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SECTION 23 01 00 – General Provisions, Mechanical 

 

PART 1 GENERAL  
 
1.1 SECTION INCLUDES 

 
A. Materials, equipment, fabrication, installation, and tests in conformity with applicable 

codes and authorities having jurisdiction for the following: 
1. Mechanical work covered by all sections within DIVISION 23 - MECHANICAL of 

these Specifications, including but not limited to: 
a. Heating, ventilating, and air conditioning systems and equipment. 
b. Plumbing systems and equipment. 

 
1.2 REFERENCE STANDARDS, CODES, FEES AND UTILITY CONNECTION 

CHARGES 

 
A. Local codes. 
B. Standard Building Codes. 
C. State Codes. 
D. FM - Factory Mutual. 
E. Federal Codes. 
F. ASME Boiler Code. 
G. AGA - American Gas Association. 
H. ASH RAE - American Society of Heating, Refrigerating and Air Conditioning 

Engineers. 
I. AABC - Associated Air Balance Council. 
J. ADC - Air Diffusion Council. 
K. IEEE - Institute of Electrical Electronic Engineers. 
L. ANSI - American National Standards Institute. 
M. ASME - American Society of Mechanical Engineers. 
N. NEMA - National Electrical Manufacturer's Association. 
0. NFPA - National Fire Protection Association. 
P. ARI - Air-Conditioning and Refrigeration Institute. 
Q. UL - Underwriters Laboratories, Inc. 
R. NBC - National Building Code. 
S. NMC - National Mechanical Code. 
T. NPC - National Plumbing Code. 
U. OSHA - Occupational Safety and Health Act. 
V. SMACNA - Sheet Metal and Air Conditioning Contractors National Association, Inc. 
W. Standards Compliance: When materials or equipment must conform to the standards 

of organizations such as the American National Standards Institute (ANSI), American 
Society for Testing and Materials (ASTM), National Electrical Manufacturers 
Association (NEMA), and Underwriters Laboratories (UL), proof of such conformance 
shall be submitted for approval. If an organization uses a label or listing to indicate 
compliance with a particular standard, the label or listing will be acceptable evidence, 
unless otherwise specified. 

X. Contractor shall make arrangements with utility company(ies) for their services and 
metering work. Pay all charges therefor and include the cost thereof in the contract 
price. 
 

1.3 QUALITY ASSURANCE 
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A. Supply all equipment and accessories new and free from defects. 
 

B. Products Criteria: 

1. Standard Products: Material and equipment shall be the standard products of a 

manufacturer regularly engaged in the manufacture of the products. Items of 

equipment shall essentially duplicate equipment that has been in satisfactory use 

at least two years prior to bid opening. Provide list of users upon request. 

2. Equipment having less than a two-year use record, which in the opinion of the 
Engineer, provides significant benefits to the Owner such as improved energy 

efficiency, will be acceptable if it is a product of a manufacturer who has been 

regularly engaged in the manufacture of that specific type of product which has 

been used in similar applications for a period of two years. The 

Architect/Engineer reserves the right to require the Contractor to submit 

evidence to this effect for his approval. 

3. Equipment Service: Products shall be supported by a service organization which 

maintains an adequate inventory of repair parts and is located, in the opinion of the 

Architect/Engineer, reasonably close to the site. 

4. Multiple Units: When two or more units of materials or equipment of the same type 
or class are required, these units shall be products of one manufacturer. 

5. Assembled Units: Manufacturers of equipment assemblies, which use components 

made by others, assume complete responsibility for the final assembled product. 

6. Nameplates: Nameplate bearing manufacturer's name or identifiable 

trademark shall be securely affixed in a conspicuous place on equipment, or 

name or trademark cast integrally with equipment, stamped or otherwise 

permanently marked on each item of equipment. 

 
C. Equipment Vibration Tolerance: 

1. After air and/or water balance work is completed and permanent drive mechanisms 

are in place, perform field mechanical balancing and adjustments required to meet 

the specified vibration tolerance. 

 
D. Welding: Before any welding is performed submit a copy of the Welding Procedure 

Specification (WPS) together with the Procedure Qualification Record as required by 

Section IX of the ASME Boiler and Pressure Vessel Code. 
1. Before any welder performs any welding, submit a copy of the Manufacturer's 

Record of Welder or Welding Operator Qualification Tests as required by Section 
IX of the ASME Boiler and Pressure Vessel Code. The letter or symbol (as shown 
on the qualification test form) shall be used to identify the work of that welder and 
shall be affixed in accordance with appropriate construction code, to each 

completed weld. 

2. The types and extent of non-destructive examinations required for pipe welds are 
shown in Table 136.4 of the Code for Pressure Piping, ANSI/ASME B31.1. 

 
E. Supply all equipment and accessories in compliance with the applicable standards 

listed in Article 1.3 of this section and with all applicable national, state, and local 
codes. 

 
F. Manufacturer's Recommendations: Where installation procedures or any part thereof 

are required to be in accordance with the recommendations of the manufacturer of the 
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material being installed, printed copies of these recommendations shall be furnished for 

record to the Architect/Engineer prior to installation. Installation of the item will not be 

allowed to proceed until the recommendations are received. Failure to furnish these 

recommendations may be cause for rejection of the material. 

 
G. When included, reflected ceiling plan drawings shall govern over mechanical and 

electrical drawings for location of ceiling-installed elements. 

 

H. In addition to all requirements specified hereinafter, each material and equipment item 

shall have all features as standard with its manufacturer and/or required for the 

complete operational system. 

 
I. Capacities, ratings, sizes, and other requirements not specified hereinafter shall be as 

scheduled or otherwise indicated on the drawings. 

 
J. Should the Contractor at any time discover a discrepancy in the drawings or with 

respect to a variance of code requirements, he shall notify the Architect/Engineer 

for clarification and shall not proceed with the work affected until clarification has 

been made. 

 
1.4 SUBMITTALS 

 
A. Submittals and shop drawings shall be submitted in accordance with these 

CONTRACT DOCUMENTS and in accordance with the following: 

1. Submit shop drawings, manufacturers data and certificates for equipment, 

materials and finish, and pertinent details for each system where specified in 

each individual section, and have them approved before procurement, 

fabrication, or delivery of the items to the job site. Partial submittals will not be 

acceptable and will be returned without review. All equipment, material, and 

manufacturer's literature shall be submitted for approval at one time and in a 

tabulated binder. Control drawings and the controls equipment submittal may 

be submitted at a later time, but as soon as practical after the contract has 

been awarded and after the general equipment submittal has been made. 

However, every attempt shall be made to include the complete controls 

submittal with the general equipment submittal at one time. 

2. The submittal shall include summary cover sheet(s) and manufacturer’s literature 

under each tab of the submittal binder which together clearly indicate compliance 

or deviation from the specifications and drawings. 

3. Submission material and all shop drawings shall be marked with the 

appropriate identification relating the equipment to the drawings. Mark and 

reference each item on the submittal summary sheet and the manufacturer's 

literature to the appropriate paragraph number in the specifications. 

Manufacturer's standard catalogs will not be accepted. 

4. Failure to comply with the above for a complete and clear submittal may result in 

resubmittal. 

 
B. Operating instructions and parts lists. 

1. Before requesting acceptance of work, furnish the number of printed and hardback 
bound sets required. 



P.N. 23144  HNA Engineering, PLLC 

 

GENERAL PROVISIONS - MECHANICAL 23 01 00 - 4 
 

2. Equipment and systems. 

a. Complete description of equipment and systems and basic operating 
features. 

b. Manufacturer's name, model number, service manual, spare parts list, and 

descriptive literature for all components 

3. Maintenance instructions. 
4. Listing of possible breakdown and repairs. 

5. Instruction for starting and operation. 

6. Detailed and simplified one line, color coded flow and wiring diagrams. 
7. Schedule of valve identification. 

 
1.5 JOB CONDITIONS 

 
A. Examine related work and surfaces before starting work of any section. 

1. Report in writing, conditions which will prevent proper provision of this work. 
2. Installed work which interferes with architectural or any other work, or which 

deviates from drawings and specifications without prior approval, shall be altered 
by contractor, without  cost to Owner, to clear such interferences, or to comply 
with the drawings and specifications. Interferences or discrepancies which may 
be discovered or anticipated shall be reported promptly. Architect/Engineer shall 
have privilege of making minor changes without additional cost, provided that 
such changes are made before commencing work on items involved. 

 
B. Continuity of Services and Connections to Existing Work: 

1. At no additional cost to Owner, provide all necessary temporary connections and 
temporary facilities to accomplish the required continuity of services and existing 
operations. 

2. Arrange all work to interfere as little as possible with the normal existing operations. 
Do not interrupt any existing utility or other service or existing operation at any time 
without Owner's prior approval. After each interruption has been made, make all 
necessary connections and alterations, and restore services and avoid 
interferences with normal existing operations as quickly as possible. 

3. Install new work and connect to existing work with minimum interference to existing 
facilities and maintain water and air tightness when applicable. 

4. Temporary shutdowns of existing services: 
a. At no additional charges. 
b. At times not to interfere with normal operation of existing facilities. 
c. Only with written consent of Owner. 

5. Maintain continuous operation of existing facilities as required with necessary 
temporary connections between new and existing work. 

6. Connect new work to existing work in neat and satisfactory high quality 
workmanship manner. 

7. Restore existing disturbed work to original or better conditions. 

 
1.6 ACCURACY OF DATA AND DRAWINGS 

 
A. Drawings are generally diagrammatic, and where not dimensioned or detailed, indicated 

approximate locations of work. Examine carefully existing buildings and structures, 
existing systems, and all other contract drawings, and install work to conform as nearly 
as possible to locations and arrangements indicated, with only such minor adjustments 
as necessary to coordinate mechanical work with other work, and to avoid interferences 
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therewith. All piping and ductwork, offsets, rises, and fittings are not necessarily shown; 
however, provide these as required by the conditions involved. 

 
B. Building and structure dimensions: TAKE THESE FROM ARCHITECTURAL AND 

FROM ACTUAL MEASUREMENTS OF EACH EXISTING BUILDING AND EACH 
EXISTING STRUCTURE INVOLVED. 

 
1.7 COORDINATION 

 
A. Carefully examine the architectural, electrical, heating and air-conditioning, plumbing, 

fire protection, structural, and site plan drawings and specifications, and coordinate this 
work among trades to avoid delay. 

 
B. In general, permanent openings or knockout panels are provided to permit only future 

service or replacement of system components, not the entire assembly. The Contractor 
shall coordinate his equipment delivery with construction progress so that installation 
may be made in an orderly manner. 

 
C. The structural design is based on installed locations of the equipment only. Any 

necessary shoring or other protection necessary for moving heavy equipment to 
installed location is the responsibility of the Contractor. Take extra precautions in using 
any existing structure for hoisting or temporary support. 

 
D. Wherever piping, conduits, ducts, or other items are to run in the same general 

direction, elevation, or location, coordinate for the proper allocation of the space 
position. If necessary, consult the Architect/Engineer, whose decision shall be final. 

 

E. Wherever work is to be concealed or installed above ceilings, maintain adequate 
clearance to allow for access, repairs, and removal of all devices. 

 
F. Coordinate setting of sleeves, anchor bolts, and inserts as required to accommodate 

equipment before concrete is set and masonry is placed. 
 
1.8 ELECTRICAL CHARACTERISTICS, MOTORS, MOTOR STARTERS, CONTROLS, 

AND WIRING 

 
A. Electrical Characteristics: Refer to electrical section for electrical characteristics of 

motors specified or scheduled under the Mechanical Section. 
 

B. Motor Sizes: Motor horsepowers specified in Mechanical Section and/or indicated on 
mechanical drawings are approximate and are not intended to limit motor sizes. Each 
motor shall be of proper size to operate continuously the actual equipment driven 
thereby, without overload on motor under all operating conditions, except as otherwise 
specified. 

 
C. Motor starters and other electrical control devices: Generally, motor starters for 

equipment motors shall be furnished by contractor. Also, provide electrical control 
devices required for the Mechanical system, unless otherwise specified. 

 
D. All motor starters shall comply with specifications for motor starters as specified in 

DIVISION 23. 
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E. In addition to the items specified in DIVISION 23, starters that operate in parallel with 

other starters shall be equipped with auxiliary contacts on the main disconnect for 
breaking one leg of the control power. In these cases, the secondaries of the starter 
transformers shall be properly phased. 

 
F. Installation of electrical devices, EXCEPT those factories mounted on equipment: 

electrical control devices which require electrical connections ONLY, shall be installed 
by contractor; electrical control devices which required piping, linkage, remote bulb, or 
other mechanical connections IN ADDITION TO electrical connections, shall be 
installed by contractor, ready for electrical connections. Electric wiring: All electric wiring 
required to operate the mechanical systems, EXCEPT wiring which is factory installed 
on equipment, shall be done by contractor, in accordance with approved wiring 
diagrams which shall be furnished by this Section. 

 
G. Install name plates with full data on all motors, starters, and disconnect switches. 

 
1.9 TRANSPORTATION AND HANDLING 

 
A.   Pay all transportation and handling charges. Immediately report any damage to 

equipment received to the carrier so that job progress will not be delayed. 
 

B. All items received by the Contractor shall be left in their original containers, or as 
shipped, where possible, until installed in final locations. 

 
C. All items shall be protected from the elements. If stored outside, provide blocking to 

raise the base of each item well above ground and/or water levels. 
 

D. Provide additional protection for items subject to damage, where necessary, so that 
when installed, the items will be in new condition. 

 
E. Supply electrical items that might be damaged by condensation with heated air in an 

enclosed area until placed into service. 
 
1.10 CUTTING AND PATCHING 

A. Execute cutting (including excavating), fitting, and patching of work required to: 
1. Make several parts fit properly. 
2. Uncover work to provide for installation of ill-timed work. 
3. Remove defective work. 
4. Remove work not complying with the requirements of the contract documents. 
5. Remove samples of installed work as specified for testing. 
6. Where work is cut for any reason, restore cut and damaged areas with new 

materials meeting requirements of the contract documents. 

 
B. In addition to the requirements above and upon written instructions of the Architect/ 

Engineer, provide cutting, fitting, and patching to: 
1. Uncover work to provide observation of covered work. 
2. Remove samples of installed materials for testing. 

 
C. Do not endanger work by cutting or altering work or any part of it. 

 
D. Prior to cutting that affects structural safety of project, submit written notice to 
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Architect/Engineer requesting consent to proceed with cutting, including: 
1. Identification of project. 
2. Description of affected work. 
3. Necessity for cutting. 
4. Effect on other work and on structural integrity of project. 
5. Description of proposed work. Designate scope of cutting and patching, trades to 

execute work, products proposed to be used, and extent of refinishing. 
6. Alternatives to cutting and patching. 
7. Designation of party responsible for cost of cutting and patching. 

 
E. Prior to cutting and patching done on the instruction of the Architect/Engineer, submit 

cost estimate. 
 

F. Should conditions of work or schedule indicate the need for change of materials or 
methods, submit written recommendations Architect/Engineer, including conditions 
indicating the need for change, recommendations for alternative materials or methods, 
submittals as required for substitution of materials, and cost estimate for changing 
materials or methods. 

 
G. Submit written notice designating time work will be uncovered to provide for 

observation. 

 
H. Costs caused by ill-timed or defective work and work not complying with requirements 

of the contract documents, including costs of additional services of Architect/Engineer, 
shall be borne by the party responsible for the ill-timed, defective, or non-complying 
work. 

 
1.11 INSTRUCTION TO OWNER/OPERATING PERSONNEL 

 
A.  The Contractor shall furnish the services of factory trained instructors who will give full 

instruction to the designated personnel in the adjustment, operation, and maintenance, 
including pertinent safety requirements, of the equipment or system specified. The 
instruction will be for a minimum of 8 hours unless otherwise noted. Each instructor shall 
be thoroughly familiar with all parts of the installation and shall be trained in operating 
theory as well as practical operation and maintenance work. Instruction shall be given 
after the equipment or system has been accepted for regular operation. When 
significant changes or modifications in the equipment or system are made under the 
terms of the contract, additional instruction shall be provided to acquaint the operating 
personnel with the changes or modifications. 

 
PART 2 PRODUCTS 

2.1 MATERIALS, SUBSTITUTIONS, AND PRODUCT OPTIONS 

 
A. Manufacturers or Trade Names: 

1. The use of manufacturer's names and catalog numbers in these specifications or 
on the drawings indicates the type, size, rating, capacity, design, quality, or kind 
of materials required, and a closed specification is not intended, and similar and 
equal products of any reputable manufacturer which will satisfactorily perform the 
required functions will be acceptable, unless otherwise indicated by the words 
NO SUBSTITUTES, or unless otherwise specifically stated. The 
Architect/Engineer reserves the right to reject all materials which he deems not 
equal to those specified, or which he decides will not satisfactorily perform the 
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required functions. 
2. Any manufacturer providing equipment for this project shall provide a written 

guarantee to the Contractor stipulating that any parts used in the equipment so 
provided will be readily available for a minimum of ten years from date of shipment 
from the factory. The Contractor shall, in turn, provide the Owner with these 
guarantees in the brochures submitted covering all the equipment used. 

 

PART 3 EXECUTION 
 
3.1 FIELD TESTS 

 
A. All piping shall be free of leaks, and test gauges shall show no loss of pressure for at 

least 30 minutes after source of test pressure has been cut off, or as noted. Pipes may 

be tested in sections as the work progresses. Repair and retest all sections failing to 

pass tests, as required to obtain approval of tests.  No caulking, welding, or brazing will 

be permitted on threaded pipe or fittings to stop leaks. Replace with new material all 

cracked or otherwise defective pipe and fittings of all types, as approved. Furnish 

suitable testing equipment, give all applicable authorities ample advance notice of all 

proposed tests and readiness of work for inspections, and advance notice of all 

proposed tests and readiness of work for inspections, and conduct each test in their 

presence, as approved. Do not conceal or insulate piping and do not conceal ductwork 

until all inspections have been made and all required tests have been approved by all 

applicable authorities. Submit results for review. 

 
B. Provide required labor, material, equipment, and connections. 

 
C. Test all piping, EXCEPT as otherwise specified below, as follows:  hydrostatic test, at 

150 percent of normal operating pressure of piping involved, or 100 psi, whichever is 

higher, AFTER removing all air from piping involved in test. 
1. Natural gas and fuel oil piping: 50 psi test using air or inert gas. 
2. Test all equipment in accordance with sections specified hereinafter. 

 
D. Test all ductwork in accordance with leakage test method recommended in latest 

edition of SMACNA "HVAC Duct Construction Standards - Metal and Flexible". 

After remedying audible leaks, total leakage on system shall not exceed one 

percent of system total design air flow rate. 

 
3.2 ADJUSTING AND CLEANING 

 
A. Flush or blow all welding slag, pipe joint compound, loose scale, and other debris from 

pipework before connecting equipment thereto. 
 

B. After systems have been tested and before any field painting is commenced, clean up 

all work thoroughly. Remove all foreign matter which has accumulated in ducts, casings, 

enclosures, fixtures, and equipment. Clean and polish all valves, plates, and other 

surfaces that are not to be painted, so that they present a new and acceptable 

appearance. 

 
C. Put systems in operation, test all fixtures and other equipment, remedy all leaks and 

defects, make all necessary adjustments, and remove all air from water circulating 
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systems. Adjust all air and water flows to indicated and/or required quantities, and 

adjust all controls and other items as required to balance system and provide uniform 

air flows and uniform temperatures in air conditioned areas. Demonstrate that all 

controls and mechanical equipment function satisfactorily, as specified, as indicated, 

and as approved. 

 

D. Strainers and Dirt Pockets: Clean out each of these; REMOVE EACH STRAINER 
SCREEN FOR CLEANING. 

 
E. Circulating Water Systems: Completely drain each of these, and refill with clean 

water. 
 

F. Gas piping shall be cleaned in accordance with the requirements. 
 

G. After systems have been tested and before putting any part of or the entire system in 

operation for Owner's beneficial use, ensure that all necessary adjustments have been 

made. 

1. Bearings and other items requiring lubrication, except factory permanently 

lubricated type: lubricate each of these as recommended by its manufacturer; 

this includes lubricated type plug valves. 

2. Belts: adjust each of these to proper tension. 
3. Filters: replace each disposable ("throw-away") filter with a new clean filter (except 

blanket roll and high efficiency type). Clean each cleanable filter.  NOTE:  ALL 

FILTERS SHALL BE IN PLACE DURING TESTING AND ADJUSTING. 

4. Motor load tests: make an ammeter check of actual running current of each motor 

in mechanical system under operating conditions. Correct all motors which are 

found to be overloaded, as approved. 

 
3.3 INSTALLATION 

 
A. Equipment rooms and other areas in which equipment is to be installed have limiting 

dimensions - Install all mechanical work within these areas substantially as indicated, 
with ample unobstructed  access space around each piece of equipment to facilitate 
proper installation, operation, and maintenance of equipment, and to allow ample 
space for plumbing, electrical, and other equipment indicated to be installed therein. 
Minor revisions in layout may be made subject to approval, but major changes in 
layout to accommodate proposed equipment which differs substantially from specified 
equipment in size and arrangement may not be considered or will be subjected to the 
provisions hereinbefore. Each bidder shall determine before bidding that equipment 
upon which he proposes to base his bid will conform to these requirements. Install 
each equipment item in accordance with its manufacturer's recommendations, and as 
indicated on the drawings, and/or specified. If the drawings and/or specifications 
conflict with the manufacturer's recommendations, report this to the Architect/Engineer 
for his decision before proceeding with the work involved. 
 

B. Generally, install pipework and ductwork as follows unless otherwise indicated. 

1. Finished areas: conceal pipework and ductwork within pipe chases, above 

suspended ceiling, and within other building construction, and other 

finished areas, unless otherwise indicated. 

2. Unfinished areas: install aboveground pipework and ductwork exposed in areas 
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where pipe chases or suspended ceilings are not indicated or concealing is 

otherwise impracticable, in mechanical and electrical equipment rooms, 

manufacturing areas, warehouse, or storage areas, and other unfinished areas. 

3. ALL areas: install pipework and ductwork parallel or at right angles with beams, 

walls, ceilings, and other building lines, in straight lines between required 

direction changes, with vertical runs plumb. Install exposed pipework and 

ductwork as close as practicable to walls, columns, ceilings, and overhead 

construction, and to provide maximum headroom and minimum interference 

with usable building space. 

 
3.4 REMOVAL AND RELOCATION OF EXISTING WORK 

 
A. Disconnect, remove or relocate material, equipment, piping, and other work noted and 

required by removal or changes in existing construction. 
 

B. Provide new material and equipment related for relocated equipment. 

 
C. Plug or cap active piping or ductwork behind or below finish. 

 
D. Do not leave long dead end branches: 

1. Cap or plug as close to active line as possible. 
 

E. Salvaged Existing Mechanical Materials and Equipment: Promptly haul away from 

Owner's premises all materials and equipment which are removed from existing 

system and are neither indicated nor required to be reused in the completed project, 

EXCEPT as otherwise specified. Owner may select certain removed existing materials 

and equipment and retain them for his future use. Before removing any existing 

materials and equipment, determine from Owner which of these materials and 

equipment he desires to retain. Remove all Owner selected materials and equipment 

without unnecessary damage thereto, and safely store them at locations designated 

by Owner. 

 
3.5 CUTTING AND PATCHING 

 
A. Inspect existing conditions of work, including elements subject to movement or 

damage during cutting and patching and excavating and backfilling. 

 
B. After uncovering work, inspect conditions affecting installation of new products. 

 
C. Provide shoring, bracing, and support required to maintain structural integrity of the 

project. 

 
D. Provide protection for other portions of the project. 

 
E. Provide protection from the elements. 

 
F. Execute fitting and adjustment of products to provide finished installation to comply 

with specified tolerances and finishes. 

 
G. Execute cutting and demolition by methods that prevent damage to other work and 
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provide proper surfaces to receive installation of repairs and new work. 

 
H. Refinish the entire surfaces where cutting and patching work occurs to provide an even, 

continuous surface to the nearest intersections. Where assemblies are damaged by 

cutting and patching, refinish entire assemblies. 

 
3.6 PAINTING 

 
A. All equipment shall be factory prime coated and painted, however, the following may 

be shop prime coated and made ready for painting: 
1. Tanks. 

2. Structural supports and frames. 
 

B. Uncoated Hangers, Supports, Rods, and inserts shall be prime coated. 

C. Exposed, uninsulated black steel piping, pipe supports, and pipe braces shall be 
prime coated. 

 
D. Marred surfaces of prime coated or factory painted surfaces shall be painted and/or 

primed to match adjacent coat. 

 
END OF SECTION 
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SECTION 23 05 00 – BASIC MECHANICAL MATERIALS AND METHODS 

 

 

PART 1 - GENERAL 
 
  
 
1.1 SECTION INCLUDES 

 

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

complement other Division 23 Sections. 

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

2. Concrete base construction requirements. 

3. Dielectric fittings. 

4. Flexible connectors. 

5. Mechanical sleeve seals. 

6. Equipment nameplate data requirements. 

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

Division 23 Section "Mechanical Identification." 

8. Nonshrink grout for equipment installations. 

9. Field-fabricated metal and wood equipment supports. 

10. Installation requirements common to equipment specification sections. 

11. Cutting and patching. 

12. Painting and finishing. 

 

1.2 DEFINITIONS 
 

A. Finished Spaces: Spaces other than mechanical and electrical equipment 

rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below 

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

 
B. Exposed, Interior Installations: Exposed to view indoors. Examples include 

finished occupied spaces and mechanical equipment rooms. 

 
 

C. Concealed, Interior Installations: Concealed from view and protected from 

physical contact by building occupants. Examples include above ceilings and in 

duct shafts. 

 

D. The following are industry abbreviations for plastic materials: 

1. ABS:  Acrylonitrile-butadiene-styrene plastic. 

2. CPVC: Chlorinated polyvinyl chloride plastic. 

3. PVC: Polyvinyl chloride plastic. 
 

E. The following are industry abbreviations for rubber materials: 

1. CR: Chlorosulfonated polyethylene synthetic rubber. 

2. EPDM:  Ethylene propylene diene terpolymer rubber. 
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1.3 SUBMITTALS 

 

A. Submittals and shop drawings shall be submitted in accordance with Division 1  - 

SUBMITTALS. 

 
B. Product Data: For dielectric fittings, flexible connectors, mechanical sleeve 

seals, and identification materials and devices. 

 
C. Shop Drawings: Detail fabrication and installation for metal and wood supports 

and anchorage for mechanical materials and equipment. 

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

 
 
 
1.4 QUALITY ASSURANCE 

 

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

viewing angles of identification devices. 

 
B. Equipment Selection: Equipment of higher electrical characteristics, physical 

dimensions, capacities, and ratings may be furnished provided such proposed 

equipment is approved in writing and connecting mechanical and electrical 

services, circuit breakers, conduit, motors, bases, and equipment spaces are 

increased. Additional costs shall be approved in advance by appropriate 

Contract Modification for these increases. If minimum energy ratings or 

efficiencies of equipment are specified, equipment must meet design and 

commissioning requirements. 
 

 

1.5 DELIVERY, STORAGE, AND HANDLING 
 

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

through shipping, storage, and handling to prevent pipe end damage and 

prevent entrance of dirt, debris, and moisture. 

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

not exceed structural capacity of floor, if stored inside. 

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

 

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

 

1.6 SEQUENCING AND SCHEDULING 
 

A. Coordinate mechanical equipment installation with other building components. 
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B. Arrange for pipe spaces, chases, slots, and openings in building structure during 

progress of construction to allow for mechanical installations. 

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

place concrete and other structural components, as they are constructed. 

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

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

equipment requiring positioning before closing in building. 

 
E. Coordinate installation of identifying devices after completing covering and 

painting, if devices are applied to surfaces. Install identifying devices before 

installing acoustical ceilings and similar concealment. 
 

 

PART 2 - PRODUCTS 
 
 
 
2.1 MANUFACTURERS 

 

A. Available Manufacturers: Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 

but are not limited to, the following: 

 
B. Manufacturers: Subject to compliance with requirements, provide products by 

one of the following: 

1. Dielectric Unions: 

a. Hart Industries International, Inc. 

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

c. Zurn Industries, Inc.; Wilkins Div. 

2. Dielectric Flanges: 

a. Capitol Manufacturing Co. 

b. Central Plastics Co. 

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

3. Dielectric Nipples: 

a. Grinnell Corp.; Grinnell Supply Sales Co. 

b. Perfection Corp. 

c. Victaulic Co. of America. 
 

4. Metal, Flexible Connectors: 

a. Metraflex Co. 

b. Proco Products, Inc. 

c. Uniflex, Inc. 

5. Mechanical Sleeve Seals: 

a. Calpico, Inc. 

b. Metraflex Co. 

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

 

A. Refer to individual Division 23 piping Sections for pipe and fitting materials and 

joining methods. 

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

 
 
 
2.3 JOINING MATERIALS 

 

A. Refer to individual Division 23 piping Sections for special joining materials not 
listed below. 

 

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

piping system contents. 

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

maximum thickness, unless thickness or specific material is indicated. 

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

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

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

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

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

 

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

by piping system manufacturer, unless otherwise indicated. 

 
E. Solder Filler Metals:  ASTM B 32. 

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

2. Alloy E: Approximately 95 percent tin and 5 percent copper, with 0.10 

percent maximum lead content. 

3. Alloy HA:  Tin-antimony-silver-copper zinc, with 0.10 percent maximum lead 
content. 

4. Alloy HB: Tin-antimony-silver-copper nickel, with 0.10 percent maximum 
lead content. 

5. Alloy Sb5:  95 percent tin and 5 percent antimony, with 0.20 percent 

maximum lead content. 

F. Brazing Filler Metals:  AWS A5.8. 

1. BCuP Series:  Copper-phosphorus alloys. 

2. BAg1:  Silver alloy. 
 

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

appropriate for wall thickness and chemical analysis of steel pipe being welded. 

 
H. Solvent Cements:  Manufacturer's standard solvent cements for the following: 
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1. ABS Piping:  ASTM D 2235. 

2. CPVC Piping:  ASTM F 493. 

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

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

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

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

carbon-steel bolts and nuts. 

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

pressure pipes. 

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

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

3. Gaskets:  Rubber. 

4. Bolts and Nuts:  AWWA C111. 

5. Finish:  Enamel paint. 
 
 
2.4 DIELECTRIC FITTINGS 

 

A. General: Assembly or fitting with insulating material isolating joined dissimilar 

metals, to prevent galvanic action and stop corrosion. 

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

and weld-neck end types and matching piping system materials. 

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

 

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

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

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

300-psig (1035- or 2070-kPa) minimum working pressure as required to suit 

system pressures. 

 
F. Dielectric-Flange Insulation Kits: Field-assembled, companion-flange assembly, full-

face or ring type. Components include neoprene or phenolic gasket, phenolic or 

polyethylene bolt sleeves, phenolic washers, and steel backing washers. 

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

300-psig (1035- or 2070-kPa) minimum working pressure as required to 

suit system pressures. 

 
G. Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive, 

thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working 

pressure at 225 deg F (107 deg C). 
 

H. Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, 
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thermoplastic lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) 

minimum working pressure at 225 deg F (107 deg C). 
 

 

2.5 FLEXIBLE CONNECTORS 
 

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

flexible pipe connections. Include 125-psig (860-kPa) minimum working-pressure 

rating, unless higher working pressure is indicated, and ends according to the 

following: 

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

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

3. Option for 2-1/2-Inch NPS (DN65) and Larger: Grooved for use with keyed 
couplings. 

 

B. Bronze-Hose, Flexible Connectors: Corrugated, bronze, inner tubing covered 

with bronze wire braid. Include copper-tube ends or bronze flanged ends, braze 

welded to hose. 
 

 

2.6 MECHANICAL SLEEVE SEALS 
 

A. Description: Modular design, with interlocking rubber links shaped to 

continuously fill annular space between pipe and sleeve. Include connecting 

bolts and pressure plates. 
 

 

2.7 PIPING SPECIALTIES 
 

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

1. Steel Sheet Metal:  0.0239-inch (0.6-mm) minimum thickness, galvanized, 

round tube closed with welded longitudinal joint. 

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

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

pipe, with plain ends and integral waterstop, unless otherwise indicated. 
 

 

2.8 GROUT 
 

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

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

grout, nonstaining, noncorrosive, nongaseous, and recommended for 

interior and exterior applications. 

2. Design Mix: 3000-psi (34.5-MPa), 28-day compressive strength. 

3. Packaging:  Premixed and factory packaged. 
 
 
 
PART 3 - EXECUTION 
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3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

 

A. General: Install piping as described below, unless piping  Sections specify  
otherwise. 

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

indicate general location and arrangement of piping systems. Indicated locations 

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

pump sizing, and other design considerations. Install piping as indicated unless 

deviations to layout are approved on Coordination Drawings. 

 
C. Install piping at indicated slope. 

 

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

 

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

rooms and service areas. 

 
F. Install piping free of sags and bends. 

 

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

walls. Diagonal runs are prohibited, unless otherwise indicated. 

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

elements. Allow sufficient space above removable ceiling panels to allow for 

ceiling panel removal. 

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

clearance  around insulation. 

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

 

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

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

M. Sleeves are not required for core drilled holes. 
 

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

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

concrete floor and roof slabs. 

 
P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-

board partitions, and concrete floor and roof slabs. 

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

a. Exception: Extend sleeves installed in floors of mechanical equipment 

areas or other wet areas 2 inches (50 mm) above finished floor level. 
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Extend cast-iron sleeve fittings below floor slab as required to secure 

clamping ring if ring is specified. 

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

space between sleeve and pipe or pipe insulation. Use the following sleeve 

materials: 

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

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

penetrating  gypsum-board  partitions. 

3. Except for underground wall penetrations, seal annular space between 

sleeve and pipe or pipe insulation, using elastomeric joint sealants. 

4. Use Type S, Grade NS, Class 25, Use O, neutral-curing silicone sealant, 

unless otherwise indicated. 

Q. Aboveground, Exterior-Wall, Pipe Penetrations: Seal penetrations using sleeves 

and mechanical sleeve seals. Size sleeve for 1-inch (25-mm) annular clear 

space between pipe and sleeve for installing mechanical sleeve seals. 

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

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

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

written instructions. Tighten bolts that cause rubber sealing elements to 

expand and make watertight seal. 

 
 

R. Verify final equipment locations for roughing-in. 
 

S. Refer to equipment specifications in other Sections of these Specifications for 

roughing-in requirements. 

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

required in individual piping specification Sections: 

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

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

fittings before assembly. 

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

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

Handbook." 

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

Chapter "Pipe and Tube." 

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

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

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

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

of internal seat or wall, to determine how far pipe should be threaded 

into joint. 

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

unless dry seal threading is specified. 
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c. Align threads at point of assembly. 

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

is being threaded. 

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

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

cracked or open welds. 

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

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

qualified processes and welding operators according to "Quality 

Assurance" Article. 

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

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

concentrically positioned. Assemble joints by sequencing bolt tightening to 

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

Use suitable lubricants on bolt threads. Tighten bolts gradually and 

uniformly using torque wrench. 

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

wiping with clean cloth or paper towels.  Join pipe and fittings according to 

the following: 

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

and solvent cements. 

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

d. PVC Pressure Piping:  ASTM D 2672. 

e. PVC Nonpressure Piping:  ASTM D 2855. 

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

cement according to ASTM D 3138. 

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

with clean cloth or paper towels. Join according to ASTM D 2657 

procedures and manufacturer's written instructions. 

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

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

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

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

valve and at final connection to each piece of equipment with 2-inch NPS 

(DN50) or smaller threaded pipe connection. 

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

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

flanged pipe connection. 

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

materials of dissimilar metals. 

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

piping materials of dissimilar metals. 

 

3.2 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 
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A. Install equipment to provide maximum possible headroom, if mounting heights 

are not indicated. 

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

shown only in diagrammatic form.  Refer conflicts to Designer. 

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

systems and components in exposed interior spaces, unless otherwise indicated. 

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

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

minimum interference to other installations.  Extend grease fittings to accessible 

locations. 

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

 

F. Install flexible connectors on equipment side of shutoff valves, horizontally and 

parallel to equipment shafts if possible. 
 

 

3.3 PAINTING AND FINISHING 
 

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

1. Interior insulated piping: Use two coats of semi-gloss, acrylic-enamel finish. 

Paint to match the existing. 

2. Interior or Exterior, Ferrous Piping: Use semigloss, acrylic-enamel finish. 

Include two finish coats over rust-inhibitive metal primer.  Paint to match 

existing. 

3. Exterior, Galvanized-Steel Piping: Use semigloss, acrylic-enamel finish. 

Include two finish coats over galvanized metal primer. 

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

two finish coats over rust-inhibitive metal primer. 
 

B. Paint piping specialties to match piping. 
 

C. Damage and Touchup: Repair marred and damaged factory-painted finishes 

with materials and procedures to match original factory finish. 
 
3.4 ERECTION OF METAL SUPPORTS AND ANCHORAGE 

 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, 

and elevation to support and anchor mechanical materials and equipment. 

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

 
 
 
3.5 CUTTING AND PATCHING 
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A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces 

necessary for mechanical installations.  Perform cutting by skilled mechanics of 

trades involved. 

 
B. Repair cut surfaces to match adjacent surfaces. 

 
 
 
3.6 GROUTING 

 

A. Install nonmetallic, nonshrink, grout for mechanical equipment base bearing 

surfaces, pump and other equipment base plates, and anchors. Mix grout 

according to manufacturer's written instructions. 

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

 

C. Provide forms as required for placement of grout. 
 

D. Avoid air entrapment during placing of grout. 
 

E. Place grout, completely filling equipment bases. 
 

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

G. Place grout around anchors. 
 

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

END OF SECTION 
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SECTION 23 05 19 - METERS AND GAGES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 ACTION SUBMITTALS 

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

PART 2 - PRODUCTS 

A. Industrial-Style, Liquid-in-Glass Thermometers: 

1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
a. Miljojo Corporation 
b. Weiss Instruments 

2. Case: Aluminum with powder coat finish, 9-inch nominal size unless otherwise 
indicated 

3. Case Form: Adjustable angle unless otherwise indicated. 
4. Tube: Glass with magnifying lens and non-toxic blue or red organic liquid. 
5. Tube Background: Nonreflective aluminum with permanently etched scale 

markings graduated in deg F and deg C 
6. Lens/Window: Acrylic to 300 deg F; Glass above 300 deg F 
7. Stem:  Aluminum and of length to suit installation. 
8. Connector: 1-1/4 inches (32 mm), with ASME B1.1 screw threads. 
9. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a 

maximum of 1.5 percent of scale range. 
a. Hot Water Thermometers:  30 – 240 deg F 
b. Chilled Water Thermometers:  0 – 120 deg F 

2.2 DUCT-THERMOMETER MOUNTING BRACKETS 

A. Description:  Flanged bracket with screw holes, for attachment to air duct and made to 
hold thermometer stem. 

2.3 THERMOWELLS 

A. Thermowells: 

1. Standard:  ASME B40.200. 

2. Description:  Pressure-tight, socket-type fitting made for insertion into piping tee 
fitting. 

3. Material:  Brass 

4. Type:  Stepped shank unless straight or tapered shank is indicated. 

5. External Threads:  NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads. 

6. Internal Threads:  1/2, 3/4, and 1 inch, with ASME B1.1 screw threads. 

7. Bore:  Diameter required to match thermometer bulb or stem. 

8. Insertion Length:  Length required to match thermometer bulb or stem. 

9. Lagging Extension:  Include on thermowells for insulated piping and tubing. 

10. Bushings:  For converting size of thermowell's internal screw thread to size of 
thermometer connection. 
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2.4 PRESSURE GAGES 

1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
a. Miljojo Corporation 
b. Weiss Instruments 

2. Standard: ASME B40.100. 
3. Case: Brightly finished stainless steel, 4.5” nominal diameter. 
4. Pressure-Element Assembly: Bourdon tube unless otherwise indicated. 
5. Pressure Connection: Brass, with NPS 1/4 ASME B1.20.1 pipe threads and 

bottom-outlet type unless back-outlet type is indicated. 
6. Movement: Mechanical, with link to pressure element and connection to pointer. 
7. Dial: Nonreflective aluminum with permanently etched scale markings graduated 

in psi and kPa. 
8. Pointer: Dark-colored metal. 
9. Window: Acrylic 
10. Ring: Stainless Steel 
11. Accuracy: Grade 1A plus mins 1% full scale 

2.5 TEST PLUGS 

A. Provide and install test plugs as indicated on drawings. 

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

1. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 

2. Weiss Instruments, Inc. 

C. Description:  Test-station fitting made for insertion into piping tee fitting. 

D. Body:  Brass or stainless steel with core inserts and gasketed and threaded cap.  
Include extended stem on units to be installed in insulated piping. 

E. Thread Size: NPS 3/4”, ASME B1.20.1 pipe thread. 

F. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. The maximum operating pressure should not exceed 75% of the full-scale range. The 
normal operating range should be in the middle half of the range (between 25% and 
75% of the full-scale range); whenever possible. 

B. Install thermowells with socket extending and in vertical position in piping tees. 

C. Install thermowells of sizes required to match thermometer connectors.  Include 
bushings if required to match sizes. 

D. Install thermowells with extension on insulated piping. 

E. Fill thermowells with heat-transfer medium. 

F. Install direct-mounted thermometers in thermowells and adjust vertical and tilted 
positions. 
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G. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; 
connect cases with tubing and support tubing to prevent kinks.  Use minimum tubing 
length. 

H. Install duct-thermometer mounting brackets in walls of ducts.  Attach to duct with 
screws. 

I. Install direct-mounted pressure gages in piping tees with pressure gage located on 
pipe at the most readable position. 

J. Install valve and snubber in piping for each pressure gage for fluids (except steam). 

K. Install valve and syphon fitting in piping for each pressure gage for steam. 

L. Install test plugs in piping tees. 

M. Install flow indicators in piping systems in accessible positions for easy viewing. 

3.2 CONNECTIONS 

A. Install meters and gages adjacent to machines and equipment to allow service and 
maintenance of meters, gages, machines, and equipment. 

B. Connect flowmeter-system elements to meters. 

C. Connect flowmeter transmitters to meters. 

D. Connect thermal-energy meter transmitters to meters. 

3.3 ADJUSTING 

A. After installation, calibrate meters according to manufacturer's written instructions. 

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

 

END OF SECTION 
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SECTION 23 05 23 - GENERAL-DUTY VALVES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 ACTION SUBMITTALS 

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

1.2 QUALITY ASSURANCE 

A. Source Limitations for Valves:  Obtain each type of valve from single source from 
single manufacturer. 

B. ASME Compliance: 

1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design 
criteria. 

2. ASME B31.1 for power piping valves. 

3. ASME B31.9 for building services piping valves. 

1.3 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 

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

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

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

5. Set butterfly valves closed or slightly open. 

6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 

1. Maintain valve end protection. 

2. Store valves indoors and maintain at higher than ambient dew point temperature.  
If outdoor storage is necessary, store valves off the ground in watertight 
enclosures. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

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

B. Valve Sizes:  Same as upstream piping unless otherwise indicated. 

C. All valves 6” and under shall be provided with lever handles with infinite throttling and 
memory stops. 

D. Valves in this section are for hydronic piping applications. See section 23 22 16 - 
STEAM AND CONDENSATE PIPING SPECIALTIES for steam and condensate valves 
applications. 

2.2 BALL VALVES 

A. Two-Piece, Full-Port, Stainless Steel Ball Valves with Stainless-Steel Trim: 
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1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following 

a. Apollo 77-240 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Milwaukee Valve Company. 

2. Description: 

a. Standard:  MSS SP-110. 

b. SWP Rating:  150 psig. 

c. CWP Rating:  600 psig. 

d. Body Design:  Two piece. 

e. Body Material:  Forged brass. 

f. Ends:  Threaded. 

g. Seats:  PTFE or TFE. 

h. Stem:  Stainless steel. 

i. Ball:  Stainless steel, vented. 

j. Port:  Full. 

2.3 BUTTERFLY VALVES 

A. Single-Flange, High-Performance Butterfly Valves: 

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

a. Milwaukee Valve Company. 

b. NIBCO INC. 

c. Apollo 

2. Description: 

a. Standard:  MSS SP-68. 

b. CWP Rating:  285 psig at 100 deg F (38 deg C). 

c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated 
pressure without use of downstream flange. 

d. Body Material:  Carbon steel,. 

e. Seat:  Reinforced PTFE or metal. 

f. Stem:  Stainless steel; offset from seat plane. 

g. Disc:  Stainless Steel. 

h. Service:  Bidirectional. 

i. Provide extended neck for insulated pipe applications. 

j. Lever handle to have infinite (10) throttling and memory stops. 
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2.4 BRONZE LIFT CHECK VALVES 

A. Class 125, Lift Check Valves with Bronze Disc: 

1. Description: 

a. Standard:  MSS SP-80, Type 1. 

b. CWP Rating:  200 psig. 

c. Body Design:  Vertical flow. 

d. Body Material:  ASTM B 61 or ASTM B 62, bronze. 

e. Ends:  Threaded. 

f. Disc:  Bronze. 

2.5 BRONZE GATE VALVES 

A. Class 125, NRS Bronze Gate Valves: 

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

a. Crane Co.; Crane Valve Group; Jenkins Valves. 

b. Milwaukee Valve Company. 

c. NIBCO INC. 

2. Description: 

a. Standard:  MSS SP-80, Type 1. 

b. CWP Rating:  200 psig. 

c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 

d. Ends:  Threaded 

e. Stem:  Bronze. 

f. Disc:  Solid wedge; bronze. 

g. Packing:  Asbestos free. 

h. Handwheel:  Malleable iron. 

2.6 LUBRICATED PLUG VALVES 

A. Class 125, Regular-Gland, Lubricated Plug Valves with Threaded Ends: 

1. Description: 

a. Standard:  MSS SP-78, Type II. 

b. CWP Rating:  200 psig. 

c. Body Material:  ASTM A 48/A 48M or ASTM A 126, cast iron with 
lubrication-sealing system. 

d. Pattern: Regular. 

e. Plug:  Cast iron or bronze with sealant groove. 
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2.7 GLOBE VALVES 

A. Class 125, Iron Globe Valves: 

1. Description: 

a. Standard:  MSS SP-85, Type I. 
b. CWP Rating:  200 psig  
c. Body Material:  ASTM A 126, gray iron with bolted bonnet. 
d. Ends:  Flanged. 
e. Trim:  Bronze. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

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

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

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

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

3.2 VALVE INSTALLATION 

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

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

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

3.3 ADJUSTING 

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

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 

1. Shutoff Service:  Ball valves. 

3.5 CHILLED-WATER/HOT WATER VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: 

1. Ball Valves:   

B. Pipe NPS 2-1/2 and Larger: 

1. Butterfly Valve. 
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3.6 STEAM & CONDENSATE VALVE SCHEDULE  

A. Pipe: 

1. Gate Valves 

3.7 GAS VALVE SCHEDULE 

A. Pipe 
1. Lubricated Plug Valves 

 

END OF SECTION 
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SECTION 23 05 29 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 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. Equipment supports. 

1.2 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society of The Valve and Fittings Industry Inc. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including 
comprehensive engineering analysis by a qualified professional engineer, using 
performance requirements and design criteria indicated. 

B. Structural Performance:  Hangers and supports for HVAC 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. 

3. Design seismic-restraint hangers and supports for piping and equipment  and 
obtain approval from authorities having jurisdiction. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME 
Boiler and Pressure Vessel Code. 

PART 2 - PRODUCTS 

2.1 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 or hot dipped. 
3. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
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 carbon steel. 

2.2 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, 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. 

2.3 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 

1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following : 
a. Cooper B-Line, Inc. 
b. Unistrut Corporation; Tyco International, Ltd. 
c. Wesanco, Inc. 

2. Description:  Shop- or field-fabricated pipe-support assembly for supporting 
multiple parallel pipes. 

3. Standard:  MFMA-4. 
4. Channels:  Continuous slotted steel channel with inturned lips. 
5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into 

channel slot and, when tightened, prevent slipping along channel. 
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6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of carbon steel. 
 

2.4 THERMAL-HANGER SHIELD INSERTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following 
1. Piping Technology & Products, Inc. 
2. Rilco Manufacturing Co., Inc. 
3. Value Engineered Products, Inc. 

B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-
psig (688-kPa) minimum compressive strength and vapor barrier. 

C. Insulation-Insert Material for Hot Piping:  Water-repellent treated, ASTM C 533, Type I 
calcium silicate with 100-psig (688-kPa 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 (50 mm) beyond sheet metal shield for piping operating 
below ambient air temperature. 

2.5 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. 

B. Mechanical-Expansion Anchors:  Insert-wedge-type, [zinc-coated] [stainless-] steel 
anchors, for use in hardened portland cement concrete; with pull-out, tension, and 
shear capacities appropriate for supported loads and building materials where used. 

2.6 EQUIPMENT SUPPORTS 

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

2.7 MISCELLANEOUS MATERIALS 

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

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout; suitable for interior and exterior applications. 
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1. Properties:  Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT INSTALLATION 

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

B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  
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. 

C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and 
support together on field-assembled metal framing systems. 

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

E. Fastener System Installation: 

1. Install powder-actuated fasteners for use in lightweight concrete or concrete 
slabs less than 4 inches (100 mm) 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. 

2. Install mechanical-expansion anchors in concrete after concrete is placed and 
completely cured.  Install fasteners according to manufacturer's written 
instructions. 

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

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

H. 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. 

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

J. 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.  Install concrete 
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inserts before concrete is placed; fasten inserts to forms and install reinforcing bars 
through openings at top of inserts. 

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

L. 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. 

M. 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. Option:  Thermal-hanger shield inserts may be used.  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 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 (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. 

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. 

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

3.2 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. 
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C. Provide lateral bracing, to prevent swaying, for equipment supports. 

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 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. 

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)  

C. PAINTING 

D. Touchup:  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. 

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

E. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

3.5 HANGER AND SUPPORT SCHEDULE 

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

B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not 
specified in piping system Sections. 
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C. Use hangers and supports with galvanized metallic coatings for piping and equipment 
that will not have field-applied finish. 

D. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as 
specified in piping system Sections, install the following types: 
1. 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. 

2. 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. 

3. 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. 

4. 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). 

5. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30 (DN 15 
to DN 750). 

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

7. 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. 

8. 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. 

9. 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. 

E. 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. 

F. 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. 
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. 
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G. 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 (340 kg). 
b. Medium (MSS Type 32):  1500 lb (680 kg). 
c. Heavy (MSS Type 33):  3000 lb (1360 kg). 

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. 

H. 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. 

I. 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. 
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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 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. 

7. 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. 

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

K. Comply with MFMA-103 for metal framing system selections and applications that are 
not specified in piping system Sections. 

        END OF SECTION 
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23 05 48 VIBRATION ISOLATION AND SEISMIC RESTRAINT FOR MECHANICAL COMPONENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

The work under this section is subject to the requirements of the Contract Documents, including General and 
Supplementary Conditions and Division 01 General Requirements. 

Specifications throughout all Divisions are directly applicable to this Section, and this Section is directly 
applicable to them.  In the event that this section conflicts with the requirements of other Sections, the more 
stringent criteria shall apply. 

1.2 DESCRIPTION  

This section includes requirements for vibration isolation and seismic restraint of nonstructural components in 
Risk Category I, II, III, & IV structures, including, but not limited to: 

1. Mechanical Components:  heating, ventilating, and air-conditioning systems; hot/chilled 
water systems; boiler equipment and components; tanks and vessels, etc. 

Work in this section includes the restraint design and/or equipment/product certifications to be submitted for 
review by the registered design professional.  

1.3 DEFINITIONS 

Active Equipment: Equipment with dynamic moving or rotating parts or parts that are energized.   

Attachments / Anchorage:  Means by which nonstructural components or supports for nonstructural 
components are secured or connected to the seismic-force resisting system of the structure.   Such 
attachments may include anchor bolts, welded connections, mechanical fasteners or other approved 
attachment devices.  Friction attachments do not constitute positive attachments. 

Bracing:  Struts, braces, cables, anchors or other structural elements providing restraint for nonstructural 
components to prevent excessive movement. 

Certificate of Compliance:  A certificate, supplied by the component manufacturer, stating that materials and 
products meet specified standards and project specific requirements.  

Component Importance Factor (Ip): Factor applied to a component that defines the criticality of that 
component.  This factor can be 1.0 or 1.5 in accordance with ASCE 7, Section 13.1.3. 

Consequential Damage:  Failure of an essential component caused by the failure of a separate essential or 
non-essential component due to the functional and physical interrelationship of the components, their 
supports, and their effect on each other. 

Designated Seismic System:  Those nonstructural components that require design in accordance with 
Chapter 13 of ASCE 7, for which the Component Importance Factor (Ip) is 1.5 in accordance with Section 
13.1.3 of ASCE 7. 

Special Seismic Certification:  A certificate of compliance, supplied by the manufacturer of Active Designated 
Seismic Systems, which certifies that the equipment will remain operable during the design seismic event.  
Components with hazardous contents shall be certified as maintaining containment following the design 
seismic event. 
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Structure:  The load-bearing building elements designed by the Structural Engineer of Record.  Non-load 
bearing partition walls, unreinforced slabs or other building elements that do not provide direct load transfer to 
the load-bearing building elements shall not be defined as part of the Structure and cannot be used for 
attachment of seismic restraints. 

Supports:  Those members, assemblies of members, or manufactured elements, including braces, frames, 
legs, snubbers, curbs, rails, hangers, saddles or struts, and associated fasteners that transmit loads between 
non-structural components and their attachments to the structure. 

1.4 REGULATORY REQUIREMENTS 

Comply with the 2018 International Building Code (IBC) and applicable local adopted amendments, and the 
2010 Edition on ASCE 7 (ASCE 7-16). 

1.5 DESIGN PERFORMANCE CRITERIA 

Provide seismic restraint of components to withstand seismic forces and displacements without displacing or 
overturning.  Design of seismic restraint shall be performed in accordance with the 2018 International 
Building Code and ASCE 7-16, as follows. 

1. Seismic forces shall be determined in accordance with Chapter 13 of ASCE 7-16.  The 
seismic design parameters shall be as noted in the project Structural drawing.  The 
assigned Component Importance Factors (Ip) for each component, shall be as noted on 
the project drawings and/or specifications. 

2. For components installed on the exterior of the building, wind forces shall be determined 
in accordance with Chapter 29 of ASCE 7-16, except that the uplift forces per Equation 
29.5-3 shall be considered regardless of the building height.  Reference the Structural 
drawings for wind design criteria. 

3. In addition to seismic and wind loads, consideration shall be given to other loads, 
including but not limited to dead, live, snow, etc., as applicable.  All restraint design shall 
be based on the “worst case” combination of the applicable loads as prescribed by the 
referenced code and standards. 

4. Consideration shall also be given to thermal stresses and expansion.  Where thermal 
expansion applies, seismic restraint design shall be in accordance with the requirements 
of ASME B31.1 in addition to ASCE 7. 

1.6 SUBMITTALS 

Submit under the provisions of Division 1.  Submittals shall include Product Data, Shop Drawings and the 
required Certificates of Compliance as described below.   

Shop drawings shall be prepared and sealed by a professional engineer licensed in the state of the project, 
with a minimum of 5 years of experience in the design of vibration isolation and seismic restraint.  

Vibration Isolation: submit the following, at a minimum, as applicable. 

1. Detailed schedules of equipment requiring isolation, including clearly identified equipment 
identification or tag and equipment weight, and corresponding isolator type, manufacturer 
and model number.   

2. Detailed drawings showing equipment, isolator bases and isolator spacing. 

3. Descriptive data or cut sheets for each type of isolation mounting, including: 
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a. Dimensional data 

b. Materials and finish 

c. Rated loads 

d. Rated deflection 

e. Isolator free and operating heights 

f. Detailed installations instructions 

Seismic Restraint:  submit the following, at a minimum, as applicable. 

4. Catalog cut or data sheets on specific restraints detailing compliance with the project 
drawings and specifications. 

5. Detailed schedules of components, showing seismic restraints by referencing numbered 
descriptive drawings.  

6. Description, layout and location of items to be restrained with anchorage or brace points 
noted and dimensioned. 

7. Details of anchorage or bracing at large scale with all members, parts brackets shown, 
together with all connections, fasteners, bolts, welds etc. clearly identified and specified. 

8. Numerical value of design seismic restraint loads, or controlling loads if different than 
load combinations with seismic, with all supporting calculations. 

9. Detailed installation instructions for seismic restraints. 

10. Acceptable attachment methods of seismic restraints to structural members. 

11. Fabrication details for equipment bases including dimensions, structural member sizes 
and support point locations.  

12. Details for housekeeping pads for base-mounted equipment, including reinforcing and 
doweling requirements to the building structure. 

13. Documentation verifying seismic prequalification for anchors in concrete per ACI 318 
Appendix D. 

14. Additional information as required to substantiate adequate design and installation of 
seismic restraints. 

15. Manufacturer’s Seismic Certificate of Compliance:  Each manufacturer of a Designated 
Seismic System (with a Component Importance Factor, Ip = 1.5) shall submit a 
Certificate of Compliance for review and acceptance by the design professional in 
responsible charge and the authority having jurisdiction, prior to installation. 
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PART 2 - PRODUCTS  

2.1 GENERAL  

All materials and devices shall meet or exceed all applicable referenced standards, federal, state and local 
requirements, and conform to codes and ordinances of authorities having jurisdiction.  

Refer to the “Selection Guide” table in Section 4 to correlate the specification references listed below with the 
appropriate components.   

2.2 MANUFACTURERS  

Isolators and seismic restraints shall be from the following manufacturers, or approved equals.  Unless 
otherwise noted, the isolators and seismic restraint systems listed in the following sections are as 
manufactured by Gripple and California Dynamics.   

1. Gripple 

2. California Dynamics 

3. The VMC Group 

4. Mason Industries 

5. Kinetics Noise Control 

6. Cooper B-Line 

7. CADDY  

8. Hilti 

9. Twin City Hose 

10. ASC Equipment 

2.3 EQUIPMENT BASES 

Specification B-1 (Integral Structural Steel Base): Vibration isolation manufacturer shall furnish integral 
structural steel bases.  Rectangular bases are preferred for all equipment.  Pump bases for split case pumps 
shall be large enough to support suction and discharge elbows.  All perimeter members shall be steel beams 
with a minimum depth equal to 1/10 of the longest dimension of the base.    Height saving brackets shall be 
employed in all mounting locations to provide a base clearance of 1".  Bases shall be type XW as 
manufactured by California Dynamics Corporation or approved equal.  

Specification B-2 (Wide Flange Structural Steel Base): Vibration isolation manufacturer shall furnish integral 
structural steel bases.  Rectangular bases are preferred for all equipment.  Pump bases for split case pumps 
shall be large enough to support suction and discharge elbows.  All perimeter members shall be steel beams 
with a minimum depth equal to 1/10 of the longest dimension of the base.    Height saving brackets shall be 
employed in all mounting locations to provide a base clearance of 1".  Bases shall be type XW as 
manufactured by California Dynamics Corporation or approved equal. 
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Specification B-3 (Concrete Inertia Base): Rectangular steel concrete pouring forms for floating concrete 
frames.  Bases shall be a minimum of 1/12 of the longest dimension of the base but not less than 6".  The 
base depth need not exceed 12" unless specifically recommended by the base manufacturer for mass or 
rigidity.  Forms shall include minimum concrete reinforcing consisting of 1/2" bars welded in place on 12" 
centers running both ways in a layer 1 1/2" above the bottom.    Height saving brackets shall be employed in 
all mounting locations to maintain a 1" clearance below the base.  Base shall be type CW as manufactured 
by California Dynamics Corporation or approved equal 

Specification B-4 (Non-Isolated Curbs): Non isolated seismically rated rooftop curb system that is flashed into 
roofing membrane. Air and watertight curb shall have a neoprene sponge seal at the top and be rigid enough 
to provide continuous perimeter support for rooftop unit. Curb must provide means to positively anchored to 
concrete deck, or bolted or welded directly to structural steel to withstand seismic loading. Curb shall provide 
a means by which contractor supplied insulation may be installed for thermal insulation and acoustic 
attenuation.  Curbs shall accommodate roof pitch shown on drawings.  Curb shall use minimum 18 gage 
galvanized steel and shall be designed with crossbracing required to withstand the greater of 
calculated seismic forces and /or wind loading per local building code.  Design must be certified by 
registered professional engineer.   

Specification B-5 (Isolated Curbs):  Seismically rated rooftop isolation curb system that is flashed into roofing 
membrane. Standard unit curb will not be used. Air and watertight upper curb shall have a neoprene sponge 
seal at the top and be rigid enough to provide continuous perimeter support for rooftop unit. The upper curb 
shall be supported by Spec SV-1 isolators welded or bolted to concrete deck to the structure to withstand 
seismic loading. An EPDM nylon reinforced air tight weatherproof seal shall consolidate the upper and lower 
curbs.  The lower curb shall be weatherproof and provide a base that the roofing system may be flashed to. 
Weatherproof access panel shall be provided at each isolator to allow isolator adjustment.  Isolation curb 
shall provide a means by which contractor supplied insulation may be installed for thermal insulation and 
acoustic attenuation.  Curbs shall accommodate roof pitch shown on drawings.  Isolation curb shall be 
designed to withstand the greater of calculated seismic forces and / or wind loading per local 
building code.  Design must be certified by registered professional engineer.   

Specification B-6 (Non-Isolated Rails):  Non isolated seismically rated rooftop rail system that provides 
equipment support in one roof flashed assembly with all features as described for Non-Isolated Curbs.   

Specification B-7 (Isolated Rails): Vibration isolation manufacturer shall provide steel members welded to 
height saving brackets to cradle equipment having legs or bases that do not require a complete 
supplementary base.  Members shall have sufficient rigidity to prevent misalignment of equipment.  Structural 
steel rails shall be type, WW as manufactured by California Dynamics Corporation or approved equal.                                                            

2.4 VIBRATION ISOLATION 

Specification V-1 (Pad Type Elastomer Isolator):  A pad type mounting consisting of two layers of ribbed 
elastomeric pads with a 1” sandwich pad in between. Where the equipment foot is less than 80 percent of the 
surface of the pad a load distribution plate must be added to the top of the pad.  Pads shall be VT as 
manufactured by California Dynamics Corporation or approved equal. 

Specification V-2 (Neoprene Mounting):  Elastomeric mounts single or double-deflection type, oil-resistant 
rubber or Neoprene isolator element with factory-drilled, bonded in place top plate for bolting to equipment 
and factory drilled base plate for bolting to structure.  Color-coded or otherwise identify to indicate capacity 
range.  Mount shall be type RM/RMD as manufactured by California Dynamics Corporation or approved 
equal. 
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Specification V-3 (Spring Isolator, Free Standing): Spring isolators shall be free standing and laterally stable 
without any housing and complete with a Neoprene acoustical pad between the base plate and the spring 
support.  All mountings shall have load transfer bolts that must be rigidly bolted to the equipment.  Installed 
and operating heights shall be equal.  The ratio of the spring diameter divided by the compressed spring 
height shall be no less than 0.8.  Springs shall have a minimum additional travel to solid equal to 50% of the 
rated deflection.  Mountings shall be type SSL/K, as manufactured by California Dynamics Corporation or 
approved equal. 

Specification V-4 (Elastomer Hanger Isolator): Hanger shall consist of a rigid steel frame and up to 
½”deflection of a molded Neoprene element projecting thru the steel box so that no metal-to-metal contact 
occurs.  Hanger shall be type RH/RHD as manufactured by California Dynamics Corporation or approved 
equal. 

Specification V-5 (Spring Hanger Isolator):  Hanger shall consist of a rigid steel frame containing a steel 
spring with a Neoprene sleeve to prevent steel to steel contact.  Hanger shall be type CH as manufactured by 
California Dynamics Corporation or approved equal 

Specification V-6 (Combination Spring/Elastomer Hanger Isolator): Hangers shall consist of rigid steel frames 
containing double deflection Neoprene element at the top and a steel spring and a Neoprene sleeve on 
bottom to position spring and prevent steel to steel contact.  Spring diameters and hanger box lower hole 
sizes shall be large enough to permit the hanger rod to swing through a 30o arc from side to side.  Hangers 
shall be type HH30 as manufactured by California Dynamics Corporation or approved equal. 

2.5 VIBRATION ISOLATION WITH SEISMIC RESTRAINT 

Specification SV-1 (Seismically Restrained Spring Isolator):   Restrained spring isolators shall be free 
standing, laterally stable, springs with seismic restraints.  A steel housing with cushioned lateral and vertical 
limit stops to restrict spring extension due to wind loads, or when weight is removed.  The housing shall be 
Zinc plated. A clearance of ¼” maximum shall be maintained around restraining bolts and between the 
housing and the spring so as not to interfere with the spring action.  Limit stops shall be out of contact during 
normal operation. Outside spring diameter not less than 80 percent of the compressed height of the spring at 
rated load.  Minimum additional travel 50 percent of the required deflection at rated load.  Isolator/Restraint 
shall be CQA as manufactured by California Dynamics Corporation or approved equal. This product is an 
OSHPD/ DSA approved product. Product tested for IBS. 

 

 

Specification SV-2 (Seismically Restrained Spring Isolator):  Restrained spring isolators shall be free 
standing, laterally stable, springs with seismic restraints.  A welded housing with cushioned lateral and 
vertical limit stops to restrict spring extension due to wind loads, or when weight is removed.  A clearance of 
¼” maximum shall be maintained around restraining bolts and between the housing and the spring so as not 
to interfere with the spring action.  Limit stops shall be out of contact during normal operation.  Outside spring 
diameter not less than 80 percent of the compressed height of the spring at rated load.  Minimum additional 
travel 50 percent of the required deflection at rated load.  Isolator/Restraint shall be DLK as manufactured by 
California Dynamics Corporation or approved equal. 
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Specification SV-3 (Neoprene Mounting with Seismic Snubber) JQTQN    Restrained Neoprene isolators 
shall be free standing, with a rated static defection of .5”.  A steel housing with cushioned lateral and vertical 
limit stops to restrict extension due to wind loads, or when weight is removed.  The housing shall be hot-
dipped galvanized or zinc plated.  Hot-Dipped zinc coating shall be not less than 2 ounces per square foot 
complying with ASTM A123.  A clearance of ¼ “maximum shall be maintained around restraining bolts and 
between the housing and the Neoprene so as not to interfere with the isolator action.  Limit stops shall be out 
of contact during normal operation.  Isolator/Restraint shall be JQTQN as manufactured by California 
Dynamics Corporation.              

 

2.6 SEISMIC RESTRAINTS 

Specification S-1 (Seismic Snubbers): All directional seismic restraints shall consist of interlocking steel 
members.  Neoprene shall have a minimum thickness of ¼”.  Incorporate a minimum air gap of 1/8”, and a 
maximum air gap of ¼” in the design, before contact is   made between the rigid and resilient surfaces.  
Provide removable end plate to allow inspection of internal clearances.  Restraints shall be type RL-A/ RL-C 
as manufactured by California Dynamics Corporation.  

Specification S-2 (Seismic Cable Restraints): A restraint assembly for suspended equipment, piping or 
ductwork consisting of high strength galvanized steel aircraft cable. Secure cable to structure and braced 
component through bracket or stake eye specifically designed to meet or exceed cable restraint rated 
capacity.  Cable must be manufactured to meet or exceed minimum materials and standard requirements per 
ASTM A1023 or EN-12385 or other approved equivalent. Cables shall be installed to prevent excessive 
seismic motion and so arranged that they do not engage during normal operation. Restraint shall be Gripple 
Inc. GS series. 

Specification S-3 (Rigid Brace Restraints): A restraint assembly for suspended equipment, piping or ductwork 
consisting of steel angles or channels.  Rigid braces and connecting elements shall be sized for the applied 
seismic loads.  Connecting elements shall be steel assemblies that swivel to the final installation angle and 
utilize two anchor bolts to provide proper attachment.  Restraint shall be CADDY Strut Seismic Hinge. 

2.7 FLEXIBLE PIPE CONNECTIONS 

Specification F-1 (Water Service Flexible Connection):   

1. For flanged connections – A double sphere arch rubber expansion joint constructed of 
molded reinforced neoprene with integral steel floating flanges, and designed to be 
suitable for pressures up to 225 PSI (4 to 1 safety factor) and temperatures up to 225 
degrees F.  Connectors shall have minimum movement capabilities of 1.77” 
compression, 1.18” lateral and 1.18” extension.  Connectors shall provide a minimum 35 
degree angular movement up to 6”, minimum 30 degree up to 12” and minimum 20 
degree up to 24”.  Spring loaded control units shall be furnished to limit movement to 
within allowables.  Flex connector shall be Twin City Hose Type MS2.   

2. For threaded type – A double spherical rubber hose connector, minimum 8” long, 
constructed of molded neoprene, nylon cord reinforced, with female pipe unions each 
end.  Connectors shall have a minimum movement capability of 7/8” compression, 7/8” 
lateral, ¼” extension and 20 degree angular through 1-1/4”, 13 degree through 2”, and 9 
degree through 3”.  Connectors shall be suitable for a maximum working pressure (4 to 1 
safety factor) of 150 psi and 225 degree F.  Connectors shall have cable control units to 
limit extension to ¼”. Flex connector shall be Twin City Hose Type MSFU. 

Specification F-2 (Steam and Condensate Service): 
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3. For flanged connection – A metal hose connector constructed of stainless steel hose and 
braid with carbon steel plate flanges.  Live lengths shall conform to hose minimum length 
to absorb thermal and dynamic movement. Hose axis must be perpendicular to pipe 
movement.  Flex connector shall be Twin City Hose Type TCHS-FLG. 

4. For threaded connections – A metal hose connector constructed of stainless steel hose 
and braid with carbon steel NPT threaded end fittings.  Flex connector shall be Twin City 
Hose Type TCHS-MMT. 

PART 3 - EXECUTION  

3.1 EXAMINATION 

All areas that will receive components requiring vibration isolation and seismic restraint shall be thoroughly 
examined for deficiencies that will affect the installation or performance of the installed devices.  Such 
deficiencies shall be corrected prior to the installation. 

3.2 INSTALLATION, GENERAL 

Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards 
and conform to codes and ordinances of authorities having jurisdiction.  

All installation shall be in accordance with the requirements set forth in the project drawings and 
specifications, as well as the manufacturer’s published instructions and all approved submittal data. 

Do not anchor components to gypsum wallboard, plaster or other wall or ceiling finish that has not been 
engineered to resist imposed loads. 

3.3 SEISMIC RELATIVE DISPLACEMENTS 

Provide joints with sufficient flexibility capable of accommodating seismic relative displacements as follows.   

1. Vertical ductwork, piping, etc. that pass between floors of the building, 

2. Components that pass through a building seismic or expansion joint, 

3. Rigidly supported components that connect to other components.   

3.4 POST-INSTALLED ANCHORS: 

Install all anchors in accordance with the manufacturer’s written instructions for seismic applications. 

Post-installed anchors in concrete shall be seismically prequalified for use in cracked concrete based on 
seismic testing in accordance with ACI 355.2 for mechanical anchors or ACI 355.4 for adhesive anchors. 

3.5 HOUSEKEEPING PADS 

Housekeeping pads shall be designed by the seismic restraint vendor with adequate reinforcing and doweling 
to the building structure, so as to withstand calculated seismic or wind forces.  Frictional resistance due to the 
effects of gravity shall be neglected. 

The size & thickness of the housekeeping pad shall be determined to ensure adequate edge distances & 
embedment depths in order to obtain the desired equipment anchor capacities. 
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1. If cast-in-place anchors are used, the housekeeping pads shall be sized to accommodate 
the ACI requirements for bolt coverage and embedment.   

2. If post-installed anchors are used, the minimum edge distances, embedment depths and 
concrete/masonry member thicknesses specified by the anchor manufacturer shall be 
maintained. 

3.6 MECHANICAL COMPONENTS 

Floor and base-mounted components, vibration isolated equipment and associated system vibration and 
seismic controls for connections. 

1. Design equipment anchorage to resist seismic design force in any direction. 

2. Design vibration and seismic controls for equipment to include base and isolator 
requirements. 

3. Provide flexible connections between equipment and interconnected piping to account 
for seismic relative displacements. 

4. Where equipment is mounted on vibration isolators, use isolators designed for amplified 
code forces per ASCE 7 and with demonstrated ability to resist required forces including 
gravity, operational and seismic forces. 

5. Provide supplemental steel or concrete base as required for mounting equipment on 
isolators. Where equipment is not designed to be point loaded, provide base capable of 
transferring gravity and seismic demands from equipment to isolator base plate 
anchorage. 

6. Where concrete floor thickness is less than required for expansion anchor installation per 
ICC-ESR, install through bolt in lieu of expansion anchor. Where timber/wood floor or 
other substrate is inadequate for installation of lag bolts, screws or other mechanical 
fasteners, furnish and install supplemental framing or blocking to transfer loads to 
structural elements. 

7. Housekeeping pads shall be coordinated with the seismic restraint vendor based on the 
equipment anchorage specified in the seismic design.   

Suspended mechanical equipment 

8. Design support and bracing to resist seismic design force in any direction. 

9. Provide flexible connections between equipment and interconnected piping to account 
for seismic relative displacements. 

10. Brace equipment hung from spring mounts using cable or other bracing that will not 
transmit vibration to the structure. 

Wall-mounted mechanical equipment 

11. Design attachments to resist seismic design force in any direction. 

12. Install backing plates or blocking as required to deliver load to primary wall framing 
members. Do not anchor to gypsum wallboard, plaster or other wall finish that has not 
been engineered to resist imposed loads. 

Piping 
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13. Provide supports, braces and anchors to resist gravity and seismic design forces. 

14. Design piping and piping risers to accommodate interstory drift. Provide flexible 
connections wherever relative differential movements could damage pipe in an 
earthquake. 

15. Brace every run (5’ or more in length) with two transverse and one longitudinal bracing 
locations. For pipes and connections constructed of ductile materials (copper, ductile 
iron, steel or aluminum and brazed, welded or screwed connections) provide transverse 
bracing at not more than 40 feet on center and longitudinal bracing at spacing not more 
than 80 feet on center. For pipes and their connections constructed of nonductile 
materials (cast iron, no-hub pipe and plastic or non-UL listed grooved coupling pipe), 
provide transverse bracing at not more than 20 feet on center and longitudinal bracing at 
spacing not more than 40 feet on center.  

16. Provide lateral restraint for risers at not more than 30 feet on center or as required for 
horizontal runs, whichever is less. 

17. Where piping is explicitly exempt from seismic bracing requirements,  

a. Install piping such that swinging of the pipes will not cause damaging impact with 
adjacent components. This will be considered satisfied if there is horizontal clear 
distance of at least 2/3 the hanger length between subject components.  

b. Provide flexible connections between piping and connected equipment, including 
in-line devices such as VAV boxes and reheat coils.   

Ductwork 

18. Provide supports, braces and anchors to resist gravity and seismic design forces. 

19. Design ducts and duct risers to accommodate interstory drift. Provide flexible 
connections wherever relative differential movement could damage duct in an 
earthquake 

20. Provide independent support and bracing for all in-line devices weighing more than 75 
pounds.  

3.7 QUALITY CONTROL 

Do not install vibration isolators or seismic restraints until submittals have been reviewed and approved by 
the registered design professional in responsible charge.  

Verify that multiple systems installed in the same vicinity can be installed without conflict. 

Verify tolerances between installed items to confirm that unbraced components will not come into contact with 
restrained equipment or structural members during an earthquake. When contact is possible, provide seismic 
restraint or provide justification to the satisfaction of the registered design professional in responsible charge 
of the project that contact will not cause unacceptable damage to the components in contact, their supports, 
finishes or other elements that are contacted.  

Coordinate with the Structural Engineer of Record for confirming that the structure is capable of supporting 
the loads imposed by nonstructural components. 
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No work shall be concealed by the Contractor prior to the required inspections being performed and all 
discrepancies resolved.  The Contractor shall be responsible for all repairs required to uncover uninspected 
or unapproved work. 

Where Special Inspections are required per Sections 1704 and 1705 of the 2018 International Building Code, 
the owner shall engage a qualified agency to perform the required inspections for components listed in the 
project-specific Statement of Special Inspections.   

The seismic vendor responsible for supplying the restraint devices and parts shall provide periodic on-site 
observations and provide a signed letter confirming that the seismic restraints are installed in general 
accordance with the approved submittals. 

PART 4 - EQUIPMENT ISOLATION AND SEISMIC RESTRAINT SCHEDULE 

MECHANICAL EQUIPMENT 
 

EQUIPMENT TAG Ip 

(Note 7) 

ISOLATION 
SPEC. 

ISOLATION 
DEFL. 

SEISMIC REST. 
SPEC. (NOTE 1) 

PACKAGED RTU > 5 TONS 1.0 SPEC B-5 2” SPEC B-5 

PACKAGED RTU ≤ 5 TONS 1.0 N/A N/A SPEC B-4 

GAS PACKAGED RTU > 5 TONS 1.5 SPEC B-5 2” SPEC B-5 

GAS PACKAGED RTU ≤ 5 TONS 1.5 N/A N/A SPEC B-4 

SUSPENDED GAS FURNACE 1.5 V-6 1.5” SPEC S-2 

AIR HANDLING UNITS (FLOOR) 1.0 INTERNAL BY 
MANUF. 

2” NOTE 2 

AIR HANDLING UNITS (SUSP) 1.0 SPEC V-6 
SPEC F-1 

1.5” SPEC S-2 

VAV (NON-FAN) TERM. <  20 LB 1.0 NONE N/A NONE 

VAV (NON-FAN) TERM. ≥ 20 LB 1.0 NONE N/A SPEC S-2 

FAN VAV TERMINAL 1.0 SPEC V-4 .5” SPEC S-2 

INLINE FANS  1.0 SPEC V-6 1.5” SPEC S-2 

CEILING FANS  ≥ 20 LB 1.0 SPEC V-4 .5” SPEC S-2 

CEILING FANS < 20 LB 1.0 NONE N/A NONE 

CEILING DIFFUSERS ≥ 20 LB  1.0 NONE N/A (2) 12 GA WIRES 
TO STRUCTURE, 
NOTE 3 

WALL MOUNT FANS 1.0 NONE N/A NOTE 2 

UTILITY SETS (FLOOR) 1.0 SPEC SV-2 1” SPEC SV-2 

UTILITY SETS (SUSP.) 1.0 SPEC V-6 1.5” SPEC S-2 

ROOF EXHAUST FANS 1.0 NONE N/A SPEC B-3 

CHILLERS (ON GRADE) 1.0 SPEC V-1 
SPEC F-1 

.15” NOTE 2 

CHILLERS  (ROOF OR UPPER 1.0 SPEC SV-1 2.0” SPEC SV-1 
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EQUIPMENT TAG Ip 

(Note 7) 

ISOLATION 
SPEC. 

ISOLATION 
DEFL. 

SEISMIC REST. 
SPEC. (NOTE 1) 

FLOORS) SPEC F-1 

BOILERS (ON GRADE) 1.5 SPEC V-1 .15” NOTE 2 

BOILERS (UPPER FLOORS) 1.5 SPEC SV-1 1” SPEC SV-1 

PUMPS (ON GRADE) < 7.5 HP 1.0 NONE 
SPEC F-1 

.15” NOTE 2 

PUMPS (ON GRADE) ≥ 7.5 HP 1.0 SPEC B-3 & 
SV-2 
SPEC F-1 

1” SPEC SV-2 

PUMPS (UPPER FLOORS) 1.0 SPEC B-3 & 
SV-2 
SPEC F-1 

2” SPEC SV-2 

INLINE PUMPS < 5 HP 1.0 NONE N/A SPEC S-2 

INLINE PUMPS ≥ 5 HP 1.0 SPEC V-6 1.5” SPEC S-2 

AIR SEPARATORS & EXP. TANKS 1.0 NONE N/A NOTE 2 

COOLING TOWERS (ON GRADE) 1.0 SPEC B-2 & V-
1 

.15” NOTE 2 

COOLING TOWERS (ROOF) 1.0 SPEC B-2 & 
SV-1 

2.0” SPEC SV-1 

GAS PIPING 1.5 NOTE 6 N/A SPEC S-2 

GAS UNIT HEATERS (SUSP) 1.5 NONE N/A SPEC S-2 

UNIT HEATERS (SUSP) 1.0 NONE N/A SPEC S-2 

CABINET HEATERS (SUSP) 1.0 SPEC V-4 .5” SPEC S-2 

FAN COILS 1.0 SPEC V-6 1.5” SPEC S-2 

KITCHEN HOODS 1.5 NONE N/A SPEC S-2 

WATER SOURCE HEAT PUMP 
(SUSP.) 

1.0 SPEC V-6 1.5” SPEC S-2 

WATER SOURCE HEAT PUMP 
(FLOOR) 

1.0 SPEC SV-2 1” SPEC SV-2 

STEAM TO WATER HEAT 
EXCHANGER 

1.5 NONE N/A NOTE 2 

WATER TO WATER HEAT 
EXHANGER 

1.0 NONE N/A NOTE 2 

EXPANSION TANK 1.0 NONE N/A NOTE 2 

AIR SEPARATOR 1.0 NONE N/A NOTE 2 

FLASH TANK 1.5 NONE N/A NOTE 2 

CHILLED WATER PIPING 1.0 NOTE 6 N/A SPEC S-2 

HOT WATER PIPING 1.0 NOTE 6 N/A SPEC S-2 

STEAM PIPING 1.5 NOTE 6 N/A NOTE 4 

STEAM CONDENSATE PIPING 1.5 NOTE 6 N/A NOTE 4 
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EQUIPMENT TAG Ip 

(Note 7) 

ISOLATION 
SPEC. 

ISOLATION 
DEFL. 

SEISMIC REST. 
SPEC. (NOTE 1) 

DUCT 1.0 NOTE 6 N/A SPEC S-2 

DUCT USED FOR SMOKE CONTROL 1.5 NOTE 6 N/A SPEC S-2 

 
NOTES 
1. Seismic restraint to be provided only where required in the project drawings. 
2. Anchor bolts for non-isolated and internally isolated equipment shall be sized by the seismic engineer. If 

required, Spec. S-1 snubbers or Spec. S-2 cable kits shall be provided. 
3. Diffusers weighing less than 20 lbs must be mechanically attached to ceiling grid, but require no 

additional restraint. 
4. Anchors and guides to be designed to accommodate thermal expansion and seismic loads. 
5. Roof curbs provided by others must be certified by a professional engineer for the required seismic loads. 
6. Provide Type V-6 isolator for the first three hangers from all equipment specified with spring isolation. 
7. All components in a Risk Category IV building are assigned a Component Importance Factor Ip equal to 

1.5. 
 
 
  

END OF SECTION 
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SECTION 23 05 53 –  MECHANICAL IDENTIFICATION 

 

PART 1 - GENERAL 
 
 
 
1.1 SECTION INCLUDES 

 

A. This Section includes mechanical identification materials and devices. 

 

1.2 SUBMITTALS 
 

A. Submittals and shop drawings shall be submitted in accordance with Division 

01.  

 
B. Product Data: For identification materials and devices. 

 
 
 
1.3 QUALITY ASSURANCE 

 

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

for lettering size, length of color field, colors, and viewing angles of identification 

devices. 
 

 

1.4 SEQUENCING AND SCHEDULING 
 

A. Coordinate installation of identifying devices with completion of covering and 

painting of surfaces where devices are to be applied. 

 
B. Install identifying devices before installing acoustical ceilings and similar conceal-

ment. 
 
 
 
PART 2 - PRODUCTS 

 
 
 
2.1 IDENTIFYING DEVICES AND LABELS 

 

A. General: Products specified are for applications referenced in other Division 23 

Sections.  If more than single type is specified for listed applications, selection is 

Installer's option. 

 
B. Equipment Nameplates:  Metal permanently fastened to equipment with data 

engraved or stamped. 

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

operating and power characteristics, labels of tested compliances, and es-

sential data. 
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2. Location: Accessible and visible. 

 

C. Snap-On Plastic Pipe Markers: Manufacturer's standard preprinted, semirigid, 
snap-on type. Include color-coding according to ASME A13.1, unless otherwise in-
dicated. 

 

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

coded, pressure-sensitive, vinyl type with permanent adhesive. 

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

pipe markers, extending 360 degrees around pipe at each location. 

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

band or strip-type pipe markers, at least 3 times letter height and of length re-

quired for label. 

 
G. Lettering: Use piping system terms indicated and abbreviate only as necessary 

for each application length. 

1. Arrows:  Either integrally with piping system service lettering, to accom-

modate both directions, or as separate unit, on each pipe marker to indi-

cate direction of flow. 

 
H. Plastic Tape: Manufacturer's standard color-coded, pressure-sensitive, self-

adhesive, vinyl tape, at least 3 mils (0.08 mm) thick. 

1. Width:  1-1/2 inches (40 mm) on pipes with OD, including insulation, less 

than 6 inches (150 mm); 2-1/2 inches (65 mm) for larger pipes. 

2. Color:  Comply with ASME A13.1, unless otherwise indicated. 
 

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

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

mm) hole for fastener. 

1. Material:  3/32-inch- (2.4-mm-) thick plastic laminate with 2 black surfaces 

and a white inner layer. 

2. Material:  Valve manufacturer's standard solid plastic. 

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

4. Shape:  As indicated for each piping system. 
 

J. Valve Tag Fasteners:  Brass, wire-link or beaded chain; or brass S-hooks. 
 

K. Valve Tag Fasteners:  Brass, wire-link chain; beaded chain; or S-hooks. 
 

L. Access Panel Markers: 1/16-inch- (2-mm-) thick, engraved plastic-laminate 

markers, with abbreviated terms and numbers corresponding to concealed valve. 

Provide 1/8-inch (3-mm) center hole for attachment. 

 
M. Engraved Plastic-Laminate Signs: ASTM D 709, Type I, cellulose, paper-base, 

phenolic-resin-laminate engraving stock; Grade ES-2, black surface, black phenolic 

core, with white melamine subcore, unless otherwise indicated. Fabricate in sizes 
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required for message. Provide holes for mechanical fastening. 

1. Engraving: Engraver's standard letter style, of sizes and with terms to match 

equipment identification. 

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

 

N. Plastic Equipment Markers: Manufacturer's standard laminated plastic, in the fol-

lowing color codes: 

1. Green:  Cooling equipment and components. 

2. Yellow:  Heating equipment and components. 

3. Brown:   Energy reclamation equipment and components. 
4. Blue:  Equipment and components that do not meet criteria above. 

5. Hazardous Equipment:  Use colors and designs recommended by ASME 
A13.1. 

6. Terminology:  Match schedules as closely as possible.  Include the following: 

a. Name and plan number. 

b. Equipment service. 

c. Design capacity. 

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

conditions, and speed. 

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

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

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

plasticized card stock with mat finish suitable for writing. 

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

3 Fasteners:  Brass grommets and wire. 

4 Nomenclature:   Large-size primary caption such as DANGER, CAUTION, or 

DO NOT OPERATE. 

 
P. Lettering and Graphics: Coordinate names, abbreviations, and other designa-

tions used in mechanical identification with corresponding designations indicat-

ed. Use numbers, letters, and terms indicated for proper identification, opera-

tion, and maintenance of mechanical systems and equipment. 

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

systems of same name are indicated. 
 

 

PART 3 - EXECUTION 
 
 
 
3.1 LABELING AND IDENTIFYING PIPING A N D  D U C T  SYSTEMS 

 

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

 

B. Marker Type:  Stenciled markers complying with ASME A13.1. 
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C. Marker Type: Plastic markers, with application systems. Install on pipe insulation 

segment where required for hot, non-insulated pipes. 

 
D. Fasten markers on pipes and insulated pipes smaller than 6 inches (150 mm) OD 

by one of following methods: 

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

2. Adhesive lap joint in pipe marker overlap. 

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

4. Taped to pipe or insulation with color-coded plastic adhesive tape, not less 

than 3/4 inch (20 mm) wide, lapped a minimum of 1-1/2 inches (40 mm) 

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

 
E. Fasten markers on pipes and ducts 6 inches and larger by one of following meth-

ods: 

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

2. Taped to pipe or insulation with color-coded plastic adhesive tape, not less 

than 1-1/2 inches (40 mm) wide, lapped a minimum of 3 inches (75 mm) 

at both ends of pipe marker, and covering full circumference of pipe. 
3. Strapped to pipe or insulation with manufacturer's standard stainless-steel 

bands. 

F. Locate markers and color bands where piping is exposed in finished spaces; ma-

chine rooms; accessible maintenance spaces such as shafts, tunnels, and ple-

nums; and exterior non-concealed locations according to the following: 

1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and termi-
nal units. 

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

3. Near penetrations through walls, floors, ceilings, or non-accessible enclo-
sures. 

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

concealed piping. 

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

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

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

7. On piping above removable acoustical ceilings, except omit intermediate-

ly spaced markers. 
 

 

3.2 VALVE TAGS 
 

A. Install on control valves and control devices in piping systems. 
 

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

scheme, and with captions similar to those indicated in the following: 

 
C. Tag Material:  Brass. 

 

D. Tag Size and Shape:  According to the following: 
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1. Cold and Hot Water:  2 inches (50 mm), round. 
 

E. Tag Color:  According to the following: 

1. Cold Water:  Blue. 

2. Hot Water: Red 
 

F. Letter Color:  According to the following: 

1. Cold and Hot Water:  White. 
 

G. Install mounted valve schedule in each major equipment room. 
 
 
 
3.3 EQUIPMENT SIGNS AND MARKERS 

 

A. Install engraved plastic-laminate signs or equipment markers on or near each 

major item of mechanical equipment.  Include signs for the following general 

categories of equipment: 

1. Pumps, chillers, condensers, and similar motor-driven units. 

2. Heat exchangers, cooling towers, and similar equipment. 

3. Fans, blowers, primary balancing dampers, and mixing boxes. 

4. Water-treatment systems, and similar equipment. 
 

B. Plasticized Tags: Install within concealed space, to reduce amount of text in ex-

posed sign outside concealment, if equipment to be identified is concealed 

above acoustical ceiling or similar concealment. 
1. Identify operational valves and similar minor equipment items located in 

unoccupied spaces, including machine rooms, by installing plasticized tags. 
 

3.4 ADJUSTING AND CLEANING 
 

A. Relocate mechanical identification materials and devices that have become visu-

ally blocked by work of this or other Divisions. 

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

 
 
 

END OF SECTION 
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SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 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 entity engaged to perform TAB Work. 

1.2 INFORMATIONAL SUBMITTALS 

A. Qualification Data:   submit documentation that the TAB contractor and this Project's 
TAB team members meet the qualifications specified in "Quality Assurance" Article. 

B. Certified TAB reports. 

C. Sample report forms. 

D. 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. 

1.3 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC or NEBB 

B. Certify TAB field data reports and perform the following: 

1. Review field data reports to validate accuracy of data and to prepare certified 
TAB reports. 

2. Certify that the TAB team complied with the approved TAB plan and the 
procedures specified and referenced in this Specification. 

C. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in 
ASHRAE 111, Section 5, "Instrumentation." 
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D. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air 
Balancing." 

E. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 
Section 6.7.2.3 - "System Balancing." 

1.4 PROJECT 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. 

B. Partial Owner Occupancy:  Owner may occupy completed areas of building before 
Substantial Completion.  Cooperate with Owner during TAB operations to minimize 
conflicts with Owner's operations. 

1.5 COORDINATION 

A. Notice:  Provide seven days' advance notice for each test.  Include scheduled test 
dates and times. 

B. Perform TAB after leakage and pressure tests on distribution systems have been 
satisfactorily completed. 

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 systems for installed balancing devices, such as test ports, gage cocks, 
thermometer wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers.  Verify that locations of these balancing devices 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 equipment performance data including fan and pump curves. 
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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. 

F. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

G. Examine test reports specified in individual system and equipment Sections. 

H. Examine HVAC equipment and filters and verify that bearings are greased, belts are 
aligned and tight, and equipment with functioning controls is ready for operation. 

I. Examine terminal units, such as variable-air-volume boxes, and verify that they are 
accessible, and their controls are connected and functioning. 

J. Examine strainers.  Verify that startup screens are replaced by permanent screens with 
indicated perforations. 

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

L. Examine operating safety interlocks and controls on HVAC equipment. 

M. 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 strategies and step-by-step procedures. 

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

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

and access to balancing devices is provided. 
7. Windows and doors can be closed so indicated conditions for system operations 

can be met. 



P.N.  23144  HNA Engineering, PLLC  
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 23 05 93 - 4 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

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

1. Comply with requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing." 

B. 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. 

C. Take and report testing and balancing measurements in inch-pound units. 

3.4 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following 
data: 

1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds 
varying from minimum to maximum.  Test the manual bypass of the controller to prove 
proper operation.  Record observations including name of controller manufacturer, 
model number, serial number, and nameplate data. 

3.5 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Measure, adjust, and record the following data for each water coil: 

1. Entering- and leaving-water temperature. 
2. Water flow rate. 
3. Water pressure drop. 
4. Dry-bulb temperature of entering and leaving air. 
5. Wet-bulb temperature of entering and leaving air for cooling coils. 
6. Airflow. 
7. Air pressure drop. 

B. Measure, adjust, and record the following data for each electric heating coil: 

1. Nameplate data. 
2. Airflow. 
3. Entering- and leaving-air temperature at full load. 
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4. Voltage and amperage input of each phase at full load and at each incremental 
stage. 

5. Calculated kilowatt at full load. 
6. Fuse or circuit-breaker rating for overload protection. 

C. Measure, adjust, and record the following data for each steam coil: 

1. Dry-bulb temperature of entering and leaving air. 
2. Airflow. 
3. Air pressure drop. 
4. Inlet steam pressure. 

D. Measure, adjust, and record the following data for each refrigerant coil: 

1. Dry-bulb temperature of entering and leaving air. 
2. Wet-bulb temperature of entering and leaving air. 
3. Airflow. 
4. Air pressure drop. 
5. Refrigerant suction pressure and temperature. 

3.6 TOLERANCES 

A. Set HVAC system's air flow rates and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10  
2. Air Outlets and Inlets: Plus or minus 10 percent 

3.7 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 
systems' balancing devices.  Recommend changes and additions to systems' 
balancing devices to facilitate proper performance measuring and balancing.  
Recommend changes and additions to HVAC systems and general construction to 
allow access for performance measuring and balancing devices. 

3.8 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. 

B. Final Report Contents:  In addition to certified field-report data, include the following: 

1. Pump curves. 
2. Fan curves. 
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3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. 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 contractor. 
3. Project name. 
4. Project location. 
5. Designer’s name and address. 
6. Contractor's name and address. 
7. Report date. 
8. Signature of TAB supervisor who certifies the report. 
9. Table of Contents with the total number of pages defined for each section of the 

report.  Number each page in the report. 
10. 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. 

11. Nomenclature sheets for each item of equipment. 
12. Data for terminal units, including manufacturer's name, type, size, and fittings. 
13. Notes to explain why certain final data in the body of reports vary from indicated 

values. 
14. Test conditions for fans and pump 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. Face and bypass damper settings at coils. 
e. Fan drive settings including settings and percentage of maximum pitch 

diameter. 
f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  
Present each system with single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 
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8. Test Data (Indicated and Actual Values): 

a. Total air flow rate in cfm (L/s). 
b. Total system static pressure in inches wg (Pa). 
c. Fan rpm. 
d. Discharge static pressure in inches wg (Pa). 
e. Filter static-pressure differential in inches wg (Pa). 
f. Preheat-coil static-pressure differential in inches wg (Pa). 
g. Cooling-coil static-pressure differential in inches wg (Pa). 
h. Heating-coil static-pressure differential in inches wg (Pa). 
i. Outdoor airflow in cfm (L/s). 
j. Return airflow in cfm (L/s). 
k. Outdoor-air damper position. 
l. Return-air damper position. 
m. Vortex damper position. 

E. 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. Air flow 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). 
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). 

F. Gas- and Oil-Fired Heat Apparatus Test Reports:  In addition to manufacturer's factory 
startup equipment reports, include the following: 
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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 rpm. 
k. Motor volts, phase, and hertz. 
l. Motor full-load amperage and service factor. 
m. Sheave make, size in inches (mm), and bore. 
n. Center-to-center dimensions of sheave, and amount of adjustments in 

inches (mm). 

2. Test Data (Indicated and Actual Values): 

a. Total air flow 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). 

G. 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: 
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a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches (mm), and bore. 
f. 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 rpm. 
d. Discharge static pressure in inches wg (Pa). 
e. Suction static pressure in inches wg (Pa). 

H. 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. 
d. Coil make and size. 
e. Flowmeter type. 

2. Test Data (Indicated and Actual Values): 

a. Air flow rate in cfm (L/s). 
b. Entering-air temperature in deg F (deg C). 
c. Leaving-air temperature in deg F (deg C). 

I. Instrument Calibration Reports: 

1. Report Data: 

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

2. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing 
shall be considered incomplete and shall be rejected. 

J. TAB Work will be considered defective if it does not pass final inspections.  If TAB 
Work fails, proceed as follows: 
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1. 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. 

2. If the second final inspection also fails, Owner may contract the services of 
another TAB contractor to complete TAB Work according to the Contract 
Documents and deduct the cost of the services from the original TAB contractor's 
final payment. 

K. Prepare test and inspection reports. 

3.9 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 
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SECTION 23 07 13 - DUCT INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulating the following duct services: 

1. Indoor/Outdoor supply, return, exhaust and outdoor air duct insulation. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-
vapor permeance thickness, and jackets (both factory- and field-applied if any). 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency acceptable to authorities 
having jurisdiction indicating, interpreting, and certifying test results for compliance of 
insulation materials, sealers, attachments, cements, and jackets, with requirements 
indicated.  Include dates of tests and test methods employed. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an 
apprenticeship program or another craft training program certified by the Department of 
Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing agency acceptable 
to authorities having jurisdiction.  Factory label insulation and jacket materials and 
adhesive, mastic, tapes, and cement material containers, with appropriate markings of 
applicable testing agency. 

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

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-
developed index of 150 or less. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with duct Installer for duct insulation application.  
Before preparing ductwork Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 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 shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. 
Comply with ASTM C534, Type II for sheet materials. 
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1. Products:  Subject to compliance with requirements provide the following provide 
one of the following: 
a. Aeroflex USA 
b. Armacell LLC 
c. K-Flex USA 

G. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting 
resin and factory applied FSK jacket. Comply with ASTM C553, Type II and ASTM 
C1290. Factory-applied jacket requirements are specified in “Factory-Applied Jackets” 
article. 

1. Products:  Subject to compliance with requirements provide the following provide 
one of the following: 

a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Owens Corning; SOFTR All-Service Duct Wrap. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 

1. Products:  Subject to compliance with requirements provide one of the following 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-127.Eagle Bridges - Marathon Industries; 225. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; 85-03/11-70.Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

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. Products:  Subject to compliance with requirements, provide one of the following 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-82. 

b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-50.Mon-Eco Industries, Inc.; 22-25. 

2.3 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-PRF-19565C, Type II. 
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1. For indoor applications, use mastics that have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2.4 JACKETS 

A. Insulation system indicate with 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 C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 

4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene 
backing; complying with ASTM C 1136, Type II. 

5. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms (0.86 metric perm) 
when tested according to ASTM E 96/E 96M, Procedure A, and complying with 
NFPA 90A and NFPA 90B. 

2.5 FIELD-APPLIED JACKETS 

A. Metal Jacket: 

1. Provide jacket equal to RPR Products Insul-Mate. 
2. Aluminum Jacket: Comply with ASTM B209 Alloy 3003 with an H-14 temper, 

0.016” thickness 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

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

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials 
that will adversely affect insulation application. 
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3.3 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, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

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. 

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. 
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) on center. 

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 2 inches (50 mm) on center 

a. For below ambient services, apply vapor-barrier mastic over staples. 
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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 more than 75 percent of its 
nominal thickness. 

M. Finish installation with systems at operating conditions.  Repair joint separations and 
cracking due to thermal movement. 

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. 

3.4 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). 
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1. Comply with requirements in Section 078413 "Penetration Firestopping" 
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." 

3.5 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Blanket 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) on center 

b. On duct sides with dimensions larger than 18 inches (450 mm), place pins 
16 inches (400 mm) on center 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 over compress 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) on center  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. 
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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 shall 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) on center 

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. 

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) on center 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

3.7 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) on center and at end joints. 
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3.8 FIRE-RATED INSULATION SYSTEM INSTALLATION 

A. Where fire-rated insulation system is indicated, secure system to ducts and duct 
hangers and supports to maintain a continuous fire rating. 

B. Insulate duct access panels and doors to achieve same fire rating as duct. 

C. Install firestopping at penetrations through fire-rated assemblies.  Fire-stop systems 
are specified in Section 078413 "Penetration Firestopping." 

3.9 FINISHES 

A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with 
paint system identified below 

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. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two 
coats of insulation manufacturer's recommended protective coating. 

C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets. 

3.10 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 

1. All Supply return, and Outside air ducts. 
2. Exhaust ductwork connected to energy recovery unit.  

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. 
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3.11 DUCT AND PLENUM INSULATION SCHEDULE 

A. Round and rectangular concealed and exposed single wall supply, outside air, return, 
make-up air, and exhaust air ducts connected to ERV shall be insulated with 2” thick 
mineral fiber blanket with “K” value of 0.27 at 75 degrees F, minimum 0.75 PCF 
density, and minimum “R” value of 6.0 per inch thickness at 75 degrees F. 

B. Plenums shall be insulated with 1” thick flexible elastomeric insulation with “R” value of 
4.2 per inch thickness at 75 degrees F, maximum service temperature of 250 degrees 
F, maximum density of 3.0 PCF, maximum velocity on coated air side of 6,000 FPM.  

C. Internal lining in rectangular supply, outside air, return, make-up air, and exhaust ducts 
connected to ERV shall be 2” thick flexible elastomeric with “R” value of 6 at 75 
degrees F, maximum service temperature of 250 degrees F, maximum density of 3.0 
PCF, maximum velocity on coated air side of 6,000 FPM. 

D. Return transfer ducts shall be lined with 1” thick flexible elastomeric with “R” value of 
4.2 per inch thickness at 75 degrees F, maximum service temperature of 250 degrees 
F, maximum density of 3.0 PCF, maximum velocity on coated air side of 6,000 FPM.   

E. Round and rectangular concealed and exposed single wall supply, outside air, return, 
make-up air, and exhaust air ducts connected to ERV located outside of building shall 
be insulated with 3” thick mineral fiber blanket with minimum “R” value of 8.0 per inch 
thickness at 75 degrees F. 

END OF SECTION 
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SECTION 23 07 19 - HVAC PIPING INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulating HVAC piping systems 
 
1.2 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency acceptable to authorities 
having jurisdiction indicating, interpreting, and certifying test results for compliance of 
insulation materials, sealers, attachments, cements, and jackets, with requirements 
indicated.  Include dates of tests and test methods employed. 

C. Field quality-control reports. 

1.3 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an 
apprenticeship program or another craft training program certified by the Department of 
Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing and inspecting 
agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket 
materials and adhesive, mastic, tapes, and cement material containers, with 
appropriate markings of applicable testing agency. 

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

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

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

1.5 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 
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B. Coordinate clearance requirements with piping Installer for piping insulation 
application.  Before preparing piping Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.6 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping 
Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and 
"Outdoor, Underground Piping Insulation Schedule" articles for where insulating 
materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  
Comply with ASTM C 534, Type I for tubular materials. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

G. Mineral-Fiber, Preformed Pipe Insulation: 

1. Products:  Subject to compliance with requirements, provide one of the following: 
a. Johns Manville; Micro-Lok. 
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b. Knauf Insulation; 1000-Degree Pipe Insulation. 
c. Owens Corning; Fiberglas Pipe Insulation. 

 
2. Preformed Pipe Insulation: Type I, Grade A with factory applied ASJ 
3. 850 deg F (454 deg C). 
4. Factory fabricate shapes in accordance with ASTM C450 and ASTM C585. 
5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 

Article. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 

2.3 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2.4 FACTORY-APPLIED JACKETS 

A.  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 C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 
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3.2 PREPARATION 

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

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, 
apply a corrosion coating to insulated surfaces as follows: 
1. Carbon Steel:  Coat carbon steel operating at a service temperature 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 trade 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. 

3.3 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 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, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

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

G. Keep insulation materials dry during application and finishing. 

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

I. Install insulation with least number of joints practical. 

J. 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 
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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. 

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

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
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) on center 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Install 
insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to 
receive self-sealing lap.  Staple laps with outward clinching staples along edge at 
2 inches (50 mm) on center. 

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 pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and 
cracking due to thermal movement. 

O. 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. 

P. For above-ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 
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3.4 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 Underground Exterior Wall Penetrations:  Terminate insulation 
flush with sleeve seal.  Seal terminations with flashing sealant. 

C. 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. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 
Rated):  Install insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 
continuously through penetrations of fire-rated walls and partitions. 

1. Comply with requirements in Division 07 for firestopping and fire-resistive joint 
sealers. 

F. Insulation Installation at Floor Penetrations: 

1. Pipe:  Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 

Division 07. 

3.5 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. 
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B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 

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

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as 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 or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two 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 or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two 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 and unions using a section of oversized preformed pipe 
insulation.  Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

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. 

9. Stencil or label the outside insulation jacket of each union with the word "union."  
Match size and color of pipe labels. 

C. 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. 

D. Install removable insulation covers at locations indicated.  Installation shall conform to 
the following: 
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1. Make removable flange and union insulation from sectional pipe insulation of 
same thickness as that on adjoining pipe.  Install same insulation jacket as 
adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union long at least two 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. 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

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

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

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

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

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe insulation 
when available. 
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2. When preformed valve covers are not available, install cut sections of pipe and 
sheet insulation to valve body.  Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 

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

recommended adhesive to eliminate openings in insulation that allow passage of 
air to surface being insulated. 

3.7 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

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

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient surfaces, secure 
laps with outward-clinched staples at 6 inches (150 mm) on center 

4. For insulation with factory-applied jackets on below-ambient surfaces, do not 
staple longitudinal tabs.  Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

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

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

circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch (25 mm), and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available. 

2. When preformed insulation elbows and fittings are not available, install mitered 
sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  
Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available. 

2. When preformed sections are not available, install mitered sections of pipe 
insulation to valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation. 
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4. Install insulation to flanges as specified for flange insulation application. 

3.8 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range.  If more than one material is 
listed for a piping system, selection from materials listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the 
following: 

1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

3.9 PIPING INSULATION SCHEDULE 

A. All chilled water piping shall be insulated with mineral-fiber, preformed pipe insulation 
1-1/2” thick. 

B. Hot water piping 3/4” and smaller than 1-1/2” shall be insulated with mineral-fiber, 
preformed pipe insulation 1-1/2” thick. 

C. Hot water piping greater than or equal to 1-1/2” shall be insulated with mineral-fiber, 
preformed pipe insulation 2” thick. 

D. Condensate piping shall be insulated with mineral-fiber, preformed pipe insulation 1” 
thick. 

E. Refrigerant piping and tubing shall be insulated with flexible elastomeric insulation 1/2” 
thick. Insulation located outdoors shall be rated for outdoor applications. Exterior 
exposed insulation shall be UV resistant or provided with paint/shield to protect against 
UV radiation. 

3.10 INDOOR, 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. Provide as indicated on drawings. 

END OF SECTION 
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SECTION 23 21 13 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installers of Pressure-Sealed Joints:  Installers shall be certified by pressure-seal 
joint manufacturer as having been trained and qualified to join piping with 
pressure-seal pipe couplings and fittings. 

2. Fiberglass Pipe and Fitting Installers:  Installers of RTRF and RTRP shall be 
certified by manufacturer of pipes and fittings as having been trained and 
qualified to join fiberglass piping with manufacturer-recommended adhesive. 

B. Steel Support Welding:  Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

C. Pipe Welding:  Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code:  Section IX. 

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, 
and installation. 

2. Certify that each welder has passed AWS qualification tests for welding 
processes involved and that certification is current. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

2.2 COPPER TUBE AND FITTINGS 

A. Piping 2” and smaller. 

B. Type L hard drawn seamless copper tubing 

2.3 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; welded and seamless, 
Grade B, and wall thickness as indicated in "Piping Applications" Article. 

 
2.4 PLASTIC PIPE AND FITTINGS 

A. CPVC Plastic Pipe: ASTM F441/F441M, with wall thickness as indicated in "Piping 
Applications" Article. 
1. Source Limitations: Obtain CPVC plastic pipe from single manufacturer. 
2. CPVC Socket Fittings: ASTM F439 for Schedule 80 
3. CPVC Threaded Fittings: ASTM F437, Schedule 80. 
4. CPVC Piping System: ASTM D2846/D2846M, SDR, pipe and socket fittings. 
5. CPVC Tubing System: ASTM D2846/D2846M, SDR, tube and socket fittings. 

2.5 PVC PIPE AND FITTINGS 

A. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," 
for plastic piping components. Include marking with "NSF-dwv" for plastic drain, waste, 
and vent piping and "NSF-sewer" for plastic sewer piping. 
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B. Solid-Wall PVC Pipe: ASTM D 2665, drain, waste, and vent. 

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

D. Adhesive Primer: ASTM F 656. 

E. Solvent Cement: ASTM D 2564. 
 

2.6 JOINING MATERIALS 

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

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness 
unless otherwise indicated. 

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

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

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

C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux 
according to ASTM B 813. 

D. Brazing Filler Metals:  AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for 
joining copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

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

F. Solvent Cements for CPVC Piping: ASTM F493. 

2.7 DIELECTRIC FITTINGS 

A. General Requirements:  Assembly of copper alloy and ferrous materials with 
separating nonconductive insulating material.  Include end connections compatible with 
pipes to be joined. 

B. Dielectric Unions: 

1. Description: 

a. Standard:  ASSE 1079. 

b. Pressure Rating:  125 psig . 

c. End Connections:  Solder-joint copper alloy and threaded ferrous. 

2.8 Plastic-to-Metal Transition Fittings: 
1. Source Limitations: Obtain plastic-to-metal transition fittings from single 

manufacturer. 
2. Description: 

a. CPVC one-piece fitting with manufacturer's Schedule 80 equivalent 
dimensions. 

b. One end with threaded brass insert and one solvent-cement-socket end. 
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3. One-piece fitting with one threaded brass or copper insert and one solvent-
cement-joint end of material and wall thickness to match plastic pipe material. 

B. Plastic-to-Metal Transition Unions: 
1. Source Limitations: Obtain plastic-to-metal transition unions from single 

manufacturer. 
2. Brass or copper end and solvent-cement-joint end of union to match pipe in size 

and material. 
3. Description: 

a. CPVC four-part union. 
b. Brass threaded end. 
c. Solvent-cement-joint plastic end. 
d. Rubber O-ring. 
e. Union nut. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Water piping, aboveground, NPS 2 shall be the following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings. 

B. Water piping, aboveground, NPS 2-1/2 and larger shall be: 

1. Schedule 40 seamless steel pipe, wrought-steel fittings and wrought-cast or 
forged-steel flanges and flange fittings, and welded and flanged joints. 

C. Pool Heat Recovery Piping 
1. Schedule 80 CPVC plastic pipe and fittings and solvent welded joints. 

D. Glycol Piping 
1. Schedule 80 CPVC plastic pipe and fittings and solvent welded joints. 

E. Condensate Piping 
1. Solid-wall PVC pipe, PVC socket fittings, and solvent-cemented joints. 

3.2 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
piping systems.  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. 
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I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system 
operating pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and 
servicing of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded 
nipple with cap, at low points in piping system mains and elsewhere as required for 
system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install valves according to Section 230523 "General-Duty Valves for HVAC Piping." 

P. Install shutoff valve immediately upstream of each dielectric fitting. 

3.3 PIPE JOINT CONSTRUCTION 

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 pipe and fittings before 
assembly. 

C. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 
to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook," using lead-free solder alloy complying with ASTM B 32. 

D. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter, using copper-phosphorus brazing filler metal complying with 
AWS A5.8/A5.8M. 

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

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. 

F. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using qualified 
processes and welding operators according to "Quality Assurance" Article. 

G. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for 
service application.  Install gasket concentrically positioned.  Use suitable lubricants on 
bolt threads. 

3.4 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than 
equipment connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install bypass piping with globe valve around control valve.  If parallel control valves 
are installed, only one bypass is required. 
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D. Install ports for pressure gages and thermometers at coil inlet and outlet connections.  
Comply with requirements in Section 230519 "Meters and Gages for HVAC Piping." 

3.5 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during 
test. 

2. Provide temporary restraints for expansion joints that cannot sustain reactions 
due to test pressure.  If temporary restraints are impractical, isolate expansion 
joints from testing. 

3. Flush hydronic piping systems with clean water; then remove and clean or 
replace strainer screens. 

4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure 
shall be capable of sealing against test pressure without damage to valve.  Install 
blinds in flanged joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test 
pressure, to protect against damage by expanding liquid or other source of 
overpressure during test. 

B. Perform the following tests on hydronic piping: 

1. Use ambient temperature water as a testing medium unless there is risk of 
damage due to freezing.  Another liquid that is safe for workers and compatible 
with piping may be used. 

2. While filling system, use vents installed at high points of system to release air.  
Use drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 

4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 
the system's working pressure.  Test pressure shall not exceed maximum 
pressure for any vessel, pump, valve, or other component in system under test.  
Verify that stress due to pressure at bottom of vertical runs does not exceed 90 
percent of specified minimum yield strength or 1.7 times the "SE" value in 
Appendix A in ASME B31.9, "Building Services Piping." 

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine 
piping, joints, and connections for leakage.  Eliminate leaks by tightening, 
repairing, or replacing components, and repeat hydrostatic test until there are no 
leaks. 

6. Prepare written report of testing. 

C. Perform the following before operating the system: 

1. Open manual valves fully. 

2. Inspect pumps for proper rotation. 

3. Set makeup pressure-reducing valves for required system pressure. 

4. Inspect air vents at high points of system and determine if all are installed and 
operating freely (automatic type), or bleed air completely (manual type). 

5. Set temperature controls so all coils are calling for full flow. 
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6. Inspect and set operating temperatures of hydronic equipment, such as boilers, 
chillers, cooling towers, to specified values. 

7. Verify lubrication of motors and bearings. 

END OF SECTION 
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SECTION 23 21 16 - HYDRONIC PIPING SPECIALTIES 

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 ACTION SUBMITTALS 

A. Product Data:  For each type of the following: 

1. Valves:  Include flow and pressure drop curves based on manufacturer's testing 
for calibrated-orifice balancing valves and automatic flow-control valves. 

2. Air-control devices. 

3. Hydronic specialties. 

1.3 MAINTENANCE MATERIAL SUBMITTALS 

A. Differential Pressure Meter:  For each type of balancing valve and automatic flow 
control valve, include flowmeter, probes, hoses, flow charts, and carrying case. 

1.4 QUALITY ASSURANCE 

A. Pipe Welding:  Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code:  Section IX. 

1. Safety valves and pressure vessels shall bear the appropriate ASME label.  
Fabricate and stamp air separators and expansion tanks to comply with ASME 
Boiler and Pressure Vessel Code:  Section VIII, Division 1. 

PART 2 - PRODUCTS 

2.1 AIR-CONTROL DEVICES 

A. Manual Air Vents: 

1. Body:  Bronze. 

2. Internal Parts:  Nonferrous. 

3. Operator:  Screwdriver or thumbscrew. 

4. Inlet Connection:  NPS 1/2. 

5. Discharge Connection:  NPS 1/8. 

6. CWP Rating:  150 psig. 

7. Maximum Operating Temperature:  225 deg F (107 deg C). 

2.2 HYDRONIC PIPING SPECIALTIES 

A. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain 
connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for 
NPS 2-1/2 and larger. 
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3. Strainer Screen:  Stainless-steel, [20] [40] [60]-mesh strainer, or perforated 
stainless-steel basket. 

4. CWP Rating:  125 psig. 

B. Basket Strainers: 

1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom 
drain connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for 
NPS 2-1/2 and larger. 

3. Strainer Screen: [40] [60]-mesh startup strainer, and perforated stainless-steel 
basket with 50 percent free area. 

4. CWP Rating:  125 psig. 

C. Stainless-Steel Bellow, Flexible Connectors: 

1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing 
protective jacket. 

2. End Connections:  Threaded or flanged to match equipment connected. 

3. Performance:  Capable of 3/4-inch misalignment. 

4. CWP Rating:  150 psig. 

5. Maximum Operating Temperature:  250 deg F (121 deg C). 

D. Spherical, Rubber, Flexible Connectors: 

1. Body:  Fiber-reinforced rubber body. 

2. End Connections:  Steel flanges drilled to align with Classes 150 and 300 steel 
flanges. 

3. Performance:  Capable of misalignment. 

4. CWP Rating:  150 psig. 

5. Maximum Operating Temperature:  250 deg F (121 deg C). 

2.3 Valves 

A. Bronze, Calibrated-Orifice, Balancing Valves: 

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

a. Armstrong Pumps, Inc. 
b. Bell & Gossett Domestic Pump. 

2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 
3. Ball:  Brass or stainless steel. 
4. Plug:  Resin. 
5. Seat:  PTFE. 
6. End Connections:  Threaded or socket. 
7. Pressure Gage Connections:  Integral seals for portable differential pressure 

meter. 
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8. Handle Style:  Lever, with memory stop to retain set position. Provide factory 
extended handles when installed in insulated piping. 

9. CWP Rating:  Minimum 125 psig (860 kPa). 
10. Maximum Operating Temperature:  250 deg F (121 deg C). 

B. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
a. Bell & Gossett Domestic Pump. 
b. Nexus Valve, Inc. 

2. Body:  Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice 
or venturi. 

3. Ball:  Brass or stainless steel. 
4. Stem Seals:  EPDM O-rings. 
5. Disc:  Glass and carbon-filled PTFE. 
6. Seat:  PTFE. 
7. End Connections:  Flanged or grooved. 
8. Pressure Gage Connections:  Integral seals for portable differential pressure 

meter. 
9. Handle Style:  Lever, with memory stop to retain set position. Provide factory 

extended handles when installed in insulated piping. 
10. CWP Rating:  Minimum 125 psig (860 kPa). 
11. Maximum Operating Temperature:  250 deg F (121 deg C). 

C. Automatic Flow-Control Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
a. Griswold Controls. 
b. Nexus Valve, Inc. 

2. Body:  Brass or ferrous metal. 
3. Piston and Spring Assembly:  Stainless steel, tamper proof, self-cleaning, and 

removable. 
4. Combination Assemblies:  Include bronze or brass-alloy ball valve. 
5. Identification Tag:  Marked with zone identification, valve number, and flow rate. 
6. Size:  Same as pipe in which installed. 
7. Performance:  Maintain constant flow, plus or minus 5 percent over system 

pressure fluctuations. 
8. Minimum CWP Rating:  175 psig 
9. Maximum Operating Temperature:  200 deg F 

PART 3 - EXECUTION 

3.1 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains and at supply 
connection to each piece of equipment. 

B. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling 
terminal. 
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C. Install check valves at each pump discharge and elsewhere as required to control flow 
direction. 

D. Install safety valves at hot-water generators and elsewhere as required by ASME 
Boiler and Pressure Vessel Code.  Install drip-pan elbow on safety-valve outlet and 
pipe without valves to the outdoors; pipe drain to nearest floor drain or as indicated on 
Drawings.  Comply with ASME Boiler and Pressure Vessel Code:  Section VIII, 
Division 1, for installation requirements. 

E. Install pressure-reducing valves at makeup-water connection to regulate system fill 
pressure. 

3.2 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as 
required for system air venting. 

B. Install manual vents at heat-transfer coils and elsewhere as required for air venting. 

END OF SECTION 
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SECTION 23 31 13 - METAL DUCTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Single-wall rectangular ducts and fittings. 
2. Double-wall rectangular ducts and fittings. 
3. Single-wall round and flat-oval ducts and fittings. 
4. Double-wall round and flat-oval ducts and fittings. 
5. Sheet metal materials. 
6. Sealants and gaskets. 
7. Hangers and supports. 
8. Seismic-restraint devices. 

1.2 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam 
and joint construction, reinforcements, and hangers and supports, shall comply with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and 
performance requirements and design criteria indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports and seismic restraints shall 
withstand the effects of gravity and seismic loads and stresses within limits and under 
conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" and ASCE/SEI 7. Retain one of three subparagraphs below if retaining 
"SMACNA's 'Seismic Restraint Manual: Guidelines for Mechanical Systems'" option in 
paragraph above.  If using other seismic design criteria, delete three subparagraphs 
below. 

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown 
and coordinated with each other, using input from installers of the items involved: 

B. Welding certificates. 

C. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 

B. Welding Qualifications:  Qualify procedures and personnel according to the following: 
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1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum 

supports. 
3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and System Start-up." 

D. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 
Section 6.4.4 - "HVAC System Construction and Insulation." 

 

PART 2 - PRODUCTS 

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" based on indicated static-pressure class unless 
otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular 
Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  
Select types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 4, "Fittings and Other Construction," for 
static-pressure class, applicable sealing requirements, materials involved, duct-support 
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

2.2 SINGLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based 
on indicated static-pressure class unless otherwise indicated. 

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

a. Lindab Inc. 
b. SEMCO Incorporated. 
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c. Sheet Metal Connectors, Inc. 
d. Spiral Manufacturing Co., Inc. 
 

B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor dimension). 

C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct 
Transverse Joints," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

D. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct 
Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

E. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and 
Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.3 DOUBLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS 

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

1. Lindab Inc. 
2. McGill AirFlow LLC. 
3. SEMCO Incorporated. 
4. Sheet Metal Connectors, Inc. 

 

B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor dimension) 
of the inner duct. 

C. Outer Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on static-pressure class 
unless otherwise indicated. 

1. Transverse Joints:  Select joint types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round 
Duct Transverse Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
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2. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round 
Duct Longitudinal Seams," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

 

3. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees 
and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

D. Inner Duct:  as noted on plans 

E. Interstitial Insulation:  Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or 
NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard." 

1. Maximum Thermal Conductivity:  0.27 Btu x in./h x sq. ft. x deg F (0.039 W/m x 
K) at 75 deg F (24 deg C) mean temperature. 

2. Install spacers that position the inner duct at uniform distance from outer duct 
without compressing insulation. 

3. Coat insulation with antimicrobial coating. 
4. Cover insulation with polyester film complying with UL 181, Class 1. 

2.4 SHEET METAL MATERIALS 

A. General Material Requirements:  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 shall be 
free of pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G90 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

 

C. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; 
black and galvanized. 

1. Where black- and galvanized-steel shapes and plates are used to reinforce 
aluminum ducts, isolate the different metals with butyl rubber, neoprene, or 
EPDM gasket materials. 

D. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches 
(900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 
inches (900 mm). 
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2.5 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for 
sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

B. Two-Part Tape Sealing System: 

1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified 
acrylic/silicone activator to react exothermically with tape to form hard, durable, 
airtight seal. 

2. Sealant:  Modified styrene acrylic. 
3. Water resistant. 
4. Mold and mildew resistant. 
5. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive and negative. 
6. Service:  Indoor and outdoor. 
7. Service Temperature:  Minus 40 to plus 200 deg F (Minus 40 to plus 93 deg C). 
8. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum. 
9. For indoor applications, sealant shall have a VOC content of 250 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
10. Sealant shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

C. Water-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive and negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets. 

D. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 
6. For indoor applications, sealant shall have a VOC content of 250 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Sealant shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile 
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Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 

E. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene 
plasticizer. 

F. Round Duct Joint O-Ring Seals: 

1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg 
(0.14 L/s per sq. m at 250 Pa) and shall be rated for 10-inch wg (2500-Pa) static-
pressure class, positive or negative. 

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated 

couplings and fitting spigots. 

2.6 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or 
galvanized rods with threads painted with zinc-chromate primer after installation. 

C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum 
Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct." 

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with 
ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492. 

F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, 
and bolts designed for duct hanger service; with an automatic-locking and clamping 
device. 

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

H. Trapeze and Riser Supports: 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc 

chromate. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
duct system.  Indicated duct locations, configurations, and arrangements were used to 
size ducts and calculate friction loss for air-handling equipment sizing and for other 
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design considerations.  Install duct systems as indicated unless deviations to layout are 
approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated. 

C. Install round and flat-oval ducts in maximum practical lengths. 

D. Install ducts with fewest possible joints. 

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and 
for branch connections. 

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

G. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 

H. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation 
thickness. 

I. Route ducts to avoid passing through transformer vaults and electrical equipment 
rooms and enclosures. 

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are 
exposed to view, cover the opening between the partition and duct or duct insulation 
with sheet metal flanges of same metal thickness as the duct.  Overlap openings on 
four sides by at least 1-1/2 inches (38 mm). 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire 
dampers.  Comply with requirements in Section 233300 "Air Duct Accessories" for fire 
and smoke dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials during and after construction. Comply with SMACNA's "IAQ Guidelines for 
Occupied Buildings Under Construction," Appendix G, "Duct Cleanliness for New 
Construction Guidelines." 

3.2 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do 
not use two-part tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  
When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the 
exposed welds, and treat the welds to remove discoloration caused by welding. 



P.N.  23144  HNA Engineering, PLLC  
 

METAL DUCTS 23 31 13 - 8 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of 
fittings, hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

3.3 ADDITIONAL INSTALLATION REQUIREMENTS FOR COMMERCIAL KITCHEN 
HOOD EXHAUST DUCT 

A. Install commercial kitchen hood exhaust ducts without dips and traps that may hold 
grease and sloped a minimum of 2 percent to drain grease back to the hood. 

B. Install fire-rated access panel assemblies at each change in direction and at maximum 
intervals of 20 feet (6) m in horizontal ducts, and at every floor for vertical ducts, or as 
indicated on Drawings.  Locate access panel on top or sides of duct a minimum of 1-
1/2 inches (38 mm) from bottom of duct. 

C. Do not penetrate fire-rated assemblies except as allowed by applicable building codes 
and authorities having jurisdiction. 

3.4 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in 
"Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible": 

1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

2. Outdoor, Supply-Air Ducts:  Seal Class A. 
3. Outdoor, Exhaust Ducts:  Seal Class C. 
4. Outdoor, Return-Air Ducts:  Seal Class C. 
5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) 

and Lower:  Seal Class B. 
6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch 

wg (500 Pa):  Seal Class A. 
7. Unconditioned Space, Exhaust Ducts:  Seal Class C. 
8. Unconditioned Space, Return-Air Ducts:  Seal Class B. 
9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) 

and Lower:  Seal Class C. 
10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch 

wg (500 Pa):  Seal Class B. 
11. Conditioned Space, Exhaust Ducts:  Seal Class B. 
12. Conditioned Space, Return-Air Ducts:  Seal Class C. 
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3.5 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 5, "Hangers and Supports." 

B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached. 

1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and 

completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate 

concretes or for slabs more than 4 inches (100 mm) thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches (100 mm) thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum Size," and 
Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; 
install hangers and supports within 24 inches (610 mm) of each elbow and within 48 
inches (1200 mm) of each branch intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with 
welds, bolts, sheet metal screws, or blind rivets; support at each floor and at maximum 
intervals of 16 feet (5 m). 

F. Install upper attachments to structures.  Select and size upper attachments with pull-
out, tension, and shear capacities appropriate for supported loads and building 
materials where used. 

3.6 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with 
Section 233300 "Ductwork Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections. 

3.7 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not 
have duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-
steel primer.  Paint materials and application requirements are specified in Division 09. 



P.N.  23144  HNA Engineering, PLLC  
 

METAL DUCTS 23 31 13 - 10 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible contaminants are present. 
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness 

according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and 
Restoration of HVAC Systems." 

a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter 
media shall not exceed 0.75 mg/100 sq. cm. 

C. Duct system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.9 DUCT CLEANING 

A. Clean duct system(s) before testing, adjusting, and balancing. 

B. Use service openings for entry and inspection. 

1. Create new openings and install access panels appropriate for duct static-
pressure class if required for cleaning access.  Provide insulated panels for 
insulated or lined duct.  Patch insulation and liner as recommended by duct liner 
manufacturer.  Comply with Section 233300 "Ductwork Accessories" for access 
panels and doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling to gain access during the cleaning process. 

C. Particulate Collection and Odor Control: 

1. When venting vacuuming system inside the building, use HEPA filtration with 
99.97 percent collection efficiency for 0.3-micron-size (or larger) particles. 

2. When venting vacuuming system to outdoors, use filter to collect debris removed 
from HVAC system, and locate exhaust downwind and away from air intakes and 
other points of entry into building. 

D. Clean the following components by removing surface contaminants and deposits: 

1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling 

supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, 
and drive assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, coil 
section, air wash systems, spray eliminators, condensate drain pans, humidifiers 
and dehumidifiers, filters and filter sections, and condensate collectors and 
drains. 
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4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling 

plenums and mechanical equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 

E. Mechanical Cleaning Methodology: 

1. Clean metal duct systems using mechanical cleaning methods that extract 
contaminants from within duct systems and remove contaminants from building. 

2. Use vacuum-collection devices that are operated continuously during cleaning.  
Connect vacuum device to downstream end of duct sections so areas being 
cleaned are under negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces 
without damaging integrity of metal ducts, duct liner, or duct accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit 
duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, 
deteriorated, or delaminated or that has friable material, mold, or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan 
operational.  Rinse coils with clean water to remove latent residues and cleaning 
materials; comb and straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 
7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if 

fungus is present.  Apply antimicrobial agents according to manufacturer's written 
instructions after removal of surface deposits and debris. 

3.10 START UP 

A. Air Balance:  Comply with requirements in Section 230593 "Testing, Adjusting, and 
Balancing for HVAC." 

END OF SECTION 
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SECTION 23 33 00 - DUCTWORK ACCESSORIES 

1.1 SUMMARY 

A. Section Includes: 

1. Backdraft and pressure relief dampers. 
2. Barometric relief dampers. 
3. Manual volume dampers. 
4. Control dampers. 
5. Fire dampers. 
6. Ceiling radiation dampers. 
7. Smoke dampers. 
8. Combination fire and smoke dampers. 
9. Turning vanes. 
10. Duct-mounted access doors. 
11. Flexible connectors. 
12. Duct accessory hardware. 

1.2 ACTION SUBMITTALS 

A. Shop Drawings: For duct accessories. Include plans, elevations, sections, details and 
attachments to other work. 

1. Detail duct accessories fabrication and installation in ducts and other 
construction. Include dimensions, weights, loads, and required clearances, and 
method of field assembly into duct systems and other construction. Include the 
following: 

a. Special fittings. 
b. Manual volume damper installations. 
c. Control-damper installations. 
d. Fire-damper, smoke-damper, combination fire- and smoke-damper, ceiling, 

and corridor damper installations, including sleeves; and duct-mounted 
access doors. 

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

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which ceiling-
mounted access panels and access doors required for access to duct accessories are 
shown and coordinated with each other, using input from Installers of the items 
involved. 

B. Source quality-control reports. 
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1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For air duct accessories to include in operation and 
maintenance manuals. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Fusible Links: Furnish quantity equal to [10] <Insert number> percent of amount 
installed. 

PART 2 - PRODUCTS 

2.1 ACCESS DOORS 

A. Fabricate rigid and close-fitting hinged doors of galvanized steel with sealing gaskets 
and quick fastening cam locking devices. For insulated ductwork, install minimum 1 
inch thick insulation with sheet metal cover. 

B. Provide two hinges and two sash locks for sizes up to 18 inch square, two hinges and 
two compression latches with outside and inside handles for sizes up to 24 inch x 48 
inch. 

C. Sizes: 
1. For 6" to 8" ducts: 6" x 6" (1 latch and 2 hinges) 
2. For 10" to 12" ducts:  10" x 10" (1 latch and 2 hinges) 
3. For 12" to 16" ducts:  12" x 12"(2 latches and 2 hinges). 

D. Install at all fire dampers, smoke dampers, back draft, dampers, control dampers and 
all temperature controls otherwise not accessible. 

E. Ceiling, wall, and floor access panels must line up with duct access doors. 

2.2 FIRE DAMPERS 

A. Fire Rating 
1. Rated at 1-1/2 hours and so labeled. 
2. Rated at 1-1/2 hours and so labeled for up to 2 hour walls. 
3. Rated at 3 hours and so labeled for over 2 hour walls to 4 hour walls. 

B. Frame: Curtain type with blades outside airstream fabricated with roll-formed 
galvanized steel; with mitered and interlocking corners; gauge in accordance with UL 
listing. 

C. Mounting Sleeve: Factory- or field-installed, galvanized sheet steel; gauge in 
accordance with UL listing. 
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D. Mounting Orientation: Vertical or horizontal as indicated. 

E. Blades: Roll-formed, interlocking, galvanized sheet steel; gauge in accordance with UL 
listing. 

F. Horizontal Dampers: Include blade lock and stainless-steel closure spring. 

G. Heat-Responsive Device: Replaceable, 165 deg F rated, fusible links. 

H. Fire dampers size shall be the same size as connecting ductwork. Duct liner shall be 
interrupted at each fire damper. 

I. Provide separate or integral collars as required with wall retaining angles, on both 
sides of walls, floors, ceilings, etc. 

J. Contractor to verify location to make sure that dampers are in correct location in fire 
walls or ceilings before installation. Discuss location with General Contractor before 
installation. 

K. Provide access panels at all fire dampers. Label these access panels "F.D." Access 
panels must be located to provide access to the fusible links and resetting devices. 
Grilles are acceptable as access. 

L. All fire dampers to be dynamic type, rated and labeled according to UL 555. 

M. Closing rating in ducts up to 4-inch wg (static pressure class and minimum 2000-fpm 
velocity) 

2.3 COMBINATION FIRE AND SMOKE DAMPERS 

A. Type: Dynamic; rated and labeled according to UL 555 and UL 555S by an NRTL. 

B. Closing rating in ducts up to 4-inch wg static pressure class and minimum 2000-fpm  

C. Fire Rating 
1. Rated at 1-1/2 hours and so labeled. 
2. Rated at 1-1/2 hours and so labeled for up to 2 hour walls. 
3. Rated at 3 hours and so labeled for over 2 hour walls to 4 hour walls. 

D. Frame: Hat-shaped, galvanized sheet steel, with [welded] [interlocking, gusseted] [or] 
[mechanically attached] corners[ and mounting flange]; gauge in accordance with UL 
listing. 

E. Heat-Responsive Device: Replaceable 165 deg F rated, fusible links 

F. Smoke Detector: Integral, factory wired for single-point connection. 

G. Blades: Roll-formed, horizontal, interlocking overlapping, galvanized sheet steel; gauge 
in accordance with UL listing. 

H. Leakage:  Class II 
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I. Rated pressure and velocity to exceed design airflow conditions. 

J. Mounting Sleeve: Factory-installed, galvanized sheet steel; length to suit wall or floor 
application, gauge in accordance with UL listing. 

K. Master control panel for use in dynamic smoke-management systems. 

L. Damper Motors:  two-position action. 

M. Damper shall be automatic remote resettable after test, detection, or power failure. 

2.4 MANUAL DAMPERS 

 

A. Standard, Steel, Manual Volume Dampers: 

1. Standard leakage rating, with linkage outside airstream. 

2. Suitable for horizontal or vertical applications. 

3. Frames: 

a. Mitered and welded corners. 

b. Flanges for attaching to walls and flangeless frames for installing in ducts. 

4. Blades: 

a. Multiple or single blade. 

b. Parallel- or opposed-blade design. 

c. Stiffen damper blades for stability. 

d. Galvanized steel, 0.064 inch (1.62 mm) thick. 

5. Bearings: 

a. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or less shall 
have axles full length of damper blades and bearings at both ends of 
operating shaft. 

6. Tie Bars and Brackets:  Galvanized steel. 

7. Provide extended quadrant where damper is installed in insulated duct so 
adjustments can be made without disturbing insulation. 

 

2.5 FLEXIBLE CONNECTORS 

A. Materials:  Flame-retardant or noncombustible fabrics. 

B. Coatings and Adhesives:  Comply with UL 181, Class 1. 

C. Metal-Edged Connectors:  Factory fabricated with a fabric strip 3-1/2 inches wide 
attached to two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 
0.032-inch- thick aluminum sheets.  Provide metal compatible with connected ducts. 

D. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene. 

1. Minimum Weight:  26 oz./sq. yd. 



P.N.  23144  HNA Engineering, PLLC  
 

DUCTWORK ACCESSORIES 233300 - 5 
 

2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 

3. Service Temperature:  Minus 40 to plus 200 deg F (Minus 40 to plus 93 deg C). 

2.6 TURNING VANES 
 

A. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet 
steel; support with bars perpendicular to blades set; set into vane runners 
suitable for duct mounting. 
 

B. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with 
perforated faces and fibrous-glass fill. 

 
C. General Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-
4, "Vane Support in Elbows." 

 
D. Vane Construction:  Double wall. 

 
E. FLEXIBLE DUCTS 

 
1. Insulated, 1”, Flexible Duct:  UL 181, Class 1, black polymer film supported by 

helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-
barrier film. 

2. Pressure Rating:  4-inch wg positive and 0.5-inch wg negative. 
3. Maximum Air Velocity:  4000 fpm. 
4. Temperature Range:  Minus 20 to plus 175 deg F (Minus 29 to plus 79 deg C). 
5. Insulation R-Value: Comply with ASHRAE/IESNA 90.1. 

2.7 DUCT ACCESSORY HARDWARE 

A. Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw 
cap and gasket. Size to allow insertion of pitot tube and other testing instruments and 
of length to suit duct-insulation thickness. 

B. Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to 
gasoline and grease. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, 
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts. 
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B. Install duct accessories of materials suited to duct materials; use galvanized-steel 
accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in 
stainless-steel ducts, and aluminum accessories in aluminum ducts. 

C. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts.  Where dampers are installed in ducts having duct 
liner, install dampers with hat channels of same depth as liner, and terminate liner with 
nosing at hat channel. 

1. Install steel volume dampers in steel ducts. 

2. Install aluminum volume dampers in aluminum ducts. 

D. Set dampers to fully open position before testing, adjusting, and balancing. 

E. Install test holes at fan inlets and outlets and elsewhere as indicated. 

F. Install fire dampers according to UL listing. 

G. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and 
maintaining accessories and equipment at the following locations: 

1. At outdoor-air intakes and mixed-air plenums. 

2. At drain pans and seals. 

3. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall 
fusible links.  Access doors for access to fire or smoke dampers having fusible 
links shall be pressure relief access doors and shall be outward operation for 
access doors installed upstream from dampers and inward operation for access 
doors installed downstream from dampers. 

4. At each change in direction and at maximum 50-foot spacing. 

5. Elsewhere as indicated. 

H. Install access doors with swing against duct static pressure. 

I. Install flexible connectors to connect ducts to equipment. 

J. For fans developing static pressures of 5-inch wg and more, cover flexible connectors 
with loaded vinyl sheet held in place with metal straps. 

K. Connect terminal units to supply ducts with maximum 3’ lengths of flexible duct.  Do not 
use flexible ducts to change directions. 

L. Install duct test holes where required for testing and balancing purposes. 

M. Install turning vanes in mitered elbows that have a velocity greater than 1000 feet per 
minute. 

N. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment.  
Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch 
movement during start and stop of fans. 

 
3.2  FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 
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2. Inspect locations of access doors and verify that purpose of access door can be 
performed. 

3. Operate fire, smoke, and combination fire and smoke dampers to verify full range 
of movement and verify that proper heat-response device is installed. 

4. Inspect turning vanes for proper and secure installation. 

5. Operate remote damper operators to verify full range of movement of operator 
and damper. 

 

 
END OF SECTION 
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SECTION 23 84 16 OUTDOOR MECHANICAL DEHUMIDIFICATION UNITS 

PART 1 - GENERAL 

1. Scope  

Furnish and install, where indicated, a factory-assembled, fully-enclosed, split environ-
mental control system with energy recovery feature(s) designed for natatorium environ-
ment control  

Features shall include:  

A. Dehumidification by means of a direct expansion evaporator coil  

B. Space heating by means of a packaged hot water coil  

C. Cooling mode with heat rejection to a remote outdoor air cooled fluid cooler (dry-
cooler). No field refrigeration work shall be required. 

D. Pool water heating from reclaimed compressor waste heat by means of a full flow 
titanium heat exchanger  

E. Packaged minimum exhaust fan  

F. Integral minimum outdoor air connection  

G. Convenience outlet and light included factory mounted in control cabinet, pow-
ered and wired separately.  

H. Internet connectivity for 2 years via cell based technology  

2. Quality and Safety Assurance  

A. The system shall be ETL listed  

B. The system shall be completely assembled, wired, piped, and test-run at the fac-
tory prior to shipping. All controls shall be factory adjusted to satisfy the design 
conditions.  

C. Manufacturer shall have a minimum of ten-plus years prior experience making 
similar equipment as described in this specification.  

D. The system shall have a mechanical vestibule where the electrical panel, com-
pressor(s), receiver(s) and most of the refrigeration controls are out of the pro-
cess air stream  

E. Warranty: The entire system shall have a 24-month limited parts warranty from 
the factory ship date  

1. A 1-year labor warranty shall be provided by the manufacturer when the 
system is connected to the factory via an Internet monitoring system from 
the date of initial commissioning  

2. The compressor(s) shall have a 5-year warranty from the factory ship 
date  



P.N. 23144  HNA Engineering, PLLC  

OUTDOOR MECHANICAL DEHUMIDIFICATION UNITS 23 84 16 - 2 

3. The internal airside heat exchanger coils shall have a 5-year warranty 
from the factory ship date  

F. When connected to a network with Internet access, the system shall have remote 
service capability with the ability for field service technicians to receive service 
and trouble alerts by e-mail and make parameter adjustments via a browser in-
terface on any Internet-capable device  

PART 2 - PRODUCT 

1. Manufacturers 

A. Dectron 

B. Pool Pak 

C. Desert Aire 

D. Seresco 

2. General  

The natatorium control system shall include:  

A. Mechanical process dehumidification  

B. Outdoor cabinet configuration  

C. A packaged hot water heating coil, sized as specified by the design engineer to 
meet the skin losses and outdoor air heating loads  

D. Pool heating via pool water-to-fluid titanium heat exchanger providing premium 
unmatched chemical resistance for saltwater and chlorine pool water. 

E. Air filtration via MERV-13 pleated panel filters for return  

F. Minimum outdoor air connection  

G. Minimum exhaust fan(s)  

H. A service vestibule where the compressor, refrigeration specialties, control 
valves and all electronics are outside of process air stream  

I. Convenience outlet and light included factory mounted in control cabinet, pow-
ered and wired separately.  

3. Sequence of Operation  

The system shall be designed and sized to maintain the specified space conditions  

A. System Startup  

1. Power is turned on or the system is restarted  

2. After a short initial delay to allow the sensors to stabilize, the blower starts 
and operates continuously  
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3. Based on sensor feedback, the system shall begin or resume operation 
based on the sequence below  

B. Airside Configuration  

1. The system continuously delivers the specified supply air volume to the 
natatorium  

2. The minimum exhaust air volume is set to meet the engineer's schedule.  

3. The minimum outdoor air volume is set to meet the engineer's schedule.  

C. Dehumidification Mode  

1. The return air relative humidity is above the humidity setpoint  

2. Return air dewpoint is above dewpoint setpoint.  

3. The compressor enters the Compressor Start sequence  

4. If the system cannot maintain the relative humidity below setpoint, the 
second compressor circuit will start  

5. Compressor waste heat is rejected into a glycol fluid loop which feeds the 
reheat coils and the air conditioning air-cooled heat exchanger in parallel.  

6. The reheat coils are fully modulating (0-100%). The reheat output will 
modulate to maintain the space temperature at set point year-round. Re-
heat coils that are on off or only give heat from one circuit are not ac-
ceptable. 

D. Air Conditioning Mode  

1. The return air temperature is above the room temperature setpoint  

2. The compressor starts, if not already operating in Dehumidification Mode  

3. Excess compressor hot gas is diverted to a fluid-cooled heat exchanger. 
Up to 100% of compressor heat is rejected into the glycol fluid loop which 
is pumped outdoors to an outdoor air-cooled heat exchanger for 100% 
heat rejection at summer design ambient conditions  

4. 100% of compressor heat is rejected at the outdoor air-cooled heat ex-
changer on a summer design day. On off-peak days, the air reheat output 
will modulate to maintain the space temperature at the set point  

5. If the system cannot maintain the return air temperature setpoint, the 
second compressor will start  

E. Space Heating Mode  

1. The return air temperature is below the room temperature setpoint  

2. The microprocessor space heating output signal (0-10 volts) is sent to the 
heating coil controller. The signal output will regulate based on the return 
air temperature  
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F. Pool Water Heating Mode  

1. The return pool water temperature is below the pool water setpoint and 
the pool water flow switch or minimum temperature differential is satisfied.  

2. If the compressor is already operating due to a Dehumidification or Air 
Conditioning demand, the fluid control valve will divert fluid to the Titani-
um pool water heat exchanger to modulate the heating of the pool water.  

3. If there is no pre-existing demand for the compressor to operate, the mi-
croprocessor sends a signal to the auxiliary pool water heater (remote by 
others) to operate. The compressor will not operate solely for a pool water 
heating demand unless specifically configured to do so at the controller. 
Aux Pool Heat contact will be closed with insufficient flow. In order to pre-
vent the pool from overheating, it is recommended that a field-installed 
aquastat (provided by others) be installed in series with these wires.  

4. Field-installed pool water temperature sensor(s) are provided to enable 
the smart pool feature. This feature provides the ability to activate booster 
pool water pump(s) feeding the unit when pool water heating is in de-
mand.  

G. Freeze Protection  

1. The supply air temperature falls below the freezestat setpoint  

2. Exhaust fan(s) are stopped and outdoor air damper(s) are fully closed  

3. When the freezestat alarm is tripped, it must be manually cleared by the 
operator  

4. Cabinet  

A. Cabinet Construction: All cabinet 16, 20 and 24 gauge sheet metal shall be gal-
vanized G90 steel or GalvalumeTM alloy with mill-applied zinc phosphate primer 
followed by an exterior grade white silicone modified polyester top coat. The 
sheet metal is engineered to form a cabinet with maximum strength and rigidity. 
All seams shall be caulked with silicone to prevent air and water leakage or infil-
tration  

1. Base Rails: The cabinet shall have a base frame comprised of 2 layers of 
10 gauge mill galvanized G90 steel. Lifting lugs shall be provided on the 
base frame for rigging the system.  

2. The cabinet walls shall be of double-wall construction using 20 gauge 
pre-painted steel with a fully painted inner metal liner and 2 inches of fi-
berglass insulation  

3. The cabinet floor shall be comprised of a 16-gauge galvanized steel panel 
with a 20-gauge pre-painted steel inner liner, 2-inch double wall engi-
neered with structural bending for maximum rigidity and be mechanically 
fastened to the base frame of the unit  
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4. The cabinet roof shall be 20-gauge pre-painted steel, 2-inch double wall 
engineered with structural bending for maximum rigidity and be mechani-
cally fastened to the base walls of the unit  

5. The cabinets shall be mechanically assembled with stainless steel 5/32" 
sealed blind rivets. Where bolts are required bright zinc plated bolts shall 
be used  

6. Access doors shall be supported on multiple hinges, held shut by com-
pression latches for quick access. Doors shall be provided for entrance to 
all sections housing components requiring routine maintenance. Full 
height access doors shall have "hold back" latches to prevent door clo-
sure during the performance of service procedures  

7. The unit shall have non-corroding protective mesh screens on all air in-
take openings  

8. The system shall have non-corroding protective mesh screens covering 
internal fan blades, protective grates covering all floor access ports  

B. Outdoor Air Intake:  

1. Minimum Outdoor Air connection: motorized damper, filter and time clock  

C. Insulation: The unit shall be insulated per the following standards:  

1. All exterior cabinet sections shall be insulated with two (2) inch thick fi-
berglass inside the double walled cabinet  

2. Fire resistant rating to conform to NFPA Standard 90A and 90B  

3. Sound attenuation coefficient shall not be less than 1.02 at a frequency of 
1,000 Hz as per ASTM Standard C423  

4. Thermal conductivity shall not exceed 0.26 Btu/hr-sqft-ft at 75 °F  

D. Cabinet configuration shall include:  

1. A filter rack with separate access doors shall be provided for the return air 
and minimum outdoor air streams  

2. Unit shall be equipped with duct collars to admit the minimum outdoor air 
as scheduled. The outdoor air intake assembly shall have a built in air fil-
ter rack with separate access door, manual air balancing device and mo-
torized 2 position extruded aluminum, Insulated, silicone side-sealed 
damper operated by 24-hour time clock  

3. Mechanical vestibule: The unit shall have the compressor, receiver, sole-
noid valves and the electrical panel in a separate compartment out of the 
processed air stream. All components shall be serviceable while the unit 
is in operation without disturbing the airflow  

4. Electrical panel: The unit shall have a built-in electrical control panel in a 
separate compartment in order not to disturb the airflow within the dehu-
midifier during electrical servicing. All electrical components shall be 
mounted on a 16 gauge galvanized sub-panel  
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5. Filters  

Wherever possible, air filters shall be standard sized, replaceable, off-the-shelf filters in-
cluding:  

A. Return Air: 2-Inch MERV 13, 90% pleated filters with rust-free non-metallic struc-
ture on a slide-in or face-loading rack  

B. Outside Air: 2-Inch MERV 13, 90% pleated filters with rust-free non-metallic 
structure.  

C. Dirty air filter switches included on the return air filter for indicating an alarm 
when pressure drop exceeds a set point.  

6. Coils  

A. Evaporator/dehumidifier coils shall be designed for maximum moisture removal 
capacity  

1. Coils shall be fully dipped and coated with a polyester/enamel coating for 
maximum corrosion protection. Coating shall comply with ASTM 
B117/D1654 and ASTM D2126 for corrosion resistance against common 
acids, salt and gases  

2. Coil shall have galvanized casing and end plates  

3. Aluminum fin and copper tubes mechanically bonded to assure high heat 
transfer.  

B. Air reheat coils shall be sized for variable heat transfer into the air with a capacity 
of 100% of the compressors total required heat of rejection. Air reheat coils that 
are on off will cause unstable space conditions and are not acceptable.  

1. Coils shall be fully dipped and coated with a polyester/enamel coating for 
maximum corrosion protection. Coating shall comply with ASTM 
B117/D1654 and ASTM D2126 for corrosion resistance against common 
acids, salt and gases  

2. Coil shall have galvanized casing and end plates  

3. Aluminum fin and copper tube joints mechanically bonded to assure high 
heat transfer  

C. Coils shall have a 3-year warranty extension for a total of 5 years coverage  

7. Drain Pans  

Each evaporator coil shall be provided with a positive draining, compound-sloped, baked 
powder paint coated aluminum drain pan with fully-welded corners to ensure zero water 
retention. In no way will stainless steel or galvanized drain pans be acceptable.  

8. Blowers and Blower Motors  

A. Supply blowers:  
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1. The multiple direct driven supply air blower wheels shall be a parallel 
mounted array. Blowers shall be a single width/single inlet airfoil plenum 
type, secured a machined, ground and polished solid steel shaft. The 
wheel shall be G90 galvanized steel with baked powder paint coating. 
The shaft shall be coated with a rust inhibitor  

2. The complete blower assembly shall be statically and dynamically bal-
anced on precision electronic balancers  

3. The blower assembly shall be mounted on a 1" deflection spring isolated 
rack  

4. The fan inlets shall be equipped with accidental contact protection screen  

5. Motor(s) shall be Premium efficiency painted cast iron construction TEFC, 
NEMA MG1-PART 31 Inverter Duty 15:1 Constant Torque Severe Duty 
with a service factor 1.25. Motors shall be 6 Pole 1200 RPM synchronous 
speed with HOA switch with motor safeties against overloading at 60 Hz 
operation directly on mains. Motors shall have double lip seals on both 
ends with re-greasable bearings 254T frame and larger with Polyurea 
grease  

6. At least one motor shall be provided with a low motor noise and high 
starting torque VFD for air balancing purposes. The VFD shall have a 
drive efficiency of 96 to 98% with displacement power factor of 0.98, out-
put maximum frequency of 400 Hz with torque boost. The VFD shall have 
protective features including: torque limit, heat sink over-temperature, cur-
rent-limiting DC bus fuse, electronic motor overload with phase-to-phase 
and ground fault short circuit protection; current limit, over/under torque 
protection, over/under voltage protection, short circuit current rating of 
30kA rms symmetrical and 100kA rms symmetrical  

B. Exhaust blowers:  

1. The packaged exhaust blower (EF1) shall be sized to maintain the nega-
tive pressure requirement in the space during normal operation and its 
operation tied to the system's occupancy scheduler  

2. The blower shall be impeller plenum fan complete with backward curved, 
three-dimensional, profiled blades made of high performance composite 
material. The blower shall be completely corrosion resistant and be 
maintenance free a direct drive via a direct current (DC) electronic com-
muted (EC) motor. The EC-Motor shall have zero slippage design and 
have continuously variable speed control when connected to the unit's 
controller. Fans that are not direct drive or EC are not acceptable.  

3. The fan assembly shall be balanced in Class G 6.3 acc DIN ISO 1940, 
dynamic on two levels  

4. The fan assembly shall be suitable for ambient temperatures of -40°C to 
max. +70°C  

5. Thermal contacts installed in the windings compliant with THCL 155  
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6. Drive motor in external rotor principle, sealed in protection class IP54 with 
moisture protection impregnation of the windings, topical protection  

7. High corrosion resistance design with high quality and reliability  

8. The exhaust fan shall be controlled from an end switch on the power 
open of the exhaust air damper. The exhaust dampers shall be protected 
by louvers to divert rain from the face of the dampers  

9. Dampers  

Internal dampers shall be made from extruded anodized aluminum with a parallel blade 
configuration and neoprene double-seal tips to minimize leakage. Damper blades shall 
be mounted on steel rods which rotate on nylon bushings. All damper hardware shall be 
corrosion resistant  

A. The system shall be provided with normally closed outside air and exhaust air 
dampers equipped with spring-return actuators The dampers adjust between 0% 
to 100% open position.  

B. The outdoor air and exhaust air dampers shall be of opposed blade configura-
tion. Dampers shall have 0.750-inch insulated blades made from extruded ano-
dized aluminum with neoprene double-seal tips to minimize leakage. Damper 
leakage shall be less than 1% of maximum flow at 4-inch water column differen-
tial. Damper blades shall be mounted on steel rods which rotate on nylon bush-
ings. All damper hardware shall be corrosion resistant  

10. Pool Water Heater  

A. The pool water heater shall be Titanium Gasketed Flat Plate heat exchanger.  

B. Heat exchanger will be modulating. 

C. Pool heaters that when breached allow water into the refrigeration system are not 
allowed.  

D. Terminating connections are PVC NPT fittings located at the cabinet wall for 
easy connection  

E. The maximum circuit pressure rating is 100 psi.  

11. Compressors  

A. Hermetic, scroll action compressor, suction gas cooled, suitable for refrigerant R-
410A  

B. The compressor(s) shall be mounted on rubber-in-shear isolators to limit the 
transmission of noise and vibration  

C. The compressor(s) shall be equipped with removable crankcase heater(s) for liq-
uid migration protection  

D. The compressor(s) shall be located outside the conditioned air stream in the sys-
tem's service vestibule  
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E. Compressors shall have a 3-year warranty extension for a total of 5 years cover-
age  

F. The compressor manufacturer must have a wholesale outlet for replacement 
parts in the nearest major city  

12. Refrigeration Circuit  

A. The system shall consist of two factory sealed refrigeration circuits for dehumidi-
fication and sensible cooling. No site refrigeration work shall be required  

B. Each refrigeration circuit shall have pressure transducers monitoring the refriger-
ant discharge (high) and suction (low) pressures. The refrigeration circuit shall be 
accessible for diagnostics, adjustment and servicing without the need for service 
manifold gauges  

C. All refrigeration circuits shall have refrigerant control valves, a liquid line filter-
drier, a liquid and moisture indicator, an expansion valve, head pressure control 
feature and pump down feature  

D. All refrigeration circuits shall have an externally adjustable balanced port design 
mechanical thermostatic expansion valve  

E. The system shall have an externally adjustable balanced port design mechanical 
thermostatic expansion valve. The valve shall have a removable power head  

F. Tamper proof, hermetically sealed non-adjustable high and low pressure switch-
es and refrigeration service valves shall be installed using Schrader type valves. 
Refrigeration service valves shall be located outside of the airstream  

G. The suction line shall be fully insulated with 0.500-inch closed cell insulation  

H. The maximum operating pressure for the glycol loop is 100 psi. The glycol loop 
temperature should not exceed 134 ºF.  

13. Control Panel  

A. The electrical contractor shall be responsible for external power wiring and dis-
connect switch fusing. Power block terminals shall be provided  

B. The system shall include a factory-installed fused disconnect  

C. Main control panel shall be mounted inside the service vestibule outside of the 
process air stream  

D. Blower motors shall be protected with thermal trip overloads  

E. The system shall have a voltage monitor with phase protection  

F. Available dry contacts shall include:  

1. Alarm  

2. Blower interlock  

3. Stage 1 & 2 heating  
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4. Outdoor air damper control  

5. Remote exhaust fan #1  

6. Remote exhaust fan #2  

7. Outdoor-air cooled equipment  

8. System on  

9. Auxiliary pool heater 1  

10. Heat recovery  

G. Terminals shall be provided to send 24-volt power to the outdoor air cooled con-
denser or fluid cooler fan contactor  

H. All wiring shall be installed in accordance with UL or CSA safety electrical code 
regulations and shall be in accordance with the NFPA All components used in 
the system shall be UL or CSA listed  

I. Wiring diagrams shall be located near the electrical panel(s) on the system. 
These diagrams shall provide colour-coding and wire numbering for easy trou-
bleshooting. All wires shall be contained in a wire duct.  

J. The compressor(s) shall have a time delay on start to prevent short cycling  

K. An airflow switch and a dry contact for alarm(s) shall be provided and factory-
mounted.  

L. Convenience outlet and light included factory mounted in control cabinet, pow-
ered and wired separately.  

14. Auxiliary Air Heating  

The packaged hot water coil shall be sized to meet the scheduled heating capacity and 
have the following characteristics:  

A. Modulating (0-10V) auxiliary air heat control by means of a factory mounted and 
wired three-way control valve  

B. Auxiliary air heating coil tubes, fins, headers, casing and end-plates shall be fully 
protected by a polyester/enamel coating for maximum corrosion protection. The 
protective coating shall comply with ASTM B117/D1654 and ASTM D2126 for 
corrosion resistance against common acids, salts and gases  

C. Coil casing and end-plates shall be made of galvanized steel  

D. Fin and tube joints shall be mechanically bonded to ensure high heat transfer  

E. Fins shall be made of aluminum  

F. Tubes shall be made of copper  

G. The maximum loop operating pressure shall not be less than 250 psig  

15. Air Conditioning  
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Air-cooled air conditioning via a fluid cooler  

A. The system shall be equipped with an air conditioning mode where excess com-
pressor heat is rejected to a remote outdoor air-cooled heat exchanger (aka Dry 
Cooler) via a single glycol fluid loop. No site refrigeration work shall be required. 
The system shall include a circulating pump and expansion tank. The packaged 
fluid cooled condenser and remote outdoor air-cooled heat exchanger shall both 
be capable of rejecting 100% of the compressor heat rejection with an air on 
temperature at summer design conditions  

B. The system shall be provided with a 24 VAC/2A signal to operate the remote 
outdoor fluid cooler control  

C. Each refrigeration circuit shall include refrigerant valves, a receiver with pressure 
relief valve set at 650 psig, a pressure control valve and a pressure differential 
valve, and two manual shutoff valves to isolate the outdoor fluid cooler  

D. Coils shall be tested at 425 PSIG and mounted vertically for complete surface uti-
lization. Coils shall be counter flow and have adequate capacity to dissipate the 
total heat rejection of the system at design conditions  

16. Factory Performance Testing  

A. The system shall be thoroughly tested under factory test conditions.  

Part 3 - Execution 

1. Product Delivery, Acceptance, Storage and Handling  

A. Perform a thorough physical inspection of the system upon delivery from the 
shipment carrier  

B. Identify and immediately report any physical damage to manufacturer  

C. If the system is to be stored prior to installation, store in a clean, dry place pro-
tected from weather, dirt, fumes, water, construction and physical damage  

D. Handle the system carefully during installation to prevent damage  

E. Damaged systems or components shall not be installed. Contact the manufac-
turer for RMA instructions  

F. Comply with the manufacturer's rigging and installation instructions for unloading 
the system and moving it into position  

2. Connections  

A. Where installing piping adjacent to the system, allow space for service and 
maintenance  

B. Duct connections: drawings indicate the general arrangements of the ducts. 
Connect the system to ducts with flexible duct connectors. Comply with code re-
quirements for flexible duct connectors  

C. Electrical connections: comply with code requirements for power wiring, switches 
and motor controls in electrical sections  
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3. Installation  

The agency responsible for start-up should work in accordance with the specifications 
and in accordance with the manufacturer's instructions and only by workers experienced 
in this type of work  

4. Start Up  

A. Startup by a Factory Authorized Technician is required. 

B. Remote Internet access and control must be initiated and confirmed by the facto-
ry technician for extended labor warranty to be in effect  

 

END OF SECTION 
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SECTION 26 01 00 - GENERAL PROVISIONS, ELECTRICAL 

 

 

PART 1 - GENERAL 
 

 
1.1 CONTRACTOR'S RESPONSIBILITY 
 

A. Contractor agrees to assume responsibility for liability, workmanship, and quality of 
materials concerning work sublet to others.  Before contract is sublet, submit in writing 
the names of proposed subcontractor and obtain written approval. 
 

 
1.2 CODES AND FEES 
 

A. All work shall be installed in accordance with the applicable provisions of the local 
codes, the National Electrical Code, and the National Electrical Safety Code. 

 
B. All electrical materials shall have Underwriters' approval where applicable, and shall be 

so labeled where UL labeling is customary. 
 

C. All electrical equipment shall conform to applicable NEMA Standards whether specified 
hereinafter or not, and to other applicable Standards which may be specified 
hereinafter. 

 
D. The Contractor shall be responsible for obtaining local permits, payment of fees and 

notification for inspection by code authorities consistent with the schedule of work.  The 
contractor shall be responsible for obtaining state permits, payment of fees and 
notification for inspection by code authorities as required by the project. 

 
 
1.3 EQUIPMENT LISTS, SHOP DRAWINGS, SAMPLES AND SUBMITTALS 
 

A. Submit under provisions of DIVISION 01 and General Conditions. 
 

B. Submit to the Designer for approval, within 30 days after receipt of Notice to Proceed 
with the work, a complete list of materials, equipment and accessories proposed for 
use, including complete descriptions and specifications of any proposed substitutions, 
manufacturer's shop drawings, and roughing-in work.  Submit five (5) copies of all items 
for approval and furnish additional copies if required for installation purposes.  
Electronic submittals are acceptable in PDF format. 

 
C. Submission material and all shop drawings for the various items of equipment shall 

indicate section number and shall be marked with the respective mark number or identi-
fication of the equipment shown on the drawings or specified.  The shop drawings shall 
list all ratings, capacities, accessories, and other pertinent data to show that the 
proposed item is as called for and as specified. 
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D. Shop drawings shall show sizes and details of required steel machine foundation, 
locations of anchor bolts, physical dimensions of equipment, capacity characteristics of 
equipment, and all other work pertinent to details.   

1.4 QUALITY CONTROL 
 

A. Comply with Section GENERAL CONDITIONS. 
 

B. Qualifications:  Where specific qualifications are specified in individual specification 
section, provide required data with Subcontractor list. 
 

 
1.5 GUARANTEE 
 

A. Comply with Section GENERAL CONDITIONS 
 

 
PART 2 – PRODUCTS (NOT APPLICABLE) 
 
 
PART 3 – EXECUTION  
 
 
3.1 EQUIPMENT INSTALLATION 
 

A. Install all equipment in accordance with applicable manufacturer's drawings and 
recommendations. 

 
B. Identification of circuits and equipment:  Identification designations shall correspond to 

those indicated on electrical drawings and as specified in corresponding articles 
describing the equipment. 
 

 
3.2 ALTERATIONS AND ADDITIONS TO EXISTING ELECTRICAL WORK 
 

A. Make alterations and additions to existing electrical work as indicated, and as required 
to accommodate new construction and to clear all interferences therewith.  This 
includes disconnecting, removing, relocating, rerouting, extending, reworking, 
reconnecting, or otherwise altering existing electrical work as required, whether 
indicated on the drawings or not. 

 
 
3.3 TEMPORARY LIGHTS AND POWER 
 

A. Provide temporary lights and power.  Lights shall be one pigtail socket and lumens 
equivalent to a 150W incandescent lamp for each 500 sf building space, minimum one 
per room.  Power outlets shall be provided as coordinated with construction.  Temporary 
service connections and electrical charges shall be provided by the owner.  The 
contractor shall coordinate the exact location of this power with the owner. 

 
 



P.N. 23144  HNA Engineering, PLLC
  

 

GENERAL PROVISIONS, ELECTRICAL      26 01 00 - 3 

 

3.4 TEST, INSPECTIONS, ADJUSTMENTS, AND CLEANUP 
 

A. Wiring, 600 volts and less:  Make insulation tests with a "Megger", demonstrate that 
neither short circuits nor ground faults exist, and that wiring complies with NEC.  
Provide a copy of the insulation tests in the Close-Out documents.   

 
B. Furnish suitable testing equipment, give the Designer and all applicable authorities 

ample advance notice of all proposed tests and readiness of work for inspections, and 
conduct each test in their presence, as approved.  Do not conceal electrical work until 
all necessary inspections have been made and all required tests have been approved 
by the Owner's Representative and all applicable authorities. 

 
C. Put entire electrical system in operation, test all equipment, remedy all defects, and 

make all necessary adjustments.  Demonstrate that the entire system functions 
satisfactorily, as specified, as indicated, and as approved. 

 
D. After electrical system has been tested and before any field painting is commenced, 

clean up all electrical work thoroughly.  Remove all foreign matter which has 
accumulated in all fixtures, equipment, and enclosures.  Clean all fixture glassware and 
reflectors, and clean and polish all other surfaces that are not to be painted so that they 
present a new and acceptable appearance. 
 

 
3.5 PROTECTION AND CLEANING 
 

A. Work shall be protected at all times.  Conduit openings shall be closed with caps or 
plugs until permanent connections are made.  Fixtures and equipment shall be covered, 
if necessary, to protect against dirt, water, chemical or mechanical damage or 
defacement.  The installation of fixtures liable to damage shall be coordinated with 
installing UL fire protective barriers and ceiling systems. 

 
B. Electrical equipment rooms shall be cleaned up prior to energizing equipment and shall 

not be used for storage or other purposes after power is applied to the electrical 
equipments. 

 
 
3.6 OPERATING INSTRUCTIONS 
 

A. Furnish the services of personnel with experiences in the operation of an electrical 
system to instruct the Owner's personnel in the proper operation and maintenance of all 
equipment, for a period of not less than five working days. 

 
B. Furnish and deliver to the Owner three sets of operating instructions for all equipment 

installed under this contract, including shop drawings, piping diagrams, wiring diagrams, 
maintenance recommendations and information concerning replacement parts. 

 
C. All floor mounted electrical equipment shall be provided with 4” thick housekeeping 

pads which are 4 inches larger than the equipment. 
 

END OF SECTION 
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SECTION 260500 - BASIC MATERIALS AND METHODS, ELECTRICAL 

 

 

PART 1 - GENERAL 
 

  
1.1 SUBMITTALS  
 

A. Submit under provisions of Division 01. 
 
 

1.2 O&M MANUAL 
 
 A. The preliminary O&M Manuals shall be submitted thirty (30) days after final submittal 

approval. 
 
 B. Provide an electronic copy in searchable Adobe PDF format. 
 
 
1.3 ELECTRICAL WIRING FOR EQUIPMENT OF OTHER SECTIONS 
 

A. General: 
 

1. All electrical wiring of every description required to operate all equipment furnished 
by other Sections shall be done by the Electrical Section, except as otherwise 
specified hereinafter.  Read carefully all other Sections in which electrically 
operated equipment is specified, and include in the electrical work all electric wiring 
required for the proper operation of the equipment, whether indicated on the 
electrical drawings or not.  Coordinate the Electrical section work with that of all 
other Sections that furnish equipment requiring electrical connections. 

2. All control devices required to operate the equipment shall be furnished by the 
Section that furnishes the equipment, unless otherwise specified.  All control 
devices which are not factory mounted on the equipment and require electrical 
connections ONLY shall be installed by the Electrical Section.  All control devices 
which are not factory mounted on the equipment and require piping, linkage, 
remote bulb, or other mechanical connections as well as electrical connections 
shall be installed by the Section that furnishes the equipment involved, ready for 
electrical connections. 

3. Outlet locations indicated on the electrical drawings for motors, controls, and other 
electrically operated items of other Sections are APPROXIMATE ONLY, as the 
actual wiring requirements are not necessarily identical for the various makes of 
each item of equipment involved.  However, the Electrical Section shall locate all 
outlets and arrange all wiring to properly serve the equipment ACTUALLY 
INSTALLED, generally as indicated on the electrical drawings, but EXACTLY in 
accordance with rough-in sheets and/or wiring diagrams furnished by the other 
Sections involved. 

4. The necessary wiring diagrams shall be furnished by the Section that furnishes the 
equipment involved, and after these are approved, do all wiring accordingly. 

 
B. Wiring NOT Included:  Wiring which is factory installed on equipment. 
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C. Wiring Included:  Generally equipment of other Sections requiring wiring, includes but 
shall not be limited to the following items: 
1. Plumbing:  water heater. 
2. Door installation:  automatic door equipment. 
3. Food service: equipment connections. 
4. Special construction: equipment connections. 
5. Special type wire (other than type MTW):  If any of this is required for other 

Divisions, that wire shall be furnished by the other Divisions and installed under 
this Division. 

 
 

PART 2 – PRODUCTS  
 
 
2.1 HANGERS, SUPPORTS, AND SLEEVES 
 

A. Securely attach all hangers, supports, and devices to the building structure with anchors 
suitable for the types of building construction involved.  Provide all necessary pipe, 
angle iron, "Unistrut", "Kindorf", or other suitable steel auxiliary supports for the 
electrical work. 

 
B. Hangers or supports for conduits and raceways shall be standard conduit or raceway 

straps, or other suitable clamping devices.  Trapeze hangers may be used for groups of 
suspended horizontal conduits, with each conduit clamped to each trapeze bar.  
Perforated strap iron hangers will not be permitted. 

 
C. Maximum hanger or support spacing for all conduits shall be as required by the Codes.  

Support non-concrete encased underground conduits by laying with full length bearing 
on firm trench bottoms.  Support each riser conduit at each building floor level within 
one foot of floor, one foot of boxes, and every ten feet for vertical and horizontal runs; 
each run shall have at least one support. 

 
D. Adequately support all boxes, gutters, panelboards, switches, starters, fixtures, and 

other devices, and equipment.  Where supporting method is indicated or detailed, 
provide supports accordingly; OTHERWISE, supports shall be as required by the 
Codes, and as approved. 

 
E. Provide all necessary sleeves for conduits and other electrical items passing through 

concrete and masonry construction, where electrical items are not installed prior to 
concrete placing and masonry laying.  Sleeves through concrete walls, concrete 
columns, and concrete beams shall be IPS steel pipe or rigid steel conduit, flush with 
finished concrete surfaces.  Sleeves for all exposed conduits passing through floors 
(except slabs on ground) where water on floor can pass through the opening shall be 
galvanized IPS pipe or galvanized rigid steel conduit extending two inches above 
finished floor, and flush with slab below.  Other sleeves may be sheet metal or plastic. 
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2.2 CONDUIT AND FITTINGS, EXCEPT UNDERGROUND DUCTS 
 

A. Conduits:  These shall be zinc coated rigid steel, zinc coated steel electrical metallic 
tubing (hereinafter referred to as "thin wall conduit"), ANSI Specification C80.5 rigid 
aluminum, Carlon Schedule 40 Certainteed PVC Schedule 40 or Cantex PVC Schedule 
40 as approved UL listed heavy wall rigid PVC, as applicable.  In each case where the 
conduit type is indicated, specified, or required by the Codes, install only the indicated, 
specified, or Code required type; OTHERWISE, conduit usage shall be as follows: 
1. Embedded in concrete:  rigid steel coated with bituminous compound or PVC 

coated. 
2. Conduit below grade shall be PVC encased in concrete as indicated. 
3. For supporting fixture, outlet boxes, and other devices and equipment which are 

not directly anchored to the building structure:  rigid steel or rigid aluminum conduit, 
with all joints and connections threaded. 

4. Flexible connections:  flexible steel conduit ("Greenfield"), in short lengths only, at 
each motor connection and other location requiring flexibility; of liquid tight type 
where exposed to weather or excessive moisture. 

5. PVC conduit shall not be used in return air ceilings or plenums. 
6. Rigid metal conduit shall be used for service conductors entering and inside 

building. 
7. Rigid metal conduit shall be used for fire pump service wiring and all runs between 

controller and pump and other equipment.  All conduit within a fire pump room shall 
be rigid metal conduit except flexible connections to motors may be liquid tight type 
flexible steel conduit. 

8. All other locations:  thin wall or rigid steel, as applicable. 
9. DO NOT INSTALL ALUMINUM CONDUIT UNDERGROUND, IN CONTACT WITH 

GROUND, OR EMBEDDED IN CONCRETE. 
10. MC Cable is unacceptable, unless otherwise indicated on the drawings.  MC Cable 

allowed on the documents shall be supported at twice the NEC recommendations 
and shall be used for runouts only.  All homeruns shall be EMT. 

11. Minimum 0.75” conduit except switch legs may be 0.5” conduit. 
 

B. Conduit Fittings:  For metallic conduit, fittings shall be zinc coated steel, cast aluminum, 
or cast zinc.  For PVC conduit, fittings shall be of the same materials and make as those 
of the conduit.  All fittings exposed to weather shall be weatherproof type. 

 
C. Installation: 

 
1. General:  ream ends of all conduits after cutting.  Prior to wire pulling, keep all 

open conduit ends plugged, and swab out all trapped conduits in which water or 
moisture has collected.  Where conduits are concealed in walls, install these 
conduits so that the exposed wall faces will not be marred. 

2. PVC conduits:  solvent weld all joints between PVC materials, with cement 
furnished by the conduit manufacturer.  Provide suitable adapters where PVC 
conduits are coupled to metallic conduits.  Provide a rigid steel elbow at the base 
of each exposed riser from below ground and below floor to above ground and 
above floor.   
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3. Conduit routing, general:  see TYPE OF SYSTEM, METHOD OF WIRING 
hereinbefore for locations where concealed and exposed conduits are required 
and/or permitted.  Where conduit routings are detailed or dimensioned install 
conduits accordingly; OTHERWISE, install concealed conduits with the shortest 
practicable path, and install all exposed conduits in straight, level, and plumb lines, 
parallel with or at right angles with beams, walls, ceilings, and other building lines. 

4. Branch circuit conduit routings:  except where detailed or dimensioned, the 
indicated branch circuit conduit routings are generally diagrammatic, and are 
intended to show the required circuitry from panelboards to outlets.  However, if 
necessitated by job conditions, deviations from the indicated routings may be 
made, provided that regardless of the actual installed arrangement of the conduits: 
 each outlet marked with the same circuit number is connected to the same 
corresponding numbered circuit; outlets are switched and controlled as indicated; 
and no home run is brought into any switch box unless otherwise indicated. 

5. Thin wall conduit:  Use compression type fittings with proper tools for all joints and 
terminations.  Point screw type fittings are allowed with proper installation methods.  

 
 
2.3 UNDERGROUND DUCTS 
 

A. General:  Where indicated on the electrical drawings as "duct" or "ducts", underground 
conduits shall be PVC type, with concrete encasement. 

 
B. Duct Materials and Joints: 

1. PVC conduit:  This shall be Carlon Type EB or equivalent from Allied or Cantex, or 
as approved, UL listed. 

2. Fittings:  These shall include couplings, elbows (except the riser elbows specified 
below), adapters, and other necessary types, all of the same material and make as 
those of the PVC conduit. 

3. Joints between PVC materials shall be solvent welded type, made with cement 
furnished by the PVC conduit manufacturer. 

4. Riser elbows:  Provide a galvanized rigid steel conduit elbow at the base of each 
duct riser from below-ground and below-floor to above-ground and above-floor, 
coupled to the horizontal end of the PVC conduit with a suitable adapter. 

5. Supports and spacers:  Provide these as required to securely hold conduits in 
proper position prior to and during concrete placing, with required spacing between 
adjacent conduits. 

 
C. Concrete Encasement:  This shall be as detailed; if not detailed, concrete shall be at 

least 3" thick below, above, and on each side of the duct assembly.  (Concrete by 
Concrete Section, with 5/8" maximum size aggregate). 

 
D. Grounding Conductor:  For each run of one or more PVC conduits in an underground 

duct assembly, provide a single stranded copper grounding conductor, buried directly in 
the ground above the concrete encasement, and connected to the above-ground 
metallic conduit system at each end of the duct run. 

 
 
2.4 PULL BOXES, JUNCTION BOXES, AND WIRING GUTTERS 
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A. General:  Pull boxes, junction boxes, and wiring gutters shall be of the types and 
minimum sizes indicated, or as required for the conditions involved where types and 
sizes are not indicated.  Before installation, check proposed locations of boxes and 
gutters with the architectural, structural, and mechanical drawings, and locate each box 
and gutter so that it will be accessible in the finished project. 

 
B. Underground Boxes:  These shall be galvanized cast iron strictly watertight submersible 

type, with wide flanges on box top, neoprene cover gasket, cover bolted on with 
stainless steel bolts, and threaded hubs for all conduit connections. 

 
C. Above Ground Boxes and Gutters:  These shall be galvanized steel of at least Code 

gauge for each size involved, and of weatherproof construction where exposed to 
weather. 
1. Where indicated, boxes for under ground conduits shall be above ground and 

encased in concrete pedestals, as detailed. 
 
 

2.5 OUTLET BOXES 
 

A. General:  Outlet boxes and covers therefor shall be steel or cast ferrous metal with zinc 
or other suitable metallic rustproof coating, or cast aluminum, all of the proper sizes and 
types to accommodate the conduits, conductors, connections, devices, fixtures, 
architectural conditions, and structural conditions involved. 
 
 

B. Installation: 
1. Before installation, check proposed location of each outlet box with the 

architectural, structural, and mechanical drawings, and locate each outlet box so 
that it will be accessible and interference free in the finished project. 

2. Set each concealed box flush with finished surfaces, and so that exposed finished 
surfaces will not be marred. 

3. Install each wall switch on the knob side of the door involved.  Before placing each 
wall switch box, verify the applicable door swing with the architectural drawings, 
and locate the wall switch box accordingly. 

4. Where equipment is served by exposed flexible cords, locate the outlet box as near 
as practicable to the equipment connection point, to minimize flexible cord length. 
 

 
2.6 WIRE, JOINTS, AND SPLICES, 600 VOLTS AND LESS 
 

A. Lighting and power wire shall be copper only:  Types shall be as follows: 
  

1. Feeders shall be copper as indicated on single line diagram. 
2. High temperature and other special conditions:  types NEC approved for the 

conditions involved. 
3. Exposed flexible cords:  Type S, with grounding conductor. 
4. Direct earth burial:  Type USE, with neoprene jacket. 
5. All other lighting and power wire:  No. 8 and larger, Type THWN stranded; No. 10 

and smaller, Type THWN/THHN solid. 
 

B. Control wire shall be Type MTW copper, stranded. 
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C. Signaling, sound, communications, alarm, indicating, and other special system wire 

shall be copper, of the types specified hereinafter with the equipment, or as indicated, or 
as recommended by the equipment manufacturers if neither indicated nor specified. 

 
D. Wire Sizes:  Where sizes are neither indicated nor otherwise specified wire sizes shall 

be: 
1. Branch circuit wire:  No. 12. 
2. Control wire:  No. 14, or as recommended by the control manufacturer. 
3. Special system wire:  as recommended by the manufacturer of the equipment 

involved. 
4. Home runs shall be 12 gauge if the distance from the panelboard to first outlet is 

less than 100 feet; 10 gauge if distance is over 100 feet. 
 

E. Identification: 
1. General:  All wires shall be identified as required by NEC. 
2. Control and special systems wire:  these shall be color coded throughout, or 

identified at each terminal and junction point with a suitable permanently attached 
tag or label. 

 
F. Joints and Splices:  Make these with suitable solderless connectors, in the various 

boxes, gutters, and similar locations, but not in any conduit.  Leave enough wire slack to 
permit at least one splice or joint to be remade in case of fault. 
1. Branch circuit, control, and special system wire joints:  use Ideal, Buchanan, 3M, or 

similar tool-applied to twist-on type connectors. 
2. All other wire joints:  use Ilsco tin plated aluminum type pressure connectors, or 

suitable brass, bronze, or copper pressure type connectors. 
3. Insulate all joints and splices with suitable insulating sleeves or caps integral with 

the connectors or separate therefrom, or with vinyl plastic insulating tape. 
 
 

2.7 ELECTRICAL IDENTIFICATION AND NAMEPLATES 
 
 A. Conductors identified by wire markers shall be branch circuits in the panel or panelboard 
and at the point of termination.  The text shall be of black, non-smear ink.  Text shall be pre-
printed letters and numbers.  Combinations of text and numbers shall be used to indicate the 
branch circuit or other use of the conductor or cable. 
 
 B. Disconnects, panelboards shall be identified with name plates with 1.5” black lettering 

with white background.  Provide 1.5” white lettering with red background on all 
equipment served by generator. 

 
 C. Each panelboard shall be included with a label listing the following: 
  1. Source info  
  2. Voltage/Phase 
  3. Current/Phase 
 
 D. Junction boxes and pull boxes shall be identified with the circuit numbers and panel 

designation in permanent marker or label. 
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 E. All conduits shall be labeled with circuit numbers labeled with permanent marker at 
conduit entry into panelboard. 

 
 
2.8 FUSES 
 

A. General:  Provide fuses of the indicated types and sizes, in place, for each device 
requiring fuses. Unless otherwise indicated, fuses shall be dual element non-renewable 
delay type.  Fuses shall be Bussman, and Littlefuse. 
1. Spare Fuses:  Furnish three spare fuses of each size and type required for the 

electrical system, deliver these to the Owner's representative in a suitable clearly 
labeled box, and obtain signed receipt for delivery.  Include this receipt in the 
Close-Out documents. 
 

 
2.9 DISCONNECT SWITCHES, MOTOR STARTERS, AND SEPARATE CIRCUIT 
BREAKERS 
 

A. General:  Except as otherwise specified below, Electrical Section shall provide 
disconnect switches, circuit breakers, and motor starters for all motors and other 
electrically operated equipment, regardless of who furnishes and/or installs that 
equipment.  Types and locations of these devices shall be as indicated, or as required 
where types and/or locations are not indicated. 
1. These devices which are located on other equipment shall be as specified under 

the corresponding headings; these devices NOT located on other equipment shall 
be as specified below, and shall be separately mounted. 

2. Separately mounted disconnect switches, circuit breakers, and motor starters shall 
be Square D, Allen-Bradley, Eaton Cutler Hammer, or as approved. Enclosure 
types shall be:  NEMA 3R for devices exposed to weather; NEC required type for 
devices in other special locations; and NEMA 1 type for devices in other locations.  
Each circuit breaker and each disconnect switch, including those integral with 
motor starters, shall have padlocking means. 

3. All terminals for disconnect switches, circuit breakers and motor starters shall be 
rated and marked for 75 degrees C terminations. 

 
B. Disconnect Switches:  These shall be:  non-fused heavy duty type safety switches 

where overcurrent protection is not required; and fused heavy duty type safety switches 
or circuit breakers (as indicated) where overcurrent protection is required; except that 
other suitable properly rated switches may be used for fractional hp motors and other 
small loads. 

 
C. Circuit Breakers:  These shall be molded case type.  Breakers shall be quick make, 

quick break type with trip indications shown and with common trip handle on all multi-
pole breaker. 

 
D. Manual Motor Starters:  These shall have neon motor running pilot lights and proper 

sized overload protective devices for the motors involved; and shall be surface mounted 
in equipment rooms and unfinished areas, and flush mounted in finished area.  Where 
manual motor starters are not indicated, small manually controlled motors shall be 
controlled directly by the panelboard circuit breakers. 
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E. Magnetic Motor Starter:  Each motor of 1/8 hp or larger shall be provided with thermal 
overload protection.  Polyphase motors shall have overload protection in each 
ungrounded conductor.  The overload-protection device shall be provided either integral 
with the motor or controller, unless otherwise specified, the protective device shall be of 
the manually reset type.  Magnetic starters shall be NEMA size and type including the 
NEMA withstand ratings, with the automatic-control device actuating the pilot-control 
circuit.  Each magnetic starter shall have a built in control circuit transformer to supply 
120 volts to the control circuit.  Each magnetic starter shall be provided with a three-
position selector switch marked MANUAL-OFF-AUTOMATIC.  Connections to the 
selector switch shall be such that only the normal automatic regulatory control devices 
will be bypassed when the switch is in the Manual position; all safety control devices, 
such as low or high-pressure cutouts, high-temperature cutouts, and motor-overload 
protective devices, shall be connected in the motor-control circuit in both the Manual 
and the Automatic positions of the selector switch.  Two auxiliary contacts shall be a 
part of the starters.  Control circuit connections to any MANUAL-OFF-AUTOMATIC 
switch or to more than one automatic regulatory control device shall be made in 
accordance with approved wiring diagram.  All controls shall be 120 volts or less unless 
otherwise indicated. All motors with a rating of 50 hp and above shall have 
autotransformer reduced voltage starters; motors less than 50 hp shall be line voltage 
starters. 

 
F. Identification of Separately Enclosed Devices:  Identify each separately enclosed circuit 

breaker, disconnect switch, magnetic motor starter, and manual motor starter, by 
attaching to the device cover a metal or plastic nameplate clearly and permanently 
lettered with the description and location of the equipment controlled by the device. 

 
G. Devices Furnished by Other Sections or Others: 

1. 3/4 hp and small single phase roof mounted fans:  If the disconnect switches for 
these are furnished with and factory mounted on the equipment; Electrical Section 
shall connect to fan motors and/or switches, as required.  Verify that disconnects 
are furnished by others. 

 
 
2.10 DEVICES 
 

A. General: 
1. Wiring devices shall be Hubbell, Leviton, Pass & Seymour Legrand or other makes 

as approved or as specified below or on drawings.  Type of wiring devices required 
for this project shall be as indicated on the drawings, or suitable for the application 
involved if type is not indicated; qualities, ratings, and other requirements of wiring 
devices shall be as specified below.  All wiring device types specified below may 
not necessarily be required for this project. 

2. Receptacle configurations shall conform to NEMA standards unless otherwise 
noted. 

3. Exposed finish shall be:  for each device with a plastic plate, same color as that of 
plate; for devices with stainless steel plates, brown; and for all other devices, 
brown or black. Hospital grade, isolated ground receptacles and emergency 
devices shall be marked by symbol on the face.  Coordinate device and plate color 
requirements with designer. 
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B. Devices:  Qualities, ratings, and other requirements shall be: (All models are based on 
Hubbell – other manufacturers are Leviton, Pass & Seymour Legrand or as approved) 
1. Wall switches:  20A 120-277VAC, single or double pole, 3 or 4 way, as applicable; 

Hubbell 1221 series.  Where indicated as WEATHERPROOF, the above specified 
switch, Hubbell 7420.  Wall switches with occupancy sensors as shown on 
drawings. 

2. Momentary contact switches:  20A 120-277 volt, SPDT, three position with center 
off; Hubbell 1557 series. 

3. Door switches:  Hubbell RDS50. 
4. Duplex receptacles:  (Commercial) 20A 125 volt, 2 pole, 3 wire grounding: Hubbell 

5362.  Where indicated as WEATHERPROOF the above specified duplex 
receptacle Hubbell 5206WO, double lift spring door cover. 

5. Ground fault circuit interrupter receptacles:  (Commercial) 20A 125 volt feed 
through duplex 5ma sensitivity type with test and reset buttons; Hubbell GF5362.  
Where indicated as WEATHERPROOF, the above specified receptacle with 
Hubbell CWP26H spring door cover. 

6. Single Receptacle:  (Commercial) 20A 125 volt, 2 pole, 3 wire grounding Hubbell 
5361. Single receptacles:  30A, 125 volt, 2 pole, 3 wire grounding; Hubbell No. 
9308. 

7. Single receptacles:  20A, 250 volt, 2 pole 3 wire grounding; Hubbell 5461. 
8. Flush floor receptacles:  20A 125 volt, 2 pole, 3 wire grounding; above specified 

single receptacle with Steel City 889 and P-90-2 receptacle and floor plates. 
9. Standing floor receptacles:  20A 125 volt, 2 pole, 3 wire grounding; above specified 

duplex receptacle in Steel City SFH-40 or equal outlet fitting. 
10. Other devices not specified above; as indicated on the drawings. 

 
C. Device Plates:  Unless otherwise specified or inapplicable to the devices involved, 

plates shall be: emergency circuit devices as selected by Designer, plastic; isolated 
ground receptacles, as selected by Designer.  In finished areas device plate colors shall 
be as selected by Designer, and unfinished areas, brown plastic for flush devices, and 
zinc coated steel for surface devices. 
1. Identification of Emergency System Receptacles:  Emergency system receptacles 

shall be red in color. 
2. Identification of Data Processing Equipment Receptacles:  These shall be 

engraved or hot stamped "Data Processing Equipment Only". 
 
 
3.1 INSTALLATION 
 

A. Run exposed conduit, trays, and other wireways parallel to the principal parts of the 
building.  Wireways shall be run concealed when provisions are made in floors, walls, 
ceilings, and chases through all finished areas.  Fire stop all openings around conduit 
which penetrates floors and walls with approved non-combustible materials, slabs on 
grade are accepted. 

 
B. Conduits and other raceways shall be kept as close as possible to ceilings, walls, 

columns, etc., and shall be installed in such an orderly manner as to take up a minimum 
of space and allow a maximum of headroom, per applicable codes. 

 
C. Circuiting:  Circuit numbers shown on drawings indicate specific panelboard to which 

each branch circuit shall be connected, and specific outlets which shall be connected to 
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each branch circuit, and unless otherwise indicated these circuit numbers do not 
necessarily indicate actual number of circuit breaker in each panel to which each branch 
circuit shall be connected.  Connect each outlet marked with same circuit number to 
same numbered branch circuit, and connect each branch circuit to indicated 
panelboard.  In each individual panelboard: 
1. Balance active circuits on panelboard busses, and leave spare circuit breakers 

equally divided among panelboard busses, as nearly as practicable. 
2. Connect each ungrounded wire of each 3 and 4 wire common neutral circuit to a 

different panelboard bus. 
3. Group conveniently at top of panelboard all breakers used for switching lights not 

having wall or other switches, and neatly paint handles of all such breakers with 
white durable quick drying automobile touch up or other similar type lacquer for 
each identification as light switches.  This does not apply to any panelboard in 
which ALL circuit breakers serve as lighting switches. 

 
D. Provide templates, layouts drawings, and supervision to ensure correct placement of 

anchors and conduit projecting in concrete. 
 

E. Painting shall be done to repair scratches to surfaces, electrical equipment nameplates 
shall be protected from paint. 

 
F. Qualifications:  Where specific qualifications are specified in individual specification 

section, provide required data with Subcontractor list. 
 
 
3.2 TYPE OF SYSTEM, WIRING METHOD 
 

A. Electrical system characteristics:  These shall be as indicated.  In addition, whether 
indicated or not, provide low voltage (less than 120 volts) wiring for controls and other 
purposes, as required for the complete electrical system. 

 
B. Enclosures:  Regardless of voltage or use, install wiring in conduits and metal or other 

enclosures, unless otherwise indicated or otherwise specified. 
 

C. Finished Areas:  Conceal conduits below floors, within slabs, within walls, within pipe 
chases, above suspended ceilings, and within other building construction, in offices, rest 
rooms, and other finished areas, unless otherwise indicated. 

 
D. Unfinished Areas:  Install above-floor conduits exposed in areas where pipe chases or 

suspended ceilings are not indicated or concealing is otherwise impractical, in 
mechanical and electrical equipment rooms, manufacturing areas, warehouse or 
storage areas, and other unfinished areas. 

 
E. Flexible Cords:  Exposed flexible cords approved for the purpose involved shall be used 

to connect equipment where indicated or specified, and where equipment is factory 
furnished with or factory arranged for flexible cord connections only.  However, in each 
such case, install the supply outlet as near as practical to the equipment served 
thereby, and use the shortest practical length of exposed flexible cord between the 
equipment and the outlet.  If a receptacle is used as an outlet, the receptacle and the 
cord plug shall be 3 or 4 wire (as applicable) grounding twist-lock type. 
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F. Ground electrical equipment and conductors as required by NEC and other applicable 
electrical codes. 
1. Panelboards served by individual transformers: ground panelboard neutral busses 

to building grounding system. 
2. All metallic cable sheaths, cable shields, metal conduit, transformer cases, 

cabinets and pedestals shall be made electrically secure to form a continuous 
system and shall be grounded. 

3. The neutral shall only be grounded at the panelboard or service grounding device.  
Grounding conductors shall be continuous between the service and the driven 
grounding electrode or other grounding electrode as permitted in Part H of NEC 
Article 250. 

4. All conduits shall have code sized green equipment grounding conductors with 
diameter based on the largest circuit in each conduit. 
 

 
3.3 EXCAVATION AND BACKFILL 
 

A. Excavate and backfill as required for the electrical work.  Cut bottoms of trenches to the 
proper lines and grades to provide firm and continuous support for the underground 
electrical work, and to provide 24 inch MINIMUM depth from finished grade to tops of all 
exterior underground electrical work.  Sheet and brace excavations as required to 
protect personnel and adjacent structures. 

 
B. After the underground electrical work has been installed and approved, place all backfill 

in 8 inch maximum thickness loose layers, and compact each layer to at least the 
density of the adjacent undisturbed site soil, using pneumatic or other suitable power 
tampers.  Mass backfilling (backfilling without tamping) is prohibited. 

 
C. Warning tape for buried electrical work:  install detectable warning tape directly over 

every device by burying tape as close to the surface as possible but no less than six 
inches beneath finished grade.  Tape shall be Reef Industries, Inc., "Terra Tape D", or 
equal as approved, composition metallized foil-plastic film laminate bearing imprint 
describing the type of buried electrical work.  All materials shall be specifically 
formulated for prolonged use underground. 
 

 
3.4 FIRE WALL PENETRATIONS 
 

A. Four hour fire walls shall not be penetrated with conduit runs.  Conduit runs shall be 
routed under the floor in these areas.  UL listed approved fire stops shall be provided for 
all two hour wall penetrations. 

 
B. FEEDER, STARTER, SWITCH, PROTECTIVE DEVICE, AND OTHER ELECTRICAL  

DEVICE SIZES 
  

A. Capacities of feeders, motor starters, circuit breakers, switches, protective devices, and 
other electrical devices indicated to be furnished and installed by Electrical Section for 
electrically operated equipment, regardless of who furnishes and/or installs that 
equipment, are based upon the average horsepower and/or electrical ratings. 
HORSEPOWER AND/OR ELECTRICAL RATINGS OF ELECTRICALLY OPERATED 
EQUIPMENT INDICATED ON ELECTRICAL DRAWINGS SHALL NOT LIMIT SIZES 
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OF THE ELECTRICALLY OPERATED EQUIPMENT AND CAPACITY OF THE 
ELECTRICAL WORK.  
 
1. Equipment electrical requirements are based on the specified manufacturer and 

model.  Alternate equipment and model revisions result in electrical load variations 
and is the responsibility of the contractor.  Before commencing electrical work for 
electrically operated equipment, Electrical section shall:  check horsepower and/or 
electrical rating of each individual electrically operated equipment items, regardless 
of who furnishes and/or installs that equipment; and adjust sizes of all applicable 
feeders, motor starters, circuit breakers, switches, protective devices, and other 
electrical devices furnished by Electrical Section, as required to provide proper 
protection and satisfactory operation of the electrically operated equipment actually 
installed.  This includes increasing to next larger size, or decreasing to next smaller 
size, all feeders, circuit breakers, starters, switches, protective devices, and other 
electrical devices involved, as required to match capacities of corresponding 
electrically operated equipment actually installed, except that no sizes shall be 
decreased without approval. 

 
B. Switches, circuit breakers, motor starters, protective devices, and other electrical 

devices furnished by other Sections and by others for installation and/or wiring by 
Electrical Section, are specified elsewhere to have adequate capacities to serve the 
electrically operated equipment for which they are furnished.  However, BEFORE 
installing and/or wiring each of these devices, Electrical Section shall check each 
individual device's electrical rating with the horsepower and/or electrical rating of the 
corresponding electrically operated equipment actually installed, regardless of who 
furnishes and/or installs the devices and equipment.  Electrical Section shall not install 
and/or wire any device that is found to be the incorrect size, and shall see to it that 
correctly sized devices are furnished by the applicable Section and other applicable 
persons in all cases. 

 
C. The intent and requirement of the above is to obtain a coordinated electrical system and 

all of the above shall be done by Electrical Section as part of the contract, at no extra 
cost to the Owner. 

 
 

END OF SECTION 
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SECTION 260526 - GROUNDING AND BONDING 

 
1.1 SUBMITTALS 
 

A. Submit under provisions of Section 01 33 00. 
 

B. Submit shop drawings for final approval. 
 

C. Clearly detail shapes, general construction, and installation details. 
 

D. Submit manufacturer's installation instructions. 
 

E. Submit samples of the following for final approval. 
 
 
2.1 GROUNDING CABLES 
 

A. Materials: 
1. Grounding conductors shall be tinned soft drawn annealed copper, size and type 

as follows: 
a. Grounding for stress relief cones and splices shall be No. 4 AWG, solid, soft 

drawn annealed. 
b. All other grounding required minimum No. 4 AWG solid soft drawn annealed 

unless otherwise specified. 
2. Grounding conductors shall be tinned soft drawn annealed copper, size and types 

as follows: 
a. From primary riser pole to 3-phase transformer No. 2 AWG bare stranded. 

 
B. Joints and splices:  Make these with suitable copper compression connectors, in 

manholes and pull boxes, but not in any conduit.  Leave enough wire slack to permit 
at least one splice or joint to be remade in case of damage. 

 
2.2 INSTALLATION OF GROUNDING SYSTEM 
 

A. Underground Distribution: 
1. Ground: 

a. On site, outdoor electrical equipment to driven ground rods. 
b. Interrupted metallic raceways, with ground conductors connected to metallic 

raceway at each end. 
c. Transformer and secondary neutral; to driven ground rods including: 

(1) Cable shielding. 
(2) Metallic raceways. 
(3) Hardware. 
(4) Grounding conductors. 

 
B. Pull Boxes and Manholes: 

1. Ground: 
a. On site pull boxes and manholes to the grounding system including: 

(1) Cable shielding. 
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(2) Metallic raceways. 
(3) Hardware. 
(4) Ground conductors. 

b. Interrupted metallic raceways, with ground conductor connected to metallic 
raceways at each end. 
 

3.1 FIELD TESTING OF GROUNDING ELECTRODE 
 

A. The ground rod electrode in the transformer pad shall have a resistance to ground test 
performed.  The test shall be made with a self-contained direct reading meter such 
as "Vibroground" or "Groundohmer". 

 
B. The maximum resistance to ground shall not exceed 25 ohms with all grounding leads 

disconnected from the electrode at temperatures above 32 degrees Fahrenheit and 
soil moisture content above 20 percent. 

 
C. If the resistance to ground of the existing electrode exceeds 25 ohms install additional 

grounding electrodes as necessary to obtain the specified resistance.  Additional 
electrodes shall be minimum 3/4 inch diameter by eight foot in length, copper-clad 
steel. 

 
D. Where rock is encountered and the electrodes cannot be vertically driven their full 

length install a grounding trench system consisting of an 18 inch minimum depth 
trench and place within the trench a single conductor No. 2/0 AWG stranded bare 
copper wire connected to the electrode.  The length of wire shall be such that the 
specified resistance can be obtained and the minimum length shall be 100 feet. 

 
E. The grounding trench shall be located in an area and position such that surface 

activities will not disturb the system.  Location of the trench shall be approved by the 
Engineer. 

 
 
 END OF SECTION 
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SECTION 260548 - ELECTRICAL SUPPORTS AND SEISMIC RESTRAINTS 

 

 

PART 1 – GENERAL 
 
 

1.1 DEFINITIONS 
 

A. EMT: Electrical metallic tubing. 
 

B. IMC: Intermediate metal conduit. 
 

C. RMC: Rigid metal conduit. 
 

D. SBC: The current version of the Standard Building Code. 
 

E. IBC: The correct resin of the International Building Code. 
 

F. Seismic Restraint: A structural support element such as a metal framing member, a 
cable, an anchor bolt or stud, a fastening device, or an assembly of these items used 
to transmit seismic forces from an item of equipment or system to building structure 
and to limit movement of item during a seismic event. 
 

 

1.2 SUBMITTALS 
 

A. Product Data: Illustrate and indicate style, material, strength, fastening provision, and finish 
for each type and size of electrical support and seismic-restraint component used. 

 
1. Tabulate types and sizes of seismic restraints, complete with report numbers 

and rated strength in tension and shear. 
2. Annotate to indicate application of each product submitted and compliance 

with requirements. 
 

B. Calculations: 
 
1. For applicable electrical items listed in IBC Section 1621 and based upon the 

Project Conditions, provide calculations signed and sealed by a qualified 
Professional Engineer. The calculations shall first analyze each equipment item 
mounted utilizing the maximum number and size of the factory supplied mounting 
bolts including attachment and anchorage devices. 

 

2. Where it is determined that the factory mounting bolts are not sufficient to meet the 
seismic forces, additional supports and restraints and associated calculations are 
required. These shall be submitted in the Shop Drawings section below. 

 

C. Shop Drawings: Indicate materials and dimensions and identify hardware, including 
attachment and anchorage devices, signed and sealed by a qualified Professional 
Engineer. Include the following: 
 
1. Fabricated Supports: Representations of field-fabricated supports not detailed on 

Drawings. 
2. Seismic Restraints: Detail anchorage and bracing not defined by details or 

charts on Drawings. Include the following: 
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a. Design Analysis: To support selection and arrangement of seismic restraints. 
Include calculations of combined tensile and shear loads. 
 
 

b. Details: Detail fabrication and arrangement. Detail attachments of 
restraints to the restrained items and to the structure. Show attachment 
locations, methods, and spacing. Identify components, list their strengths, 
and indicate directions and values of forces transmitted to the structure 
during seismic events. 
 

D. Coordination Drawings: Show coordination of seismic bracing for electrical components 
with other systems and equipment in the vicinity, including other supports and seismic 
restraints. 

 

E. Welding certificates. 
 

F. Qualification Data: For Professional Engineer. 
 

G. Field quality-control test reports. 
 

 

1.3 QUALITY ASSURANCE 
 

A. Comply with seismic-restraint requirements in the IBC unless requirements in this Section 
are more stringent. 

 

B. Testing of Seismic Anchorage Devices:   Comply with testing requirements in Part 3 
and in Division 26 Section "Basic Electrical Materials and Methods." 

 

C. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 
Welding Code - Steel." 

 

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

 

 

1.4 PROJECT CONDITIONS 
 

A. Project seismic zone information is Seismic Hazard Exposure Group II, Seismic 
Performance Category C, Effective Peak Velocity - Related Acceleration Coefficient of 
0.10. 

 

 

PART 2 – PRODUCTS 
 
 

2.1 MANUFACTURERS 
 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, 
manufacturers specified. 
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B. Manufacturers: Subject to compliance with requirements, provide products by one 
of the manufacturers specified. 

 

 

 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 
 

A. Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads 
calculated or imposed under this Project, with a minimum structural safety factor of five 
times the applied force. 

 

B. Steel Slotted Support Systems:  Comply with MFMA-3, factory-fabricated components 
for field assembly. 
 
1. Available Manufacturers: 

 
a. Cooper B-Line; a division of Cooper Industries. 
b. Unistrut; Tyco International, Ltd. 
c. Or approved equal 

 

2. Finishes: 

 
a. Metallic Coatings:   Hot-dip galvanized after fabrication and applied 

according to MFMA-3. 
b. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or 

polyester coating applied according to MFMA-3. 
c. Painted Coatings:  Manufacturer's standard painted coating applied 

according to MFMA-3. 
 

3. Channel Dimensions: Selected for structural loading and applicable seismic forces. 
 

C. Nonmetallic Slotted Support Systems: Structural-grade, factory-formed, glass-fiber-resin 
channels and angles with 9/16-inch- (14-mm-) diameter holes at a maximum of 8 
inches (200 mm) o.c., in at least 1 surface. 
 
1. Available Manufacturers: 

a. Allied Support Systems; Aickinstrut Unit. 
b. Cooper B-Line; a division of Cooper Industries. 
c. Or Approved Equal 

2. Fittings and Accessories: Products of channel and angle manufacturer and 
designed for use with those items. 

3. Fitting and Accessory Materials: Same as channels and angles. 
4. Rated Strength: Selected to suit structural loading and applicable seismic forces. 

 

D. Raceway and Cable Supports: As described in NECA 1. 
 

E. Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and 
associated fittings, designed for types and sizes of raceway or cable to be supported. 

 

F. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of 
threaded body and insulating wedging plug or plugs for non-armored electrical 
conductors or cables in riser conduits. Plugs shall have number, size, and shape of 
conductor gripping pieces as required to suit individual conductors or cables supported. 
Body shall be malleable iron. 
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G. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates, 
shapes, and bars; black and galvanized. 

 

H. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items 
or their supports to building surfaces include the following: 
1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland 

cement concrete, steel, or wood, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 
 
a. Available Manufacturers: 

 
1) Hilti, Inc. 
2) 3M 
3) Or Approved Equal 

 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in 
hardened portland cement concrete with tension, shear, and pullout 
capacities appropriate for supported loads and building materials in which used. 
 
a. Available Manufacturers: 

 
1) Cooper B-Line; a division of Cooper Industries. 
2) Hilti, Inc. 
3) 3M 

 
3. Concrete Inserts:   Steel or malleable-iron slotted-support-system units similar 

to MSS Type 18; complying with MFMA-3 or MSS SP-58. 
4. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for 

attached structural element. 
5. Through Bolts: Structural type, hex head, high strength. Comply with ASTM A 325. 
6. Toggle Bolts: All-steel springhead type. 
7. Hanger Rods: Threaded steel. 

 
 

2.3 SEISMIC-RESTRAINT COMPONENTS 
 

A. Rated Strength, Features, and Application Requirements for Restraint Components: As 
defined in reports by an agency acceptable to authorities having jurisdiction. 
 
1. Structural Safety Factor: Strength in tension, shear, and pullout force of 

components used shall be at least five times the maximum seismic forces to 
which they will be subjected. 

 

B. Angle and Channel-Type Brace Assemblies: Steel angles or steel slotted-support-
system components; with accessories for attachment to braced component at one 
end and to building structure at the other end. 

 

C. Cable Restraints: ASTM A 603, zinc-coated, steel wire rope attached to steel or 
stainless-steel thimbles, brackets, swivels, and bolts designed for restraining cable 
service. 
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1. Available Manufacturers: 
 
a. Amber/Booth Company, Inc. 
b. Mason Industries, Inc. 
c. Or approved equal 

 
2. Seismic Mountings, Anchors, and Attachments: Devices as specified in Part 2 

"Support, Anchorage, and Attachment Components" Article, selected to resist 
seismic forces. 

3. Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with 
internally bolted connections Reinforcing steel angle clamped to hanger rod, of 
design recognized by an agency acceptable to authorities having jurisdiction. 

4. Bushings for Floor-Mounted Equipment Anchors: Neoprene units designed for 
seismically rated rigid equipment mountings, and matched to type and size of 
anchor bolts and studs used. 

5. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of 
neoprene elements and steel sleeves designed for seismically rated rigid 
equipment mountings, and matched to type and size of attachment devices used. 

 

 

2.4 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 
 

A. Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit 
dimensions of supported equipment. 

 

 

PART 3 – EXECUTION 

 
3.1 APPLICATION 

 

A. Comply with NECA 1 for application of hangers and supports for electrical equipment and 
systems, except if requirements in this Section are stricter. 

 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports 
for EMT, IMC, and RMC as scheduled in NECA 1, where Table 1 lists maximum 
spacings less than stated in NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in 
diameter. 

 

C. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel 
slotted or other support system, sized so capacity can be increased by at least 25 
percent in future without exceeding specified design load limits. 
1. Secure raceways and cables to trapeze member with clamps approved for 

application by an agency acceptable to authorities having jurisdiction. 
2. Secure raceways and cables to these supports with two-bolt conduit clamps 

single-bolt conduit clamps using spring friction action for retention in support 
channel. 

D. Spring-steel clamps designed for supporting single conduits without bolts may be 
used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits and 
communication systems above suspended ceilings and for fastening raceways to 
trapeze supports. 

 

E. All conduits, whether individual or grouped, shall be mounted as tight to structure as 
possible. 
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3.2 SUPPORT AND SEISMIC-RESTRAINT INSTALLATION 
 

A. Comply with NECA 1 for installation requirements, except as specified in this Article. 
 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC, and 
RMC may be supported by openings through structure members, as permitted in NFPA 
70. 

 

C. Install seismic-restraint components using methods approved by the evaluation service 
providing required submittals for component. 

 

D. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select 
sizes of components so strength will be adequate to carry present and future static and 
seismic loads within specified loading limits. Minimum static design load used for strength 
determination shall be weight of supported components plus 200 lb (90 kg). 

 

E. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor 
and fasten electrical items and their supports to building structural elements by the 
following methods unless otherwise indicated by code: 
 
1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion 

anchor fasteners on solid masonry units. 
4. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS 

SP-69 Spring-tension clamps. 
5. To Light Steel: Sheet metal screws. 
6. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount 

cabinets, panelboards, disconnect switches, control enclosures, pull and junction 
boxes, transformers, and other devices on slotted-channel racks attached to 
substrate by means that meet seismic-restraint strength and anchorage 
requirements. 

 

F. Drill holes for expansion anchors in concrete at locations and to depths that avoid 
reinforcing bars. 

 

 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 
 

 

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

 

B. Field Welding: Comply with AWS D1.1/D1.1M. 

 

 

3.4 CONCRETE BASES 
 

A. Concrete Bases: Anchor equipment to concrete base according to equipment 
manufacturer's written instructions and seismic criteria at Project. 

B. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) 
larger in both directions than supported unit, and so expansion anchors will be a 
minimum of 10 bolt diameters from edge of the base. 
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1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of 
the base. 

2. Install epoxy-coated anchor bolts for supported equipment that extend through 
concrete base, and anchor into structural concrete floor. 

3. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished 
with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

5. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
6. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete.  

 

3.5 INSTALLATION OF SEISMIC-RESTRAINT COMPONENTS 
 

A. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolt and mounting hole in concrete base. 

 

B. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to 
provide resilient media where equipment or equipment-mounting channels are attached 
to wall. 

 

C. Restraint Cables: Provide slack within maximums recommended by manufacturer. 
 

D. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, upper truss chords of bar joists, or at concrete members. 

 

 

3.6 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 
 

A. Make flexible connections in runs of raceways, cables, wireways, cable trays, and 
busways where they cross expansion and seismic-control joints, where adjacent sections 
or branches are supported by different structural elements, and where they terminate 
with connection to electrical equipment that is anchored to a different structural element 
from the one supporting them as they approach equipment. 

 

 

3.7 LIGHT FIXTURE 
 

A. Installation: 
1. Pendant fixtures: In addition to the normal chain or conduit or cable mounting, each 

pendant fixture shall have one zinc coated, high strength, steel rope cable with 
connections designed for cable service run between fixture and structure above. 

2. Recessed lay-in type fluorescent fixtures shall be secured to the ceiling tee bar by 
running a self-tapping screw through the vertical part of the tee bar main runners 
only and the fixture at each of the four corners of the fixture. In addition, support 
the fixture from the structure above with two 12 gauge steel wires attached to the 
fixture at diagonally opposite corners. 

3. Surface and wall mounted fixtures shall be secured with a minimum of four bolts or 
screws. 
Do not use clips or fasteners. The bolts or screws shall be run through or into a 
structural member, slab, stud or other support added for this purpose. Do not 
secure or support the weight of the fixtures from gypboard on walls or any ceiling 
material.  Fixtures attached to ceiling tees shall be attached to the main runners 
only with at least two positive clamping devices. Rotational spring catches or 
other clips shall not be used. A 12 gauge steel wire shall be attached to each 
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clamping device and to the structure above. Chain hangers shall be secured to the 
fixture and the structure with screws or bolts. Do not use clips or fasteners. 
 

3.8 FIELD QUALITY CONTROL 
 

A. Testing Agency:  Engage a qualified independent testing and inspecting agency to 
perform field tests and inspections and prepare test reports. 

 

B. Testing: Test pullout resistance of seismic anchorage devices. 
1. Provide evidence of recent calibration of test equipment by a testing agency 

acceptable to authorities having jurisdiction. 
2. Schedule test with Owner, through Designer, before connecting anchorage 

device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice. 

3. Obtain Designer’s approval before transmitting test loads to structure. Provide 
temporary load-spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners 
selected by Designer. 

5. Test to 90 percent of rated proof load of device. 
6. If a device fails test, modify all installations of same type and retest until 

satisfactory results are achieved. 
 

C. Record test results. 
 

 

END OF SECTION 
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