Section 077200 "Roof 

Accessories." 

C. Equipment Mounting: 

1. Install compressor and condenser units on cast-in-place concrete equipment bases. 

Comply with requirements for equipment bases and foundations specified in 

Section 033000 "Cast-In-Place Concrete." 

2. Comply with requirements for vibration isolation and seismic-control devices specified in 

Section 230548.13 "Vibration Controls for HVAC." 
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3. Comply with requirements for vibration isolation devices specified in Section 230548.13 

"Vibration Controls for HVAC." 

D. Maintain manufacturer's recommended clearances for service and maintenance. 

E. Loose Components: Install piping specialties, electrical components, devices, and accessories 

that are not factory mounted. 

3.3 PIPING CONNECTIONS 

A. Comply with requirements for piping in Section 232300 “Refrigerant Piping.” Drawings 

indicate general arrangement of piping, fittings, and specialties. 

B. Where installing piping adjacent to equipment, allow space for service and maintenance. 

C. Connect precharged refrigerant tubing to unit's quick-connect fittings. Install tubing so it does 

not interfere with access to unit. Install furnished accessories. 

D. Connect refrigerant piping to air-cooled compressor and condenser units; maintain required 

access to unit. Install furnished field-mounted accessories. Refrigerant piping and specialties are 

specified in Section 232300 "Refrigerant Piping." 

3.4 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance 

with NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and 

circuit number feeding connection. 

1. Nameplate is to be laminated acrylic or melamine plastic signs, as specified in 

Section 260553 "Identification for Electrical Systems." 

2. Nameplate is to be laminated acrylic or melamine plastic signs with a black background 

and engraved white letters at least 1/2 inch (13 mm) high. 

3.5 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power 

Cables." 
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3.6 STARTUP SERVICE 

A. Perform startup service. 

1. Complete installation and startup checks in accordance with manufacturer's written 

instructions and perform the following: 

a. Inspect for physical damage to unit casing. 

b. Verify that access doors move freely and are weathertight. 

c. Clean units and inspect for construction debris. 

d. Verify that all bolts and screws are tight. 

e. Adjust vibration isolation and flexible connections. 

f. Verify that controls are connected and operational. 

B. Start unit in accordance with manufacturer's written instructions and complete manufacturer's 

startup checklist. 

C. Measure and record airflow and air temperature rise over coils. 

D. Verify operation of condenser capacity control device. 

E. Verify that vibration isolation and flexible connections prevent vibration transmission to 

structure. 

3.7 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform the following tests and inspections: 

1. Perform each visual and mechanical inspection and electrical test. Certify compliance 

with test parameters. 

2. Leak Test: After installation, charge system with refrigerant and oil and test for leaks. 

Repair leaks, replace lost refrigerant and oil, and retest until no leaks exist. 

3. Operational Test: After electrical circuitry has been energized, start units to confirm 

proper motor operation and unit operation, product capability, and compliance with 

requirements. 

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 

5. Verify manufacturer's required airflow over coils. 

C. Verify that vibration isolation and flexible connections prevent vibration transmission to 

structure. 

D. Compressor and condenser units will be considered defective if they do not pass tests and 

inspections. 

E. Prepare test and inspection reports. 
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3.8 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain compressor and 

condenser units. 

END OF SECTION 236200 
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SECTION 237339 - INDOOR, DIRECT-FIRED HEATING AND VENTILATING UNITS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Indoor, direct-fired heating and ventilating units. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each indoor, direct, gas-fired heating and ventilating unit. 

B. Shop Drawings: For each indoor, direct, gas-fired heating and ventilating unit. 

1. Include plans, elevations, sections, and mounting details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Detail fabrication and assembly of gas-fired heating and ventilating units, as well as 

procedures and diagrams. 

4. Include diagrams for power, signal, and control wiring. 

C. Delegated Design Submittal: For vibration isolation, supports, indicated to comply with 

performance requirements and design criteria, including analysis data signed and sealed by the 

qualified professional engineer responsible for their preparation. 

1. Include design calculations for selecting vibration isolators and for designing vibration 

isolation bases. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Floor plans and other details, or BIM model, drawn to scale, showing 

the items described in this Section, and coordinated with all building trades. 

B. Sample Warranty: For manufacturer's warranty. 

C. Seismic Qualification Data: Certificates for indoor, direct, gas-fired heating and ventilating 

units, accessories, and components, from manufacturer. 

D. Startup service reports. 

E. Field quality-control reports. 
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1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For direct, gas-fired heating and ventilating units to include in 

emergency, operation, and maintenance manuals. 

1.5 WARRANTY 

A. Warranty: Manufacturer agrees to repair or replace components of direct-fired heating and 

ventilating units that fail in materials or workmanship within specified warranty period. 

1. Warranty Period for Entire Unit: Manufacturer's standard, but not less than one year(s) 

from date of Substantial Completion. 

2. Warranty Period for Heat Exchangers: Manufacturer's standard, but not less than five 

years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

an NRTL, and marked for intended location and application. 

B. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of units 

and components. 

C. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems 

and Equipment" and Section 7 - "Construction and Startup." 

D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6 - 

"Heating, Ventilating, and Air-Conditioning." 

E. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design vibration isolation, supports, including comprehensive 

engineering analysis by a qualified professional engineer, using performance requirements and 

design criteria indicated. 

2.2 CAPACITIES AND CHARACTERISTICS 

 

A. Refer to mechanical schedules on drawings. 

2.3 INDOOR, DIRECT-FIRED HEATING AND VENTILATING UNITS 

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

following: 

1. Aaon 
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2. Carrier 

3. REZNOR, a brand of Nortek Global HVAC. 

4. Rupp Air Management 

5. Rapid Engineering, Inc. 

6. Trane Inc. 

B. Unit Casings: 

1. General Fabrication Requirements for Casings: 

a. Forming: Form walls, roofs, and floors with at least two breaks at each joint. 

b. Casing Joints: Sheet metal screws or pop rivets, factory sealed with water-resistant 

sealant. 

c. Heating and Ventilating Unit Mounting Frame: Formed galvanized-steel channel 

or structural channel supports, designed for low deflection, welded with integral 

lifting lugs. 

2. Configuration: Horizontal unit with horizontal discharge for suspended installation. 

a. Discharge Section, Cowls: Trapezoidal cowls with horizontal louvers. 

b. Discharge Section, Plenum: Plenum with three sides louvered. 

c. Discharge Section, Down-Discharge: Down-discharge plenum insulated with 1-

inch (25-mm), 1.5-lb/cu. ft. (24.0-kg/cu. m) fibrous glass. 

3. Double-Wall Construction: 

a. Outside Casing Wall: Galvanized steel, minimum 18 gauge (1.3 mm) thick, with 

manufacturer's standard finish]. 

b. Inside Casing Wall: 

1) Inside Casing, Burner Section: Galvanized steel, solid, minimum [14-gauge 

(0.759-mm)]  thick steel. 

2) Inside Casing, All Other Sections: Galvanized steel solid steel. 

c. Casing Insulation: 

1) Materials: Glass-fiber blanket or board insulation, Type I or Type II 

ASTM C1071. 

2) Insulation Thickness: 1 inch (25 mm). 

3) Thermal Break: Provide continuity of insulation with no through-casing 

metal in casing walls, floors, or roof of unit. 

d. Airstream Surfaces: Surfaces in contact with airstream are to comply with 

requirements in ASHRAE 62.1. 

4. Inspection and Access Panels and Access Doors: 

a. Panel and Door Fabrication: Formed and reinforced, single- or double-wall and 

insulated panels of same materials and thicknesses as casing. 

b. Inspection and Access Panels: 
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1) Fasteners: Two or more camlock type for panel lift-out operation. 

Arrangement is to allow panels to be opened against air-pressure 

differential. 

2) Gasket: Neoprene, applied around entire perimeters of panel frames. 

3) Size: Large enough to allow inspection and maintenance of air-handling 

unit's internal components. 

c. Access Doors: 

1) Hinges: A minimum of two ball-bearing hinges or stainless steel piano hinge 

and two wedge-lever-type latches, operable from inside and outside. 

Arrange doors to be opened against air-pressure differential. 

2) Gasket: Neoprene, applied around entire perimeters of panel frames. 

3) Size: At least 24 inches (600 mm) wide by full height of unit casing. 

d. Locations and Applications: 

1) Fan Section: Doors. 

2) Access Section: Doors. 

3) Gas-Fired Burner Section: Door]. 

4) Damper Section: Doors. 

5) Filter Section: Doors large enough to allow periodic removal and 

installation of filters. 

6) Mixing Section: Doors. 

C. Fan, Drive, And Motor: 

1. Fan and Drive Assemblies: Statically and dynamically balanced and designed for 

continuous operation at maximum-rated fan speed and motor horsepower. 

2. Fans: Centrifugal, rated in accordance with AMCA 210; galvanized steel; mounted on 

solid-steel shaft. 

a. Shafts: With field-adjustable alignment. 

1) Turned, ground, and polished hot-rolled steel with keyway. 

b. Shaft Bearings: Heavy-duty, self-aligning, permanently lubricated ball bearings 

with an L50 rated life of 100,000 hours in accordance with ABMA 9. 

c. Housings: Formed- and reinforced-steel panels to form curved scroll housings with 

shaped cutoff and spun-metal inlet bell. 

d. Mounting: For internal vibration isolation. Factory-mount fans with manufacturer's 

standard vibration isolation mounting devices having a minimum static deflection 

of 1 inch (25 mm). 

e. Shaft Lubrication Lines: Extended to a location outside the casing. 

f. Flexible Connector: Factory fabricated with a fabric strip minimum 3-1/2 inches 

(89 mm) wide, attached to two strips of minimum 2-3/4-inch- (70-mm-) wide by 

0.028-inch- (0.7-mm-) thick, galvanized-steel sheet. 

1) Flexible Connector Fabric: Glass fabric, double coated with neoprene. 

Fabrics, coatings, and adhesives are to comply with UL 181, Class 1. 
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3. Drive: Factory-mounted V-belt drive, with adjustable alignment and belt tensioning, and 

with 1.5 service factor based on fan motor. 

a. Pulleys: Cast iron or cast steel with split, tapered bushing, dynamically balanced at 

the factory. 

b. Belts: Oil resistant, non-sparking and nonstatic; in matched sets for multiple-belt 

drives. 

c. Belt Guards: Comply with requirements specified by OSHA and fabricate in 

accordance with SMACNA's "HVAC Duct Construction Standards"; 0.146-inch- 

(2.7-mm-)  thick, 3/4-inch (20-mm) diamond-mesh wire screen, welded to steel 

angle frame; prime coated. 

4. Motors: 

a. Comply with NEMA designation, temperature rating, service factor, and efficiency 

requirements for motors specified in Section 230500 "Common Work Results for 

HVAC." 

b. Motor Sizes: Maximum sizes as indicated. If not indicated, large enough so driven 

load will not require motor to operate in service factor range above 1.0. 

c. Enclosure Type: Open, dripproof. 

d. Enclosure Materials: Cast iron. 

e. Efficiency: Premium efficient as defined in NEMA MG 1. 

f. NEMA Design: 2. 

g. Motor Pulleys: Adjustable pitch for use with 5-hp motors and smaller; fixed pitch 

for use with motors larger than 5 hp. Select pulley size so pitch adjustment is at the 

middle of adjustment range at fan design conditions. 

D. Air Filtration: 

1. Particulate air filtration is specified in Section 234100 "Particulate Air Filtration." 

2. Panel Filters: 

a. Description: Pleated factory-fabricated, self-supported, disposable air filters with 

holding frames. 

b. Filter Unit Class: UL 900. 

c. Media: Interlaced glass, synthetic or cotton fibers coated with nonflammable 

adhesive and antimicrobial coating. 

d. Filter-Media Frame: Beverage board with perforated metal retainer, or metal grid, 

on outlet side. 

3. Cleanable Filters: 

a. Cleanable metal mesh. 

4. Adhesive, Sustainability Projects: As recommended by air-filter manufacturer and with a 

VOC content of 80 g/L or less. 

5. Adhesive, LEED for Schools Projects: As recommended by air-filter manufacturer and 

that complies with the testing and product requirements of the California Department of 

Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic 

Chemical Emissions from Indoor Sources Using Environmental Chambers." 
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6. Side-Access Filter Mounting Frames: 

a. Particulate Air Filter Frames: Match inner casing and outer casing material, and 

insulation thickness. Galvanized-steel track. 

1) Sealing: Incorporate positive-sealing device to ensure seal between gasketed 

material on channels to seal top and bottom of filter cartridge frames to 

prevent bypass of unfiltered air. 

E. Dampers: 

1. Comply with requirements in Section 230923.12 "Control Dampers." 

2. Outdoor- and Return-Air Dampers: Low-leakage, double-skin, airfoil-blade, galvanized-

steel dampers with compressible jamb seals and extruded-vinyl blade edge seals in 

opposed-blade arrangement with zinc-plated ]teel operating rods rotating in sintered 

bronze or nylon bearings mounted in a single galvanized-steel frame, and with 

operating rods connected with a common linkage. Leakage rate is not to exceed 4 cfm/sq. 

ft. (20 L/s per sq. m) at 1-inch wg (250 Pa) and 8 cfm/sq. ft. (40 L/s per sq. m) at 4-

inch wg (1.0 MPa), leakage Class 1, tested, rated, and labeled in accordance with 

AMCA 511. 

3. Damper Operators: Comply with requirements in Section 230923.12 "Control Dampers." 

4. Electronic Damper Operators: 

a. Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated 

torque. 

b. Electronic damper position indicator is to have visual scale indicating percent of 

travel and 2- to 10-V dc, feedback signal. 

c. Operator Motors: 

1) Comply with NEMA designation, temperature rating, service factor, 

enclosure type, and efficiency requirements for motors specified in Section 

230500 "Common Work Results for HVAC." 

2) Size to operate with sufficient reserve power to provide smooth modulating 

action or two-position action. 

3) 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. 

d. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m): Size for 

running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf 

(33.9 N x m). 

e. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m): Size for 

running and breakaway torque of 150 in. x lbf (16.9 N x m). 

f. Size dampers for running torque calculated as follows: 

1) Parallel-Blade Damper with Edge Seals: 7 inch-lb/sq. ft. (86.8 kg-cm/sq. m) 

of damper. 

2) Opposed-Blade Damper with Edge Seals: 5 inch-lb/sq. ft. (62 kg-cm/sq. m) 

of damper. 
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3) Parallel-Blade Damper without Edge Seals: 4 inch-lb/sq. ft. (49.6 kg-

cm/sq. m) of damper. 

4) Opposed-Blade Damper without Edge Seals: 3 inch-lb/sq. ft. (37.2 kg-

cm/sq. m) of damper. 

5) Dampers with 2- to 3-Inch wg (500 to 750 Pa) of Pressure Drop or Face 

Velocities of 1000 to 2500 fpm (5 to 13 m/s): Increase running torque by 

1.5. 

6) Dampers with 3- to 4-Inch wg (750 to 1000 Pa) of Pressure Drop or Face 

Velocities of 2500 to 3000 fpm (13 to 15 m/s): Increase running torque by 

2.0. 

g. Coupling: V-bolt and V-shaped, toothed cradle. 

h. Overload Protection: Electronic overload or digital rotation-sensing circuitry. 

i. Fail-Safe Operation: Mechanical, spring-return mechanism with external, manual 

gear release on nonspring-return actuators. 

F. Direct-Fired Gas Burner: 

1. Description: Factory assembled, piped, and wired; complying with ANSI Z21.47 and 

NFPA 54 

2. CSA Approval: Designed and certified by and bearing label of CSA. 

3. Burners: Aluminized steel with stainless steel inserts. 

a. Rated Minimum Turndown Ratio: as indicated on drawings. 

b. Fuel: Natural gas. 

c. Ignition: Electronically controlled electric spark with flame sensor. 

d. Gas Control Valve: Modulating. 

e. Gas Train: Regulated, redundant, 24-V ac gas valve assembly containing pilot 

solenoid valve, electronic-modulating temperature control valve, pilot filter, 

pressure regulator, pilot shutoff, and manual shutoff all in one body. 

f. High-Altitude Model Kit: For Project elevations more than 2000 feet (610 m) 

above sea level. 

4. Heat-Exchanger and Drain Pan: Stainless steel. 

5. Safety Controls: 

a. Gas Manifold: Safety switches and controls complying with ANSI standards and 

FM Global. 

b. Vent Flow Verification: Differential pressure switch to verify open vent. 

c. High Limit: Thermal switch or fuse to stop burner. 

d. Purge-period timer is to automatically delay burner ignition and bypass low-limit 

control. 

e. Airflow Proving Switch: Differential pressure switch senses correct airflow before 

energizing pilot. 

f. Automatic-Reset, High-Limit Control Device: Stops burner and closes main gas 

valve if high-limit temperature is exceeded. 

g. Safety Lockout Switch: Locks out ignition sequence if burner fails to light after 

three tries. Controls are reset manually by turning the unit off and on. 

h. Control Transformer: 24 V ac. 

G. Unit Control Panel: 
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1. Factory-wired, fuse-protected control transformer, connection for power supply and field-

wired unit to remote control panel. 

2. Control Panel: Surface-mounted remote panel, with engraved plastic cover and the 

following lights and switches: 

a. On-off-auto fan switch. 

b. Heat-vent-off switch. 

c. Supply-fan operation indicating light. 

d. Heating operation indicating light. 

e. Thermostat. 

f. Damper position potentiometer. 

g. Dirty-filter indicating light operated by unit-mounted differential pressure switch. 

h. Safety-lockout indicating light. 

i. Enclosure: NEMA 250, Type 2 

H. Controls: 

1. Comply with requirements in Section 230923 "Direct Digital Control (DDC) System for 

HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC" for control 

equipment and sequence of operation. 

2. Control Devices: 

a. Remote Thermostat: Adjustable room thermostat with temperature readout. 

b. Remote Setback Thermostat: Adjustable room thermostat without temperature 

readout. 

c. Static-Pressure Transmitter: Nondirectional sensor with suitable range for expected 

input, and temperature compensated. 

d. Fire-Protection Thermostats: Fixed or adjustable settings to operate at not less than 

75 deg F (24 deg C) above normal maximum operating temperature. 

e. Timers, Seven Day: 

1) Programming-switch timer with synchronous-timing motor and seven-day 

dial. 

2) Continuously charged, nickel-cadmium-battery-driven, eight-hour, power-

failure carryover. 

3) Multiple-switch trippers. 

4) Minimum of two and maximum of eight signals per day with two normally 

open and two normally closed output contacts. 

3. Fan Control, Interlocked: Fan to start automatically with exhaust fan(s) to which this 

heating and ventilating unit is associated for makeup air. 

4. Outdoor-Air Damper Control, 100 Percent Outdoor-Air Units: Outdoor-air damper is to 

open when supply fan starts, and close when fan stops. 

5. Temperature Control: 

a. Operates gas valve to maintain discharge-air temperature with factory-mounted 

sensor in blower outlet. 

b. Burner Control: Two or four steps of control using one or two burner sections in 

series. 

c. Hardwired Points: 
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1) Room temperature. 

2) Discharge-air temperature. 

3) Burner operating. 

2.4 SOURCE QUALITY CONTROL 

A. AMCA Certification for Fan Sound Performance Rating: Test, rate, and label in 

accordance with AMCA 311. 

B. Fan Sound Performance Rating: Factory test and rate fan sound performance rating in 

accordance with AMCA 300/301. 

C. Fan Operating Limits: Classify fans in accordance with AMCA 99, Section 14. 

2.5 MATERIALS 

A. Steel: 

1. ASTM A36/A36M for carbon structural steel. 

2. ASTM A568/A568M for steel sheet. 

B. Stainless Steel: 

1. Manufacturer's standard grade for casing. 

2. Manufacturer's standard type, ASTM A240/A240M for bare steel exposed to airstream or 

moisture. 

C. Galvanized Steel: ASTM A653/A653M. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Examine roughing-in for piping, ducts, and electrical systems to verify actual locations of 

connections before equipment installation. 

B. Equipment Mounting: 

1. Install heating and ventilating units on cast-in-place concrete equipment bases. 

Coordinate sizes and locations of concrete bases with actual equipment provided. Comply 

with requirements for equipment bases and foundations specified in Section 033000 

"Cast-in-Place Concrete." 

2. Comply with requirements for vibration isolation devices specified in Section 230548.13 

"Vibration Controls for HVAC." 

C. Suspended Units: Suspend and brace units from structural-steel support frame using threaded 

steel rods and spring hangers. Coordinate sizes and locations of structural-steel support 
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members with actual equipment provided. Comply with requirements for vibration isolation 

devices specified in Section 230548.13 "Vibration Controls for HVAC." 

D. Install gas-fired units in accordance with NFPA 54, "National Fuel Gas Code." 

E. Install controls and equipment shipped by manufacturer for field installation with direct, gas-

fired heating and ventilating units. 

F. Install seismic restraints in accordance with manufacturer's written instructions. 

3.2 PIPING CONNECTIONS 

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

1. Gas Piping: Comply with requirements in Section 221124 "Facility Natural-Gas 

Piping." Connect gas piping with shutoff valve and union, and with sufficient clearance 

for burner removal and service. Make final connections of gas piping to unit with 

corrugated, stainless steel tubing flexible connectors complying with 

ANSI LC 1/CSA 6.26 equipment connections. 

B. Where installing piping adjacent to heating and ventilating units, allow space for service and 

maintenance. 

3.3 DUCTWORK CONNECTIONS 

A. Connect supply ducts to direct-fired heating and ventilating units with flexible duct connectors. 

Comply with requirements in Section 233300 "Air Duct Accessories" for flexible duct 

connectors. 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." 

3.4 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance 

with NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and 

circuit number feeding connection. 
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1. Nameplate is to be laminated acrylic or melamine plastic signs, as specified in 

Section 260553 "Identification for Electrical Systems." 

2. Nameplate is to be laminated acrylic or melamine plastic signs with a black background 

and engraved white letters at least 1/2 inch (13 mm) high. 

3.5 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power 

Cables." 

3.6 STARTUP SERVICE 

A. Perform startup service. 

1. Complete installation and startup checks in accordance with manufacturer's written 

instructions and perform the following: 

a. Inspect for visible damage to burner combustion chamber. 

b. Inspect casing insulation for integrity, moisture content, and adhesion. 

c. Verify that clearances have been provided for servicing. 

d. Verify that controls are connected and operable. 

e. Verify that filters are installed. 

f. Purge gas line. 

g. Inspect and adjust vibration isolators. 

h. Verify bearing lubrication. 

i. Inspect fan-wheel rotation for movement in correct direction without vibration and 

binding. 

j. Adjust fan belts to proper alignment and tension. 

k. Start unit in accordance with manufacturer's written instructions. 

2. Complete startup sheets and attach copy with Contractor's startup report. 

3. Inspect and record performance of interlocks and protective devices; verify sequences. 

4. Operate unit for run-in period recommended by manufacturer. 

5. Perform the following operations for both minimum and maximum firing and adjust 

burner for peak efficiency: 

a. Measure gas pressure at manifold. 

b. Measure combustion-air temperature at inlet to combustion chamber. 

c. Measure supply-air temperature and volume when burner is at maximum firing 

rate and when burner is off. Calculate useful heat to supply air. 

6. Calibrate thermostats. 

7. Adjust and inspect high-temperature limits. 

8. Inspect dampers, if any, for proper stroke and interlock with return-air dampers. 

9. Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and 

normal and emergency shutdown. 

10. Measure and record airflow. Plot fan volumes on fan curve. 
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11. Verify operation of remote panel, including pilot-operation and failure modes. Inspect the 

following: 

a. High-limit heat. 

b. Alarms. 

12. After startup and performance testing, change filters, verify bearing lubrication, and 

adjust belt tension. 

13. Verify drain-pan performance. 

14. Verify outdoor-air damper operation. 

3.7 ADJUSTING 

A. Adjust initial temperature set points. 

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

C. Occupancy Adjustments: When requested within 12 months from date of Substantial 

Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. 

Provide up to two visits to Project during other-than-normal occupancy hours for this purpose. 

3.8 CLEANING 

A. After completing system installation and testing, adjusting, and balancing air-handling unit and 

air-distribution systems and after completing startup service, clean air-handling units internally 

to remove foreign material and construction dirt and dust. Clean fan wheels, cabinets, dampers, 

coils, and filter housings, and install new, clean filters. 

3.9 FIELD QUALITY CONTROL 

A. Testing Agency: Contractor will engage a qualified testing agency to perform tests and 

inspections. 

B. Perform tests and inspections. 

1. Fan Operational Test: After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 

2. Test and adjust controls and safeties. 

C. Units will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.10 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain heating and ventilating 

units. 
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END OF SECTION 237339 
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SECTION 238239.19 - WALL AND CEILING UNIT HEATERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Wall and ceiling unit heaters with propeller fans and electric-resistance 

heating coils. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, furnished specialties, and accessories. 

B. Shop Drawings: 

1. Include plans, elevations, sections, and details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Include details of anchorages and attachments to structure and to supported equipment. 

4. Include equipment schedules to indicate rated capacities, operating characteristics, 

furnished specialties, and accessories. 

5. Wiring Diagrams: Power, signal, and control wiring. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

PART 2 - PRODUCTS 

2.1 GENERAL 

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

following: 

1. Berko; Marley Engineered Products. 

2. Federal Pacific 

3. Markel Products Company; a subsidiary of TPI Corporation. 

4. Nutone 

5. QMark; Marley Engineered Products. 

6. Raywell 

7. Singer 
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B. Heaters: Assembly including chassis, electric heating coil, fan, motor, and controls. Comply 

with UL 2021. 

C. Electrical Components, Devices, and Accessories:  

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and application. 

Motor:  

1. Comply with requirements in Section 230500 "Common Work Results for HVAC." 

E. Capacities and Characteristics: 

1. Refer to mechanical schedules on drawings. 

2.2 Electric Wall Heater (EWH-)- 

A. Type: Fan-forced wall heater. 

B. UL Listed. 

C.  Mounting: Surface mounted. 

D. Front Cover: Louvered front cover shall be of heavy gauge steel with powder paint finish. A 

plug button will be provided to replace the thermostat knob and render the unit tamper-resistant. 

E. Finish: All sheet metal parts, except the galvanized steel back box, shall be phosphatized, then 

completely painted by a powder paint process. 

F. Back Box: Back box shall be heavy gauge galvanized steel and shall contain knockouts 

throughout with power leads enter. 

G. Inner Frame Assembly: The heater assembly, which fits into the back box, shall consist of a 

heavy gauge steel fan panel to which all of the operational parts of the heater are mounted. The 

inner frame assembly shall be completely pre-wired. 

H. Accessories: Provide surface mounting frame constructed of heavy guage steel designed to 

mount around back box for a finished surface installation. Slot knockouts shall be provided for 

power supply conduit. 

I. Motor and Controls: Fan motor shall be impedance protected, permanently lubricated. Fan 

control shall be of bi-metallic, snap-action type and shall activate fan after heating element 

reaches operating temperature, and continue to operate the fan after the thermostat is satisfied 

and until all heated air has been discharged. The thermostat shall be single-pole type. Thermal 

cutout shall be self-hold (manual-reset) type designed to shut off heat in the event of 

overheating. Fan shall be four-bladed aluminum. A back up (end of life) thermal fuse shall be 

provided for additional safety. 

J. On/off switch: A double-pole, single throw on/off switch shall be mounted on the back box for 

positive disconnect power supply. It will be completely concealed behind the front cover.  
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K. Heating Element: The heating element shall be of the non-glowing design consisting of 80/20 

nickle-chromium resistance wire enclosed in a steel sheath to which plate fins are copper 

brazed. The element shall cover the entire air discharge area to ensure uniform heating of all 

discharged air. Warrantied for 5 years. 

2.3 Electric Unit Heater (EUH-)- 

A. Type: Bundled Horizontal / Downflow Unit heater. 

B. UL Listed.  

C. Mounting: Wall mounted.  

D. Housing: Heavy gauge steel, welded and phosphatized; completely painted by a baked enamel 

painting process. Front and back panels shall be removable to gain full access to element, 

motor, and fan area. Fan guard shall be painted to match heater for appearance and durability.  

E. Accessories: Furnish with wall mounting bracket.  

F. Control Box: The control box, housing all heater wiring and controls, shall be located at the 

bottom of the heater and equipped with a swing down hinged cover to permit full access for 

installation and servicing without dismounting the heater.  

G. Wiring: All heater and control wiring connections shall terminate in the control box. 60°C wire 

may be used to bring entry wiring into compartment. 

H. Heating Element: Non-glowing design consisting of a special resistance wire enclosed in the 

steel sheath to which steel plate fins are brazed. The heating element shall cover the entire air 

discharge are for uniform heating. Warrantied for 5 years. 

I. Thermal Cutout: Thermal Cutout shall be built into the system to automatically shut off heater 

in event of overheating and reactivate the heater when temperatures return to normal. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF WALL AND CEILING UNIT HEATERS 

A. Install wall and ceiling unit heaters to comply with NFPA 90A. 

B. Install wall and ceiling unit heaters level and plumb. 

C. Install wall-mounted thermostats and switch controls in electrical outlet boxes at heights to 

match lighting controls. Verify location of thermostats and other exposed control sensors with 

Drawings and room details before installation. 

D. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 

Systems." 
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E. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 

and Cables." 

END OF SECTION 238239.19 


